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BACKGROUND

Dot gain is a well known problem in the flexographic printing industry. It is understood
10 that dot gain on a printed web can be partially attributed to a relative slippage between
printing features of the flexographic printing plate and the surface of the web being
printed. Slippage happens in the nip between a deformable printing tool and a back-up
roll and is due to either incompressibility of the material of the printing plate or mismatch
of surface velocities of the printing plate and the web. Dot gain for small features is more
15 pronounced than for large features. This is because slippage of a small distance is
considerably larger relative to a small dot than the same slippage distance with a

considerably larger dot.
BRIEF SUMMARY

The disclosure presented herein described methods and systems for improved flexographic
20 printing by curing material transferred from a flexographic printing plate to a recipient
substrate while the material is in contact with both a feature of the plate and the recipient

substrate.

In an embodiment, a method for flexographic printing is described. The method comprises
transferring a curable material from a donor substrate to a feature of a flexographic
25 printing plate; and transferring the curable material from the feature of the flexographic
printing plate to a recipient substrate. The method further comprises curing the material
while the material is in contact with both the feature and the recipient substrate. The
curing may comprise exposing the material to energy, such as e-beam radiation, UV

radiation, or heat. The method may further comprise reducing the oxygen content in the
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transferring a curable material froma donor substrate to a feature of a
fl exographic 25 printing plate; and transferring the curable material from
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radi ati on, or heat. The nethod nmay further conprise reducing the oxygen
content i neﬁth‘onm%ﬂtv'of qmtmgfma{t%lc@“ ng, qﬁd‘(ﬁl{l&lﬁé 'niffoddn infY thé"tc{n‘?ﬂjg’m' ng
nitrogen into the curin environnment. I'n addition; the method may conprise
precuring eherofeey | & a gdltl@% the mothpdsmhay ﬁpmgrlteheremmerthalmatqr@inptlhetCt eature
of the fle t t hod
may al so 1 aArant S dhl BBl GE G B e ecBRylTE
transfer ofulishetecThablethormagraisal fuftheo epmprasedemoving stheint &vw a watetvd pfieat ure of
the pl’g nti rt]cgtrQA %E‘eo t}]ehc%r ttt;]t%tgrlalsf "fl?gtf uciong A’ubgt?a%[ {2 fe%turg 0% the iﬁﬁ’n .
However, the advantages th 've hore recog en’ usi n

f eat ures halataagThe trmthedas uthftrtet‘msfeatmrasfofjaﬁymmr dimters tltr.r advelstsgesepfghq 10

m croneters | ess croneters n odi nent , ystem
For 11 exog Bty P i Pert@larRh dame v g Lo L i CoiRypo 01

f | exogr aphin@cbmbklersao hdsé; @Ler, €0 nhioroaicteacdi adsh, \or 5 @tierometess drll@xogr aphi ¢ printing
plate conprising one or nore featur es The featur es are capabl e of
transferri g @er%tl)”dam i rrsatst%m ﬂe &) h1ceCI gtment SCT ed s IX rlses
further conprises a %a’caka’ roPli % P1'6RE rgefa?lve to ﬁ}é graphic

rol | such thétxogmpeiventl oﬁnﬁgne:dbac kattpchelolly | rec@lata Yiexdgpaphive pf-1hmg)qptaaqah| c

|1 bl f bstr at bet back
AP o S A g S e e T A e A i e

t ransf er r eghatdri@mot Heecip@at kibeGaté. 0 Thieyskedt ft@theln&onﬁdﬂi@est 4 BdcRup ThEpSHtDhE&M
further co rlsesﬁgeflrst ner y sogﬁce for curl erial, the first

ener gy sourcdMSEP e festap ﬁer& Syl wloeftﬁl?ﬁtgﬁd WM?LWI%HV@M. % the

materi al i SlekdprAR @atis E‘dphﬁle tolh @ads BiatalicEipicANIbithe: foafbRI ‘&m’eeﬁ YiRshdcRE The
first energy source_nay Pable of emtting ene WV radi atlon

e- beaM r adirgit ?%theofﬂexoar@plneétl torpltove yhe epptiayateiiat tpege danpFTedefrom éléf‘cond

energy SourGeb (RS Reipihi MPsthe mtsattbalfmﬂétleoaa%m RAGAGYy SRWCGSr | S
positioned to cause pre-curing of thé material prior to transfer of the

mat eri al f coma hempisteluthe firs cpdigy ?@Fﬁ%’ﬁ’é‘ﬁﬂm@ﬂ%@ﬂ tagaase opRag o e amwiarial
further conpii Sk aatahtlr@gﬁ@oﬁtttt teathom FORALALHS: e%tfqaayrsﬁﬁsta ?ﬁer fduce

nltrogen at a location ererraerla |strans erre omt ature to
the reci pi entrgsshistermyebe Cipable g nytpiog enirgs cugsdf Yradiadion fd- le@wgta@pmnm oprinting

pl ates, having fepl St \‘,?é]agaﬁﬂhh&’ €6in rl‘s@"&%%ond eﬂéargﬂ%ﬁ@é q&emﬁlieocfurlhg‘ﬁtlesy“ em

may be nore recogni n usi ng at es havi ng features eral
di mensi on ofatetBl. filerseemtl enggp soureesis posetiqgred tol@use we-ombtgerf sheomatkbed prior 5

m cromet er %0 % Ife(:’fso 't materlgl g(‘fantl %%%a%gledtost}ﬂg tr%ecrerpsien esﬁt?s'trhf dl"l*eesrygtlenq Ig%,OVI de
several advan ages exa curin i al FS71n cont act
wi th both aurﬂeatcumprmf a antf*dgexogﬁuapﬂn|appapatumtcoﬁfgumdatoemandhca ieedepi @ nd
:332{ :: gt g ﬁ)gc?agoennEV erglnllﬁgrlag 18 trans erreg tlrom the Ettltjl%eetoatﬂg ré[:01peler{tes(1:1{>£rla%nt The
25 system is useful for flexographic printing plates having features of any size. However, the
advantages of the system may be more recognized when using plates having features with
a lateral dimension of 15 micrometers or less; e.g., 10 micrometers or less or 5

micrometers or less.

The methods and systems described herein provide several advantages. For example,
30 curing material while it is in contact with both a feature of a flexographic printing plate

and a recipient substrate prevents slippage between the feature and the recipient substrate.
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I n addi tion, as flexographic printing involves use of sol vent-based
materials, renoval of solvent, as described in enbodi nents herein, not only
al | ows f oworhe/usetoeri al to be cured while it is in cont®&Cu/sem/okaseh a
feature of a flexographic printing plate and a recipient substrate, but
also facilitates the deposition of the material on a donor substrate
because 5 the material can conprise solvent that will be | ater renoved.
These and ot her advantages of the systens and net hods descri bed herein are
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made to the acconpanying drawings that forma 20 part hereof, and in which
are shown by way of il uBRIER DESCRETEORIOBPEE DRAWBNG®dI nents. It is to be

under st ood that other enbodi nents are contenplated and may be nade w thout
departing framthe scope or spirit of the present invention. The foll ow ng
det ai | ed ddd&pi bt pisiilont Hagrapoeldlexpgrapiis prginggnctholen in a 1initing sense.
Oveni ew

10 FIGS. 59 are side views of diagrammatic representations of flexographic printing

systems or compontents thereof.

FIG. 10 is a micrograph image of hardcoat lines printed on a glass slide using an

exemplary system and method.

