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62624W0003 FLEXOGRAPHI C PRI NTI NG W TH CURI NG DURI NG
TRANSFER TO SUBSTRATE FI ELD This disclosure relates to

WEr0an6ases particularly to flexographic printiPgr/used7/083322

nore particularly to high resolution flexographic

62624 00d3 Ng. BACKGROUND Dot gain is a well known problem

in the flexographic printing industry. It is
understood that dot gain on a printed web can be
partially attributed to a relative slippage between
Pri pipROGRAPHIE %R@&Thﬁ‘é WiE eaiiNG HURING TRANSFRRErO

and the surface of §?%K? gprinted. Slippage
happens in the nip betmeen a ormabl e printing too

and a back-up roll and is due to either
I nconpressibility of the rdal of the printing
plate or m smatch of surface velocities of the
printing plate and the web. Dot gain for snal
Tleiatdjs‘cdiﬁulieersetqalpcinﬁng'lq&dtictuhaly fooflexaaphicf pattingesind more
hi.s . is because f a small distance is
SR aBD R EpGed PPBRGP PG aReE™ srmi 1 dot than the
same slippage distance with a considerably | arger dot.
BRI EF SUMVARY The di scl paukgRu@sent ed herein

descri bed methods and systens for inproved
fl exographic printing by curing material transferred

Prioghithisfa welblgroaphireblpiim therfipxpdraphic prntig i@y eHtls understood
ﬁnh’tb&;t rgﬁineonV\@ Rfu@te(ﬁ @b Bt 66 ?Q{ltml'lys attrfbufe@nb %%lai%é nlpBQ%erbe@ween

feature of e pate and he reci |ent substrate
@rmt@ﬁﬁeﬁurﬁw&f theg flgreagrpplict yinting enk%g eap ki sysfacq of e fveb being

& RE t: 3
GERSL) S6ppeTop RO SOIRCISES LIRESERH AR QyFUbbeicr
folllexd g duglié eitlsr ingompigs sty ef therdaterah nEthe printing nidte or mismatch
0 .
g
mun@h@mid@nnbr$egsﬁmnnm© Thie irdceaus@klippagd ef hemall distance is

croen(sjlﬁeraﬁx t larsgutsef‘latl nt % 4l smatll d(l))[otthgn ttﬁee sgnei‘g ts 1{)p%gg n 1stat1n|g§ with a

con51derably larger dot.
BRIEF SUMMARY

The disclosure presented herein described methods and systems for improved flexographic
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
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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curing may conprise exposing the material to energy,
such as e-beamradiation, UV radiation, or heat. The

waorewoBoessay further conprise reduci ng the oxygeeir/US2007/083322

content in theenvironment of the curing material,

e.g., by introducing nitrogen into the curing

environnent. In addition, the nmethod nay conprise

precuring the material prior to transferri ng t he

ORUSALAL & A Ll GRlhe é’% Cintb G PP ARREn Fiﬁﬂonﬁa' NBuring

plate to the reci p| ent substrate. The met ho§ may al so

¢nyirpmaent.c oiprddgony grrpompthgd Sedyveamprise erscaripg ther rna1er1a1 prior to

I

@%HS%IEHJ Otgés %?tgﬁzéquonq etfga erg H{I t?lg ﬂg %ﬁ[c dﬁ%nﬁ{lg Elgfetpt{;' glte eramplent

Sohetrateet Hdméetsodiwey allko ﬁmﬂlelf @entpuse ssnofvingreplventzieom a material prior

tm%&%{ of 1 El}h\%kl]lggl\é%n tt&%?? (n){thg Iagn l;%?rgltqu)(heb%at{}{% St the printing

recogni ze Ur es h

piatﬂerﬂélmanetbcﬁd ik5uspfut lfcmfeatmres obanyt 6186 H©wgver e advantages of the

rs _or ters or

SrBEE e e soSRDaed by TR SRR IE B g drderiion of 15

aesandtaed: leéﬁhegsy(strﬁmfﬁaérsbr B&S 085 micexngeaphies. r ol |

configured to attachabl y recei ve a fl exographic
relélpefﬁrl%‘bgglﬁgépg %S I’% ﬂsé apagg[frgnrtlp C?GSCI‘I%aé Eﬁe systemecomprlses

arefleabgraphi¢ aol cceﬁgﬁneéntb sttdohabﬂﬁtrecew'Ehe ﬂmgmpmﬁ upﬂirhmg plate

conpri ses a backup rol sitioned rel

GERS R et Rl (TRt RR s bl diordrRell o curable

matktialrtglaatdipientt sabdtae. fT}&-)@gtémghﬂEerrc@hlbmes aqaplaial ©11@bsitioned
i ent rate to nove between

CM% 309 6 q'ig(g' ptie colf P@at GHaPAT@Ph T thledDaﬁ]I“}poWElt figlgtive to the

fitkoaRbic T8I Rrdapdbld 6 REsihg @ NedBEdt 8Gbstrh@ M ltQe beletd B backup
to the recipient substrate. he system further

Y ﬂg%éleéoafmha rodnter gl ws the rcaaab%eomafemlu tacpet famsferred from the
FBLRS t@the r&h[ﬁetft'sﬁl‘?strat%n%g){ Mflﬁﬁelb@nﬂﬁlsﬁoasﬁltsi QRES sblrce for
cause curing of erraterlal while the material IS in

e drermaipr thm@rSf Qgrayrsewcabring prsitiosed icavie cyisefithy waterial
Whie Tk it RMGY BYccflr R 'ﬁ?é/fegﬁ &aRahhe ] le%mﬂs{rag The first
energy, e.dg. I ation, “beam radi ation eat .