The figures are not necessarily to scale. Like numbers used in the figures refer to like
15 components, steps and the like. However, it will be understood that the use of a number to
refer to a component in a given figure is not intended to limit the component in another

figure labeled with the same number.
DETAILED DESCRIPTION

In the following description, reference is made to the accompanying drawings that form a
20 part hereof, and in which are shown by way of illustration several specific embodiments. It
is to be understood that other embodiments are contemplated and may be made without
departing from the scope or spirit of the present invention. The following detailed

description, therefore, is not to be taken in a limiting sense.
Overview

25 Curing printable material while it is in contact with both a feature of a flexographic
printing plate and a recipient substrate prevents slippage between the feature and the

recipient substrate and increases fidelity of flexographic printing. While this is the case
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25Curing printable material while it is in contact with both a feature of a
fl exographic printing plate and a recipient substrate prevents slippage
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to the extent that it does not contradict the disclosure presented herein.
Definitions

20 All scientific and technical terms used herein have meanings commonly used in the art
unless otherwise specified. The definitions provided herein are to facilitate understanding
of certain terms used frequently herein and are not meant to limit the scope of the present

disclosure.

As used herein, “flexographic printing” means a rotary printing using a flexible printing
25 plate; i.e., a flexographic printing plate. Any material that may be transferred from a

flexographic printing plate to a recipient substrate may be “printed”.

As used herein, a “material” to be printed means a composition that is capable of being

transferred from a feature of a flexographic printing plate to a recipient substrate. A



fl exographic printing plate to a recipient substrate may be "printed". As
used herein, a "material" to be printed neans a conposition that is capable
of bei ng woapesiwoseed from a feature of a fl exographi c pPCHEUSY7PBBRE t0 a
reci pient substrate. A material may conprise a solvent, and various
conponent s di ssol ved, dispersed, suspended, or the like in the solvent. As
used herein, "curing" neans a process of hardening of a material.
Typically, curing refers to increasing cross-linking within the material. A
"curabl e” nBi&fal dhayt MmPRES & Solveht and VRIE! | Ampohdhs MYoREy, hakpenad,
typically through cross-linking. A materi aI may be part| ally cured or fully
cured. As gewendsdrasithe likg imieeelvent: that is "pre-cured” is a material that is
partially cured. It will be understood that curing subsequent to pre-curing
may r esul t Agnséd H@’Elh' @cjuhﬂg’cﬁiéaﬁlg aQroded b¥nsnGd JTBt ﬁﬁtbﬁa{l THPickBeduhss €i n,
‘curing environnent” neans the environment in which curing occurs. 10As
used her ej refers ¢ i @R@@Gﬂwpi@ lplklnﬁtwwhgl the gragriakenirdlgmairishuprdirettavi ng
featurgs o a?er%'t}&b S«‘J 'hFJdeﬁe‘a Jﬁflg’?‘r{ﬁlfoﬁ { €fhsd Bnidngd €6 F?ha‘%‘é} 131‘\5?556 ate may
be di sposed, erel n or'the feat res are capa orm ng
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her ei n, "f%%tarlfsrtﬁe en%r%gn%eqlra sgcurnro ectl on of a flexographic printing
pl ate. The rai'sed ion has"a® "3l surface (or land), onto which

mat eri al may be dlsposed As used herel n, "donor substrate" means a
subst t&t e dwutuedindrgh, ‘Hlerpgraphiapritting pefte’rmadahne a tpontng plate having features onto

which material to be transferred to a recipient substrate may be disposed, wherein the plate
or the features are capable of deforming when contacting the recipient substrate (relative
to when not contacting the recipient substrate). A flexographic printing plate may be a flat
plate that can be attached to a roll; e.g., by mounting tape, or a sleeve attached to a chuck,

15 such as with Dupont™ CRY EL® round plates.

As used herein, “feature” means a raised projection of a flexographic printing plate. The

raised projection has a distal surface (or land), onto which material may be disposed.

As used herein, “donor substrate” means a substrate onto which a material transferable to a
feature of a flexographic printing plate may be disposed. Donor substrates may be in any
20 form suitable for the transfer of material to a feature. For example, donor substrates may

be films, plates or rolls.

As used herein, “recipient substrate” means a substrate onto which a material may be
printed. Exemplary substrates include but are not limited to inorganic substrates such as
quartz, glass, silica and other oxides or ceramics such as alumina, indium tin oxide,
25 lithium tantalate (LiTaO.sub.3), lithium niobate (LiNbO.sub.3), gallium arsenide (GaAs),
silicon carbide (SiC), langasite (LGS), zinc oxide (ZnO), aluminum nitride (AIN), silicon
(Si), silicon nitride (Si.sub.3N.sub.4), and lead zirconium titanate ("PZT"); metals or
alloys such as aluminum, copper, gold, silver and steel; thermoplastics such as polyesters

(e.g., polyethylene terephthalate or polyethylene naphthalates), polyacrylates (e.g.,



feature of a flexographic printing plate nmay be di sposed. Donor substrates
may be in any 20formsuitable for the transfer of material to a feature.

For exanpWe,20eamese4substrates may be filns, plates or r®CraIS208s/0833e21
herein, "recipient substrate” means a substrate onto which a material may
be printed. Exenplary substrates include but are not limted to inorganic
substrates such as quartz, glass, silica and other oxides or ceram cs such
as alumna, indiumtin oxide, 25 lithiumtantalate (LiTa0.stib.3), lithium
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t hus shouldmhﬂihﬂmeﬁﬂaeiedmhﬁ“meﬁamfﬂﬁﬁhudmm@dt@ut”not limted to . :
Unl ess otherw se indicated, all nunbers expressing feature sizes, anounts,

and physi C?Jnless otherwise indicated, all numbers expressing feature sizes, amounts, and physical
properties used in the specification and claims are to be understood as being modified in

15 all instances by the term “about.” Accordingly, unless indicated to the contrary, the
numerical parameters set forth in the foregoing specification and attached claims are
approximations that can vary depending upon the desired properties sought to be obtained

by those skilled in the art utilizing the teachings disclosed herein.

The recitation of numerical ranges by endpoints includes all numbers subsumed within
20 that range (e.g. 1 to 5 includes 1, 1.5, 2, 2.75, 3, 3.80, 4, and 5) and any range within that

range.

(13 ” (13

As used in this specification and the appended claims, the singular forms an”, and
“the” encompass embodiments having plural referents, unless the content clearly dictates
otherwise. As used in this specification and the appended claims, the term “or” is
25 generally employed in its sense including “and/or” unless the content clearly dictates

otherwise.



properties used in the specification and clains are to be understood as
being nodified in 15 all instances by the term "about." Accordingly,

unl ess i MiDcaIsaBo86d t he contrary, the nunerical paranet @C3/Usea07/08332h in t he
foregoi ng specification and attached cl ains are approxi mations that can
vary dependi ng upon the desired properties sought to be obtained by those
skilled in the art utilizing the teachings disclosed herein. The
recitation of nunerical ranges by endpoints includes all nunbers subsuned
wi thin 20t Raked.@Ng6e bEntly 1 to 5 includes 1, 1.5, 2, 2.75, 3, 3.80, 4, and
5) and any range wi thin that range As used |n thls speC|f|cat|on and the
appended cl ai ns, the singul ar t he" enconpass
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mat eri al capable of being transferred to and froma feature of a
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presented herein. For exanple the material may conprise a curable resin.
mechanism that can be used herein include acrylic-based resins derived from epoxies,

polyesters, polyethers, and urethanes, ethylenically unsaturated compounds, aminoplast
derivatives having at least one pendant acrylate group, isocyanate derivatives having at
least one pendant acrylate group, epoxy resins other than acrylated epoxies, and mixtures
10 and combinations thereof. The term acrylate is used here to encompass both acrylates and
methacrylates. U.S. Pat. 4,576,850 (Martens) discloses examples of cross-linkable resins
that may be used in cube corner element arrays and may be useful as the materials

described herein.

Ethylenically unsaturated resins include both monomeric and polymeric compounds that
15 contain atoms of carbon, hydrogen and oxygen, and optionally nitrogen, sulfur, and the
halogens may be used herein. Oxygen or nitrogen atoms, or both, are generally present in
cther, ester, urcthane, amide, and urea groups. Ethylenically unsaturated compounds
preferably have a molecular weight of less than about 4,000 and preferably are esters made
from the reaction of compounds containing aliphatic monohydroxy groups, aliphatic
20 polyhydroxy groups, and unsaturated carboxylic acids, such as acrylic acid, methacrylic
acid, itaconic acid, crotonic acid, iso-crotonic acid, maleic acid, and the like. Such

materials are typically readily available commercially and can be readily cross linked.

Some illustrative examples of compounds having an acrylic or methacrylic group that are

suitable for use in accordance with the teachings presented herein are listed below:
25 (1) Monofunctional compounds:

ethylacrylate, n-butylacrylate, isobutylacrylate, 2-ethylhexylacrylate, n-hexylacrylate, n-
octylacrylate, isooctyl acrylate, bornyl acrylate, tetrahydrofurfuryl acrylate, 2-
phenoxyethyl acrylate, and N,N-dimethylacrylamide;



S5Illustrative exanples of resins that are capable of being polynerized by a
free radi cal nmechanismthat can be used herein include acrylic-based resins
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group, epoxy resins other than acryl ated epoxies, and m xtures 10 and
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arrays and may be useful as the materials described herein. Ethylenically

unsat ur at ed-riagangdiol digryiige. héthexansAiohdinriylaign deqpsniylebrertdiagilgsup@lerhat 15
contain at %rpt%%lofdiareamantriéms%neg%blaaﬁc@}syeget@traeamen@pgiye&aldiaxrymté,r QQen,

sul fur, and'the hal'ogens may be used hérein. Oxygen or nitrogen atons, or
both, are ¢§etletarglycprdaseriatciandet her, ester, urethane, amide, and urea

groups. Ethylcnically unsaturated conpounds preferably have a nol ecul ar

wei ghts of | B3t edthphn@00 and preferably are esters nmade fromthe
reacti on of conpounds containing aliphatic nonohydroxy groups, aliphatic

20 pol yhydr oxy groups, and unsaturated carboxylic acids,. such as acrylic
acid, net héré‘?l%?mﬁelpé%’?‘&ﬁ i FaeyHe a@fya?rotz?mm aRengeryiegeler dtigaiy'étcaci d,

mal ci ¢ aci gent@dgthiifd® | kdh@acrye Mafder i @k@-RFBollNReGahiyeyhRast! Y s | abl e
commercially and can be readily cross |inked. Sonme illustrative exanples of
conpounds F&NSSAyatE exemples ef ehcrptivteiqally uasagrgeheamroundy BdgesinsaBrlads or use

in accor daRgenW dibin}BenAR2GHy NEucRE 0SS Bl E S rghRk INaKR 1 bl 2SIRMn & OMy1 25(1) M
onof unctional conpounds: ethylacrylate, "n-butylacrylate, isobutylacrylate,
2- et h\ hex yhraelagthmt monggllile glyalbiydndtnelymeshellyl estars sush @s djadiplopithalateend/| at e,
bornyl acr et f -To: ¥ yl acrylate, and
NN i ot e B e B B Y el o

di acryl ate, 1, 6-hexanedi ol diacrylate, neopentylglycol diacrylatc, ethylene
gl ycol di adkyiraifve, exemplet ik photerfilyaesizadinaiitipront dhat e bablendadetieh aerylic|

di acryl at ¢ ¢, afdindl RERYL B8 SoIBWHEL beHhiAGEMKY 1L Gonz R boz3h, BRLYh Wit ipaal

conpounds: o o ' '
benzoin isopropyl ether, benzoin isobutyl ether, etc., benzophenone/tertiary amine,

15 acetophenones such as 2,2-diethoxyacetophenone, benzyl methyl ketal, 1-
hydroxycyclohexylphenyl ketone, 2- hydroxy-2-methyl-1-phenylpropan-1-one, 1-(4-
isopropylphenyl)-2-hydroxy-2-methylpropan-1-one, 2-benzyl-2-N,N-dimethylamino-1-(4-
morpholinophenyl)-1-butanone, 2,4,6-trimethylbenzoyl-diphenylphosphine oxide, 2-
methyl-1-4(methylthio), phenyl-2-morpholino-1-propanone, bis(2,6-

20 dimethoxybenzoyl)(2,4,4-trimethylpentyl)phosphine oxide, etc. The compounds may be

used individually or in combination.

Examples of thermal initiators that may be employed generally include peroxides such as
acetyl and benzoyl peroxides. Specific examples of thermal initiators that can be utilized
include, but are not limited to, 4,4"-azobis(4-cyanovaleric acid), 1,1'-
25 azobis(cyclohexanecarbonitrile), 2,2'-azobis(2-methylpropionitrile), benzoyl peroxide,
2,2-bis(tert-butylperoxy)butane, 2,5-bis(zert-butylperoxy)-2,5-dimethylhexane, bis[ 1-(zert-
butylperoxy)-1-methylethyl]benzene, fert-butyl hydroperoxide, fert-butyl peracetate, tert-
butyl peroxide, tert-butyl peroxybenzoate, cumene hydroperoxide, dicumyl peroxide,

lauroyl peroxide, peracetic acid, and, potassium persulfate. As examples, the
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trimet hyl ol propanetnacryl ate, gl yceroltriacryl ate, pentaerythritoltriacrylate
, pentaerythritoltetraacryl ate, andtris(2-acryl oyl oxyethyl)i socyanurate. Sone
repr esentwi2oes/@aseapl es of ot her et hyl eni cal |y unsat ur aP€a/usormaosdsds and
resins include styrene, divinylbenzene, vinyl toluene, N-vinyl formam de,
N-vinyl pyrrolidone, Nvinyl 10caprol actam nonoallyl, polyallyl, and
polynethal |l yl esters such as diallyl phthalate and dial |yl adipate, and

am des of carboxylic acids such as N N-diallyladipamde. Illustrative

exanpl es o h&Pfﬁ ARP! KAk 23! \A}r&’lﬂxﬁ%{oﬁlé a{a}?a'h?{g%%flao Ee&ﬂdﬁleﬂ{}@'%ta‘f"' ghoacrylic

conpounds inc e theTollo enzi enzoat e,” benZoi n,
benzoin ethymxkﬁhmxnmbemzmhmmhmgﬁn@pypmmpMEm,mbmnimvmmmsmbutyl ether etc.
benzophenont hertiary am ne, 15acet ophenones such as

2, 2-diet hO)@é %ﬁéﬁ@%g%ﬂ:ﬁﬁab@ee&%% ial chﬁﬁleE ket al nomﬂﬁ%ﬁqxﬁérﬁ%ee% Hﬁ@yl

ketone - r oxy- propan- 1-on
|sopropylphemyﬂ@mwwhydmbxwhmnwnﬂhybmmopmhnmydnemthb@nqﬁmaﬁ-ﬁwmhmdmmethyI

am no- Pﬁg Eﬁtedl gﬁﬁﬁpqe%}{llm?lat%rs sﬂ% %qnolylsalfonuém and diaryliodonium salts.

2,4, 6- enzo I ne
nethyl-l 4(nethy|th|o) phenyl-2- nDrphollno 1- propanone, bi s( 2, 6-
20di met hox Mrderiabyymyy zl,sa,cxlmpmermtswym@e Myl jabvrros phivhishohé dempaneats of Hee

conpounds 'ﬁ?ayerigﬁmay be dissolved, dispersed, suspended or the like may be used. The solvent may
be an organic compound that does not appreciably participate in the cross-linking reaction

and which exists in a liquid phase at room temperature and 1 atmosphere. The viscosity

10 and surface tension of the solvent are not specifically limited. Examples of suitable
solvents include chloroform, acetonitrile, methylethylketone, ethylacetate, and mixtures

thereof. Any amount of solvent capable of dissolving, dispersing, suspending, etc. the

components of the material may be used. Preferably, a sufficient amount of solvent will

be used so that the material can readily be disposed on a donor substrate. Generally, the

15 amount of solvent will range from 60 to 90 wt %, e.g. 70 to 80 wt %, with respect to the

total weight of the material.

In addition, the solvent or mixture of solvents should be actively or passively removable
from the material during a flexographic printing process to produce a material that may be
cured when the material is in contact with both the feature of the flexographic printing
20 plate and the recipient substrate. A curable material is preferably a flowable material at
room temperature or at temperatures at which flexographic printing processes are carried

out.
Methods

Exemplary methods for printing a material on a recipient substrate using flexographic
25 printing techniques are described below. FIG. 1 provides an example of such a method.
The method depicted in FIG. 1 comprises transferring a curable material from a donor
substrate to a feature of a flexographic printing plate (100). The curable material is then
transferred from the feature to a recipient substrate (120). The method further comprises

curing the material when the material is in contact with both the feature and the recipient
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used individually or in conmbination. Exanples of thermal initiators that
may be enpl oyed generally include peroxides such as acetyl and benzoyl

per oxi deswO3pesdaichses exanpl es of thermal initiators that PCarush@708ip: zed

i ncl ude, butarenot!limtedto, 4, 41- azobi s(4-cyanoval ericacid), 1,1 - 25

azobi s(cycl ohexanecarbonitrile), 2,2'-azobis(2-nmethylpropionitrile),
benzoyl peroxide, 2,2-bis(tert-butyl peroxy)butane,

2,5-bis(tert-butyl peroxy)-2,5-di met hyl hexane, bis[| -(tenbutyl per oxy)- |

- met hyl et h)éut%{}ét@g?m) LRD s}h%yin PErORRE At mdye Rtk é’chJRr%é A&kt Eﬂae
ten-butyl peroxi ten-butyl peroxybenzoate, cumene hydroper oxi di cunyl
per oxi de, [o&Yges ghnigE Abthi a@wr%@p@zo’éter%thamawrlalam COpt@t:ta@sh thqu@@mmdft%ﬁ e. As
exanpl es, tiat. o] hepy

benz! 1 ai et R g B R Y b XA o .
and m xt ur egroghreméothe curin@anviominsal. | y pol yrmeri zabl e material s i ncl udeE but
are not limted to materials containing epoxy and vinyI ether functi onal
groups; an T ens:..ar i by

oni umssal tg!\n tlogﬁoyi%q%%ci&g@pﬁdr :{bg?rﬁ uﬁtoﬁlﬁl&%tﬁ%rﬁ | ary ypg%gg%fgnl salts.
Materi al s mrcalh@mwabrﬂm mgidods @sm)c@dthereAnyF@ro«melnte etpeahirghatiohemayobponent s
of the mat i e y be
used. The g%?één nag%%emgﬁﬁ%¥ggﬁﬁgr%%%%@un&m?ﬁgBﬁggggOﬁgyﬁgﬁg%ggﬁgﬂﬁy
parti ci pat ée mwdt heheat @d$V Iradmkionds wseddt m@nbeadadirafdlﬂ ©hn@wxdest ghoioninagialor qui d
phase at r Oot erma t1a § ullhethgrr]lg terla?tcgnqs SH ‘It w1 \él uS Os{ooé{t a:l‘ anr(ljersur face
tensi on of “the Sol Vent are- not Spéeci |caPI q ? SYi tabl e
sol veml s i nalrerdeilchd pclisﬁfo(anTBuch(IMt@mlﬁte’dl énergymaﬂlh;el @febtyxlektetcnreethe ataha-yllaac et at e,
and nixture .t her eof . of vent .capabl e of _di ssol vin

G sper i ng VWdpantist ubeRe g G GHE AL R SORYHad EVT Rty ol Yus ed.

Pr ef er abl y radati®ufif 4seil emt;uramuﬁiteﬁu‘l tBOkubetdite, Wr lalterbgtividBedle Bontiniggilaté el
material can readily gﬁg»osed on donor sub?ﬁ Generally, the 15

r at
amount of %W%r?fld\RFthPS EXOnga@PdCGBI 1RO RECER eebygt.%eibV Fagiagion 5 theh Wi t h

respect t o thch@df@btan@h@hthe latdria wikBi ﬁrls &l cortdtt @@ BotiP e fhdigreS@li RNt OF
m xture of solvents shoul d be actively passi vely renovable fromthe

mat er 1Al dovisHeea Iﬁheésoéglﬁe&pﬂﬁedewﬁrﬁtsmgatﬁr%é@gor%atﬁ? srercte tansfert drtheal ¢ hat

may be cur ggidMapRohfe PRLRS lodhe bibsirdle GO MHaahe Midrial RAY Be thed We@h urie P the
f | exographi c printing
contact with both the feature and the substrate. Other possibilities are envisioned and

readily understandable by those of skill in the art.

As shown in FIG. 3, a method for flexographic printing may comprise removing solvent

20 from a material disposed on a donor substrate to produce a curable material (180). In most
cases, at least a portion of the solvent will be removed from a material prior to the material
being cured. Any known or future developed technique suitable for removing solvent
from the material may be employed. Solvent may be removed from the material according
to the teachings described in the aforementioned U.S. Provisional Patent Application

25 Serial No. 60/865,979, entitled “SOLVENT REMOVAL ASSISTED MATERIAL
TRANSFER FOR FLEXOGRAPHIC PRINTING” to Pekurovsky et al.

FIG. 4 illustrates an exemplary method for flexographic printing. The method comprises
transferring a curable material from a donor substrate to a features of a flexographic
printing plate (100) and precuring the material transferred to the feature (150). The

30 material may be precured as described above for curing. It will be understood that
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20 plate and the recipient substrate. A curable material is preferably a
flowable material at roomtenperatne oi at tenperatures at which

f | exogr aphDcogsricpgeung processes are carried out. Mt hodPCEASP@I7A8382et hods
for printing a material on a recipient substrate using flexographic 25
printing techniques are described below. FIG 1 provides an exanple of such
a nethod. The nethod depicted in FIG 1 conprises transferring a curable
material froma donor substrate to a feature of a flexographic printing
plate (100)eqdig ﬁl'érlﬁfglar@al MR GEOA inl S nlalSBl [HaPRSHRAEABddrEOBY terifheahdr e to a
reci pient substrate (120). The nmethod further conprises curing the naterial
when the matagariahfornes inte eopactaetth Wictiacipientrsubiate: eBaumethadh durthhecorentispi ent
substrate t

Feduci ng. ¢ K acrnd e BRI ik or e MRS SRMPIBY RO RO FRTRINAE | |
contact wi tle rireurké atateriel wimte thherercemdpn%mal subsbntadteyithi bogh the ifgaturbiendcur i ng
envi r opnen done by introducing nitrogen into the

curi ngpenv:ihre()r%lry%élttsu ny " known or future devel oped technique for curing the
material may be used in accordance with the nethods described herein. For
exanpl e, clbwdinbe adidestooh thmyvabeususierd proseintsil tin fléSe rlod gndyi bﬁkiirrtgmi\xetihi n the

mat eri al . t di at |

radi ati on t%lstérglga%géd X&%nechgé ﬁeé?rgglb{tg ft:(% e%(%{gﬁ)l ge ggpp (ﬂmmﬁl QP%S%

t her mal i nicontarttar the numﬂmenmmdzrmnanatmﬁbrrﬂ?d@tz imap be dpiplied td thd:)methnmhstvmud that
t he energy ositioned . such that em ted ener
effective t(I)&gufe (Wt he StF%OPreFl%vﬁqgla SOLV?H |frson%:% er Wit Che! trat? 18e and the
reci pient shtbetun&tl@.3Eraybepatminedwnthtﬂd\{nethmﬂsamdvm”ImFEIGSsBﬁhdq eaur e the
material, the substrate, or alternatively the printing plate and feature,
and perhaps the flexographic roll, may be penetrable by the UV radi ation so
that the radiation can reach the material when it is in contact with both
the feature and the 15 substrate. If heat is used, the recipient substrate
may be pretdgsgemsl prior to transfer of the nmaterial fromthe feature to the
substrate so that the material may be cured when it is in contact with both

the featurgnandldde H ?s%ﬁlz F@hfe cdt ttteéar&fasah Rithl Jn&%ﬁnaﬁa'i@ﬂ %faﬁ!n@ 'i';‘?iﬁu@%d

readi |l y understan y those of ski in the art own in
met hod f or systesorcapidre flpragraphiggy vieys @drﬁfpmp@@n’fséhﬁﬁmf ﬁgtabtwlfvlemrymg@)uf rom a

mat er | al d'ﬂ?e%&ﬁ&'ds%sc%bg@ﬁt%rve%b&etsé fb%& bEl‘BwprIRQl‘éé% b@]g(‘ttl’e]f Q%ln%la {e | (180).

I n nost cases, lI'east a portion of the solvent froma
mat eri al prtheotermonttbmﬂ rf@0ewillabe beidnfpr cuneaiengnyn Ideﬂ@mbnnerbothjmareealdémm oped

techni que syl babl ey Ltof STRIAGS0L VSRS LMl hes TRLSLAl. (Y Re,&fP! oved:
Sol vent may it rerm\%eg ]er om tHhe et al accor d % t 0 The tedchings
descri bed |bn unhl@stadd tramgin trhaderiadl ZIZJ) S‘whei?nmt/ihlsi dmpdsecPaheantiorApphbsnattelmaty 25

Serial No. 60/865, entitl " AL ASS| STED. MATERI Al TRANSFER
FOR ELEXOGRAPRIE %ém'ﬁ“ﬁ&‘d to 1931(87(;5@” RY Bty &% re“l‘—‘ﬂvﬁé’ FIYGlY g5 PP ey
exenpb@ry AwihastefinnR20 peoragtrapir €o Pfeatitd ¢TQ. fleXbgaphind frading PhiRtb pRSluce a

curable material, (iii) curable material 220 may be pre-cured while disposed on the feature

and (iv) material 220 transferred to the recipient substrate will be cured or further cured.

Referring to FIG. 5, side views of systems 1000 for flexographic printing are illustrated.
The system 1000 comprises a donor substrate 210 configured to receive material 220 to be
25 printed on a recipient substrate 250. The system 1000 includes a flexographic roll 230
configured to attachably receive a flexographic printing plate 280. Flexographic printing
plate 280 may be attached to flexographic roll 230 using any suitable technique. One
suitable technique includes attaching flexographic plate 280 to flexographic roll 230 using

an adhesive.
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transferring a curable material froma donor substrate to a features of a
fl exographic printing plate (100) and precuring the material transferred to
t he feat Wwe 200880)864 The 30mat erial nmay be precured as de®PCmiused7mkiser f or
curing. It wll be understood that precuring the material will result in a
material that is partially cured by the tine the material cones into
contact with the recipient substrate. The nmethod further conprises
transferring the precured material fromthe feature to a recipient

substrate E&03rafiid rdisiong rﬁ&%ab@é RIANE €8l 1TBIRE! @bs i b LUIR Rk GrabdihPd

material is in contact with both the feature and 5the recipient substrate.

It will be2&hdeayshobansidiegd fm!d@m@r gibeipde R seatfsgfuicn2d ¢S flexagrapdyc be
i nterm xed, . ft l&E%@e@the %%[Et?ﬂ 169: deﬁfcﬁed iR F16PBA R e 1udBoL b (%lle the

step of r egum e oxygen content he curing environnment in FIG
2 may be agm ipestianed tréletivieed Hisdsgraiawrplli 330FRudsSthag mamement of hecksp eqdl 40

renovi nt I 8 0 hown in
= %elvsgtr fﬂoelgg e {Wﬁf ?Zf]d Re ?ﬂal% gfd gﬁfg{/\ﬁ r%) glﬁt%gst%%e %A) % 1%0

Syst ens Théememﬂd@gﬂp]slcmlbm aab bvakup anll 14O, a:lmwnmgdataMI 200 tdbearayls&med abI e

f | exogr aphi i nti yste flex hi.c orrponent S
t her eof SU|f'i031gfe%tuf C rfﬂ?l Y pgfft {@Sa]w?e yﬁtﬁ?lot%gg% I%tgﬁ{lbiezﬁgs%ﬁ

descri bed beb dackubnrotle 2a0Ap 2B tpbﬁumeanfralaaw t@mk@n‘pmd hﬂl 230 rsmamthefl al 220
will be used for c eni ence i ri eri that c ses a
I gh Sl verto EamiGHPERPRTY 2dPanf BSR4t Terl g, i 2 ceBmiap! 1t
shoul ¢ be wndaizstapidnt fBdtrald 250NMBREVeaetwidd fWRFaphiy fduaialoyandlbaa@@adu@n a
donor substrate may conprise a fully saturated sol ution i) solvent may
be renoved?2 %t%%r 911%%&%%?%}) toz‘z? st dom %?Ptmzez%ﬁﬂpﬁ)ﬁ IRy Pl nst er
to a featurzgo,of a flexographic printing plate to produce a curable
material, (iii) curable material 220 may be pre cured while disposed on the
feature and (| il @angsu transfer reC|nQ|F%£t subgtra e wll

be cured OIFleang t’«l}]).}g(f. I strate roll 240 24%A 840B c?eplcted . 5 may be in the
form of cylinders and the rolls 230, 240, 240A, 240B may rotate about the respective

15 central axes of the cylinders. Such rotation allows printing plate 280 attached to
flexographic roll 230 to contact material 220 and then transfer material 220 to recipient

substrate 250. Such rotation also allows recipient substrate 250 to move between

flexographic roll 230 and substrate roll 240, 240A, 240B.

The system 1000 depicted in FIG. 5C includes a reservoir 300 for housing material 220.

20 As inking roll 290 rotates about its central axis and relative to reservoir 300, material 220
is transferred to donor substrate 210. However, it will be understood that nearly any
method may be used to dispose material 220 onto inking roll 290, including, for example,
die coating and roll coating. Flexographic roll 230, to which flexographic plate 280 may
be attached, rotates relative to inking roll 290 such that material 220 is transferred to

25 feature 260 of flexographic printing plate 280. In the system 1000 shown in FIG. 5C,
solvent may be passively removed from material 220; e.g., through evaporation. As
described with regard to FIGS. SA and B, material 220 material may then be transferred
from feature 260 of plate 280 to recipient substrate 250.

Referring to FIGS. 6 and 7, flexographic printing systems 1000 having one or more
30 energy source 330, 330A, 330B arc shown. As shown in FIGS. 6 and 7, energy source

S12-



Referring to FIG 5, side views of systens 1000 for flexographic printing
are illustrated. The system 1000 conpri ses a donor substrate 210 confi gured
to recei WeOrzasa6)ss 220 to be 25 printed on a recipi ent PEURSLO0A0833250. The
system 1000 i ncludes a flexographic roll 230 configured to attachably
receive a flexographic printing plate 280. Flexographic printing plate 280
may be attached to fl exographic roll 230 using any suitable technique. One
sui tabl e techni que includes attaching flexographic plate 280 to

f1 exogr aphizgg rgbh 135&1t%b@9ucﬁﬂhﬁ@ﬂﬁ§édve%er khiexne hﬁ%‘apwﬁ@é hatt3f] 2'2§ iroveabl e
relative to the donor substrate 210 such yhat material 220 may b

t ransf er r edn Feisat dothobotk dgssure 208 of pointieg plafee2R0usng 12619161‘)? Sl’é?sffqt@%%r abhi c
printing pl e A r udes a
backup roll g%%b pgcsel 3%5{60%%0’649 EI(ﬁ[ﬂaga :a\%)logergé ?%@%&P%%EI écéor%lﬁ\lﬂt1 LZ'I)§ H]SS\SE% £Il%Jhat
movenent ofrabrpetentptor bk [radid®n ® allevaturme of ghd mescogh 238hi Of rcoluke 230illi be capabl e
of causi ng S n,fl hi.C 230
and béikupuﬁg?t&%ﬁg&eﬁﬁg 5&%%9ﬁ§?gW%a g@%ﬁﬂ(%a%ﬁ%'#éﬁgéerre (¥5H1%%ature
260 of pri miakanigl P2iateit28M cobiteet Wylhtt@rh @00 2epamct edipient KibSrat&B50.nEbudes t wo
backup rolls 2 0A, 240B posifi d relative to.fl exographic rol.l 0 such
Chat  movershT: BeEkapPorth 308 Frgteb g bEKGP LS Ge Rotn €601 1 530

i s capabl e sah or ldog@apisic rtgl 230c iApidepittes BIGSaband 50tht Q/smﬂOb@hM{eﬁmher

fl exographic roll 230 and g@ck roII 40A 2%?8 al kpmnn nater|€I 220 to
be transfefPBYEr HATRER P S% *FaﬁB? i 50gTigred &0 Juppdugq & ’E:?é?‘bﬁ%ut roll

230 an@ subshfi@t @hérlhe @4Orial 34 GhnsfatdQ Brdi‘@ﬂie%ﬁﬁ'reIMO Ftd) the focipRiit fBstiafe t he

f orm of cyllnders and the rolls 230, 240, 240A, may rotate about the
respect i ve 254 & fsiliiate curingeef e matsial 770, néérSQOWlsm;ﬁI%? at 1ol 9%wEaYr i nt i ng
plate 280 @5&@%%e&&dfeh@fg9%@m:%rf@} preZafind Me %ﬂirﬁpizdgﬁrlo@'id fdns22@ and

then transfer nateri al to remgﬂj‘ent substrate 250 uch rotation al so

al | ows recifgsirast seniate 289 e Prauring ohie aatssirleddean sexe i ApHp @ matial 24b and
substrate p@lihe %Qem@s“g V%&Qﬁy tH{RneSy %Hﬁéﬂoﬂotg& Q%p'cféglﬁa‘gle' f3r Fhdfer

includes a reservoir for housing materi al inking roll 290
r ot at &s ab@mmat@rsaléé‘hfr@altheat‘szatgreéﬁﬂitqtbqs ecipieat ftU(bStf?éﬁs%ﬁﬂvmr 300, material 220
is transferred to donor substrate 210. However, it will be understood that

nearly any R@%h%dtom D& SBekapifc @Ulﬁmst@ mheaﬂaéogl%gﬁcgr&t@zsmm@&hwlI 290,
including, for exanple, die coatin g thrtﬁro | coatin | exogr aphic roll
0oy

230, to whicthornedsgdialisoeraphiaral rgidive fq @mﬁéwbstr%@ ale%eaﬂw 2¢0 ve to
i nking rol | al%qleiygrg%mg Tate gecgha&ts %n’alSZfOr(ﬁ%%g&f&Fﬁj%topsubgéatg 99§ a!ﬁde 260 of

f I exographic print e syste own in
sol vent naynatﬁelabé@slsv@hsfemm\fedmﬁr%m rfmeteiiall 22029 viseouy. egtllﬁs@ugh has

CYaPOAL | O ESCHL DS Dot GOBA! 977 hEP0s BA GnFy (R SC bl 220
mat er1 al “ien % éranse erred I?r mTéa u% % Cg’f ;r)l at e g{) 0 recipient
substrate 2]5©Qgraphlc roll 230 continues to rotate, relative to recipient substrate 250, material 220

disposed on feature 260 comes into contact with recipient substrate 250. While material

220 is in contact with both feature 260 and recipient substrate 250, material 220 is cured,

initiated by energy emitted from energy source 330.

25 Referring to FIG. 9, a side view of another exemplary flexographic printing system 1000
is illustrated. FIG. 9 depicts a system 1000 having a solvent removal apparatus 320. Any
apparatus capable of removing solvent from material 220 on donor substrate 210
associated with inking roll 290 may be employed. Examples of suitable solvent removal
apparatuses 320 include microwave or infrared radiation apparatuses to assist in solvent

30 evaporation or dryers. Also depicted in FIG. 9 is a doctor blade 310. Blade 310 is in

contact with at least a portion of donor substrate 210, which is associated with inking roll
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Referring to FIGS. 6 and 7, flexographic printing systens 1000 havi ng one
or nore 30energy source 330, 330A, 330B are shown. As shown in FIGS. 6 and
7, ener gywoanrsiw086330, 330A is positioned such that em PCEWSVE08382zan cur e
material while material 220 is in contact with both feature 260 of printing
pl ate 280 and reci pient substrate 250. If energy source 330, 330A emts
radi ati on, recipient substrate 250 should be substantially transparent to

the radiation to allow curing of the material 220. O course it will be 5
under st ood xpfaB QP8 @Y &B&HI& f éﬁ@ast BR0ARoPRe BhaceRlot mf%ﬂ}{ts 1286 &fohPn
suitable for curing material 220 as it i's in contact with both feature 260

and reci pi danorsubsémicaA18. QSGQUFW “@&éﬁpn@rst@deﬂlgtwnwpp@emsﬁ@ reIB@ORE Ay be
placed within.hag al e it A) e Qb vddl h.g 719! | 230.
s dopi ot ect e e Ak j&7Rel.Chee il Fy0,BERbyc BERIRILE 1
nitr ogen i efhadi mrasapimdawinls 184 tdin290guy exhdered isnitabted for geqrinting gdhtianal t he 10
Iocatl ea% material is transferred fromthe feature 260 to the
recipi ent su s]tr € 250 to facilitate curing of the material 220. As shown
in FIG 7, a system 1000 may conprise a second energy source 330B for
pr e- cur i ng Qflseursamit aill bd wrRGtood ithet the gompenes s ef theyanewsispitemt 100sevsate 250.
Pre-curing t C: avi ng
properties tﬂgu%%vt?gggdlo N %ﬁﬁbe @%é%gﬁgé grs%%%let g%lg%%rﬁﬁb‘ﬂi es?;r gbl e for
transferri |6g)rll£[Ghé m@tmcluéd a 2@@erft ronoviaheppheiats 20 02 60ldde Xlhes depetpd ent
substrate FLG .8, a flexogra h| which a
fl exographl o p? ? fg‘gltbgc edStOOd thﬁt dior Sttmhe ﬁi &6C%rlzsas N'C tol | 230
rot at &€& r elfixhiovplateGn Hm&rSAs BBsanndé-8 n2y B¢ if ﬁatfameofﬁ&@ll off atirable:dfté exdigeaphi c
pl ate 280 conta ial 220 di sposed on donor substrate 210 and
mat eri al Zgﬁpl?tgg SFJ%S{:?BQ%O feature 260. If material 220 i s viscous;
e.g. if solvent has 20 been renoved frommaterial 220, an inprint 270 may
be left on donor substrate 210. As flexographic roll 230 continues to
rot ate, reI ative to recipient substrate 250, material 220 di sposed on
feature 2 J?EI nto contact with recipient substrate 250. Wile materi al
220 is in co act with both feature 260 and reci pi ent substrate 250,
material 220 is cured, initiated by energy emtted fromenergy source 330.
25Ref er ri ng meer¢-flgrogrphig psingeg platowwest prepaotdrasrdeestidagp i by Hate@kégplapmrc
brinting Susham 4000 chckbigstapher: SoPvirdgRihen SXMERIRO0 diaving
sol vent renoval apparatus appar atus capab renovi ng sol vent
from mat eriFaEX%KRAi?HI@dﬂHNTMGM ”mMﬂd@é@chaOGdiyw glhfiledlongger Gitd 290
may be enplo S f sui tabl e solyv val ratuses 320
el ude m EFSTAe BRI F afs WA R R AVLE0 2t BRRNR MRERF I T R Ven
30evapor at !r«:prllpmd dnqaepssmf_mcmuclam (BEED0/ 50, Eblﬁne&mlls agaithbzt om BVade.)310.
\%h?gﬁ ?;’0 a!g%g%?rcllatg%3h%%trﬂgéie%lﬂeﬁ(&1t%,n%|aélst1innalayer 0% me%yf)ethyqqgt%gle o E)tg tsttl"ua urec? 10,

20 surface, and then positioning a CYREL® flexographic plate (type TDR B 6.35 mm thick,

with removed cover sheet, commercially available from DuPont Co.) on the top of the
microreplicated surface. After 15 hours, the CYREL® plate was exposed to UV radiation
through the attached micro-replicated film in a UV processor equipped with a mercury
Fusion UV curing lamp (model MC-6RQN, Rockville, MD, 200 watt/in), run at

25 approximately 5 fpm. The micro-replicated flexographic printing plate was then detached
from the BEF master.

The microreplicated flexographic printing plate was then attached to a 12.7 cm-diameter
glass cylinder by flexographic mounting tape (type 1120, commercially available from 3M
Co.). A thin layer of type 906 hardcoat (33 wt% solids ceramer hardcoat dispersion
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290. Blade 310 is capable of at |least partially renoving one or nore
inprints 270 from donor substrate 210. O course it wll be understood that
any apparwousosiwosssenovi ng or reducing inprints may be REEAIS2@IO833RNPrints
270 are renoved, donor substrate 210, which is associated with inking rol
290, is rendered suitable for receiving additional 5material 220. O course
it wll be understood that the conponents of the various systens 1000

di scussed throughout this disclosure can be interchanged. For exanple, the

system 100@019£inﬁ%c}2 wi% @0Rh ﬁb%aioé@ﬁ(clés[‘%' \’V‘@?I@N%é’tﬁ'ﬁt acfﬁamﬁ\ﬂ?k vappar at us
320 or a blade 3I0 as depicted in FIG 9. In addition, it Wl be

under st ood meHgeryHgipPPY ibsethetysilaeend G weh Perfagsiibute! tisteta acrplaei(PETA)Y pl at e
in FIGS. 54 ;

ol 1. as dapEren R BTN, Sy PRI B AL op s SEFEBRRCAL Rt ng

pl ate was pyepacetngs W&sorihadr nmutiSraten?06Appdcoeabluonn i BASESivelo No.

PLATES' (o *WRhaP Toa i R T S B 2 eI s, S o,

t he pl ate was rpitcdiariedd ytht dyiengf lerqrohtyame then rbilddor@y clegn glasy stide- Thpl | cat ed

linear prismatig¢c structur.e (B 0/ 50, co reially ilable from 3M Co.),
eforred t anab B RS SndiomiReTY g e AN Fager” 1 forRyicTt hYket one
on its str ycightigdure 200s Wddaic#l, 72and 1t Hemapasi Phabniag Kak CYREL@ fihextgr aphi c
plate (type TDR B 6.3 hick, withr ved cover sheet, commercially
Dvai Fabl 5" Pt Bt Ted S ot S miRay ha i o) e Tasy ST CUIRCe.  Aft er
15 howrs, the weoie Rlackd bpprofihatcd B@sniexwpR&ERd apmt Eymingdi dhia08 Liky paigh t he
attached m cro-repljcated filmin a Uvﬂgrocessor equi pped with a nercury
Fusi on Uv dipsirafgd ke mnipiggrereimieer! Feclyvi | 1e, MD, 200 watt/in), run at
25 approximately 5 fpm The mcro-replicated flexographic printing plate
was then dahaghatboliingmst sfethBER EFRGGRAPHIO @PRINTTNG eWITI al@RING eXamNaphi ¢
printing plate was the tached to 12. 7 cmdiameter glass cylinder by
f1 exogr 2phi RAYSURE T ﬁé%’ﬁ Kﬁp@eﬂss&sedgo‘i%%% PyhyaMLEmsed o iEm Co. )
A thin | ayembedimbieth3Phah M€ BiRkloded IradiXisilkil dThE BRLADRM RABOEGRAL are
di sper si on . . o . L
1 presented for purposes of illustration and not limitation, and the present invention is

limited only by the claims that follow.
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containing 32 wt % 20nm Si O, nano-particles, 8 wt% N, N-di net hyl
acrylamd, 8 w % net hacryl oxypropyl trinmethoxysilane and 52 wt %
pcntaerythritol tri/tetra acrylatc (PETA) in isopropylal cohol (IPA),
3M Co., St. Paul,MN ) was deposited onto a clean glass slide by dip
coat i ngwat 0.03 neters per mnute fromthe 906 hardcoat solution in

| PA ( 25Whetdis Slagned ig5), and then drying the glass slide in open air.
The fl exographic printing plate was then rolled by hand in the |ayer
of hardcoat and then rolled onto a clean glass slide. The glass slide

was posii.ti ongehethodefor NyxaRahee prttinghtorhpidetg, 9 c@mbiMat@othe StebeoBYy St em
(Li ghtingcure 200, Model #L7212-01, Hamamat su Photoni cs K. K. Japan).
Li nes that Emefeayoxerable masaialfron; gyaenapsukstiaterted featurafa fexqeaphicof
approwrﬁﬁééla@e.m cronmeters 10 and were spaced approxi mately 50

m cronet ers~apart formng a parallel line pattern illustrated with

t he m cr ogr apasferdingpge cofablel ated4l. frobh ts, feetrieoddithefié: gedphidygrinting plate to
FLEXOGRAPHI C PRI NTI NG TH CURI NG DURI NG TRANSFER TO SUBSTRATE ar e
di scl oSHECIPERESWRIMERNd n the art will appreciate that enbodinents

other than tdiase il SekAser BpE BIRIANER W hREBdhaChASEth SHRTLIRYLH,

are 15presente pur poses o0 ustration and not limtation,
t he pr ebefmturanehthe oecipisnt substtaebpatposing théimatelrial todJ Y Hizht, f whérem.the

What is clainmed is: |I. A nethod for flexographic printing, conprising,
in conBh4igE3 SAMPHESsH Ripdo gytiator. transferring a curable material

froma donor substrate to a feature of a flexographic printing plate;

2. A method according to claim 1, wherein the feature comprises a lateral dimension of

15 micrometers or less.
3. A method according to claim 1, further comprising reducing oxygen content in the
curing environment while the material 1s in contact with both the feature and the recipient

substrate.

4. A method according to claim 3, wherein reducing oxygen content in the curing

environment comprises introducing nitrogen in the curing environment.

5. A method according to claim 1, further comprising precuring the curable material

prior to transferring the material from the feature to the recipient substrate.

6. A method according to claim 1, further comprising removing solvent from a material

to produce the curable material.
7. A method according to claim 6, wherein removing solvent from a material to produce
the curable material comprises removing the solvent prior to transfer of the curable material

from the donor substrate to the feature.

8. A flexographic printing system comprising, in combination:
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transferring the curable material fromthe feature of the
fl exographic printing plate to a recipient substrate; and
curing the material in a curing environnment while the material is in
contact with both the feature and the recipient substrate by exposing

the material to UV light, wherein the material conprises a photo
initiator. ®ilexagrphivgall senisgwrhiy atigckdbly mcdive wilsxegraphipprindeg plate
conpri .Sc%ﬁlp?isin taeﬁégtlu eqkwah%ncaﬁgblégf {Hil%'i‘é)rﬁgégrmslra%fe Ijng't%rslal to%'r c/%‘ iR hod
according-to €lal m 1, Turt her onpri srng reduci ng oxygen content in

t he cursubgraggvi ronnent while the material is in contact with both the
feature and the recipient substrate. A nmet hod according to claim

4,
3, wherein radgkumepllosgsyonce stsiedo the ferestaphicigll spch thafippyament of the
conpr i SeSINIGEUALOS AL tﬂ'é)%?ﬁ%b&fri{]ﬁ&ﬂg @%&é‘&&ﬂéﬁhé%@ﬂ&m suBstrfd to pue

met hod according to clarm er c rising precuring the cura
mat er i dletvpgeinahe backp asib fral the figxddraphiata@l toadllof thectdablcfeatdidl ¢o be t he
reci pient substrate. =~ 6. A nethad according to claim1, further
conpr i STRFFERHPIH e feture e € EHPIET éﬁt&la“@o produce the curable
material. 7 g éH%E%}P&g?&Cfo ﬂ]rﬂ‘% tﬁ@gﬁ{e"ﬁ‘amtﬁe ﬁeefa{e? sduPdEREi NI Rlohea!
froma material to Produce the cCurable material corfiprises r Vi ng

t he soltyeatsepniing of e tmaersdl erhilefthe tetenalrialn eontat erithddotl thefedtine add fler

substrate to the featyre..8 A fl exographic. printi. tem..
Compri SPIBERt 08 EH; Ra e Est eneray Sourey 1 canable of mitthe Yy radptionyia cute the
att achagpdiyrifiecei ve a fl exographic printing plate conprising a

feature, the feature capable of transferring a curable material to a
reci pi ent substrate; a backup roll positioned relative to the

fl exographi c, ol 1l such that npvenent .of the.back r.ol,l el ative to
Lhe PPERne T I RRsSer gt plie ARG EPble b it SfRediflte difidblatfebs
nove bas pestiorcl@o i kbigr gy elittalorh fige drley0@uRRIN Pefttatd thedbdipient he

curable material to be transferred fromthe feature to the recipient
subst r gukstraggig cure the mpterial yehile e yptesalis drconbrct @ithi hogh thedeatereand the

the firgst: urce being positioned to cause curing of the
mat er i éﬁéaﬁﬁe@g%ﬁggnﬁteri al is in contact with both the feature and

the recipient substrate, and the first energy source is capabl e of
em’ttin%UVr%diationto cure the material . . ..
10. A flexographic printing system according to claim 8, further comprising a second
energy source for precuring the material, the second energy source being positioned to cause
precuring of the material prior to transfer of the material from the feature to the recipient

substrate.

11, A flexographic printing system according to claim 8, further comprising a nitrogen
infusion apparatus configured to introduce nitrogen at a location where material is transferred

from the feature to the recipient substrate.
12. A flexographic printing system according to claim 11, further comprising a donor
substrate configured to receive a material comprising a solvent such that the material is

disposed on the donor substrate;

13. A flexographic printing system according to claim 11, further comprising a solvent

removal apparatus capable of removing solvent from the material disposed on the donor
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9. A flexographic printing systemaccording to claim8, wherein the
first energy source is positioned so that energy emtted fromthe
energy source will penetrate the recipient substrate to cure the
material while the material is in contact with both the feature and
the recipient substrate. 10. A flexographic printing system

accor diSHgstae 1 ppavas the eyrable matesiab Aisepsed o8 thednd sebfially source for
precuring the material, the second energy source being positioned to
cause precuring of the material prior to transfer of the materi al
from t He. f eaA tilegogrepliib printhgy yistent acsukbing @tobaim & Furtlferfcbmpadging e ¢
printi system accordjng to claim8, further conprising a nitrogen

i nf usi xﬁé"ﬁﬁﬁ‘ﬁtﬂ%‘“&%ﬁ’f"itegur ed to introduce nitrogen at a |ocation
where material is transferred fromthe feature to the recipient
substrate. 12. A flexographic printing systemaccording to claim11,
f ur t herlc onphk iflskegraghid pristingssystet atcerdomgntoi adpimeldt, wderegse thieeaterervatmprised
conpri siln% q sol vent%fjucE th the material is disposed on the donor
subst r 4t'atral fgmengion of Jese Bt i34y i nt i ng syst em according to claim 11,
further conprising a solvent renoval apparatus capable of renoving
solvent fromthe material disposed on the donor substrate to produce
the curable material disposed on the donor substrate. 14. A

fl exographic printing systemaccording to claim8, further conprising
the flexographic printing plate. 15. A flexographic printing system
according to claim 14, wherein the feature conprises a | ateral

di rension of less than 15 Am
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