Feegyspsice mamby C#mblew@ ﬁmdmrgﬁne@f ags Edondiatee ﬁ@yam oagiagion, or

n t T. e S

gl O, SRl el TR (Bl EoRCGRA, SEN G bRy he
pateogl. flbe secandErergycutché prattienddab chuso pre-¢veing @ftha metdrml prior

toht?angf%g LP {h%nr}l g’r'ija?%rtogna%hf feal‘gllfr% ™ Xﬁc'e E:Enlplrcre% sublélr'}tel:q e s¥stem may
nprise rogen I NTUSI On apparatus contl gured

furtheroehmwalat ningeen atfusion egpatansncontigured matisrodate infirogen at a
rred {?romtheﬁ{ re to the recipient

RO e el e Ho B sl D isP i gubsvate. The

Piientis 0@HPlfat fesofraptingrift@giplite havihg fayiraiof any dlanvaRyever, the

t (Pe . : . :

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,
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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advant ages of the system nmay be nore recogni zed when
using plates having features with a |ateral dinension

wW®200866085£r oneters or less; e.g., 10 m cromnet ePGI/U82007/083322

less or 5 microneters or |ess. The nethods and systens
descri bed herein provide several advantages. For
exanple, curing material while it is in contact with
both a feature of a flexographic printing plate and a

nefdldRioR s %Q%‘aﬁlﬁ& BriffiRViE N Ses st BPRIEenPBAWE GdAAR, removal of
feature and the reci pient substrate.In addition, as

foheerb gs dgshiileedpn |eﬁ1bp¢1§wntﬁ%ﬂemegotw§é/ dlows dprthpmatsziglig be cured
fy ent,,
TR belront 0N kol AL S, ARRCTHRR il apd e

iutostbee dut deb (Rhilitatesi the depositior ofitheohatevial fon kaoctomlasutbetwttmb@ause
gﬁ erlafg(a%%r %?Héel SOPVeFtnthiltrl’% l%l ’ﬁlatgr r%rﬂg\aa r"[%g% pa'nﬁ I’& r chfantages
ep e

aC|I| fest osition o
mﬁatheexysatns end metiotodesgibod terainerdesacsdent rewittdkermadvidcanupon
t will be |later renoved. These and

%?(ﬁgg{hggvsﬁﬁ{’téodlggatg& e systenms and nethods descri bed

herein are now evident or will becone evident upon

readi ng the desRIEF@HESURIPTEIN O8ITHBBRABRNERS

DESCRI PTI ON OF THE DRAWNGS FIGS. 1-4 are flow

di agranms qf f| exographl c printing nethods. FIGS. 5-9

Elfés“cér‘baée Vo iecHmspt Jgrogrrphici KR Me8edt at i ons of

fl exographic printing systens or conpontents thereof.

FIGS. 40 dars s@demvfébv@gdfa@ihgl’éﬁ&gﬁc atpreRnE6aat of fle&Praphic printing

géi nted on a g SS Ilde using an exenplary system and
CHS AT coppRonteily eéf'so are not necessarily to scale. Like

nunbers used in the figures refer to Iike conponents,

EBI@pH) &nd Ihlbﬁ)gkdpkamagbw\hefdpodttliﬂﬂé Ipkintee dsnadefist alide using an

that the use unber to refer to a conponent in a

gicrek W?yéﬁ%nﬁgleﬂ@a intended to linit the conponent in

anot her figure |labeled with the sane nunber. DETAI LED

DhSERIr&TdrONol mectherilly ab lsand. ngikd emabieiptusanin theffiguenedern 1® like

made to the acco dravvl s that farm. a

Aaprs, S 7 Gen ey ST 85w oot Hef o s npppber t

&EY &6 alcompehi inCa eNBOAEITE N Sot nlténdle& td GmRehdledeiontAanl another

hat aﬁ%hcﬁr,eq:oodl ments are contenpl ated and may be
elahrlehith the

same number.
DETAILED DESCRIPTION

In the following description, reference is made to the accompanying drawings that form a
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

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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departing fromthe scope or spirit of the present
invention. The foll ow ng detail ed description,

W@ bs@eéisse, is not to be taken in a |limting SPCIEES2007/083322

Overview Curing printable material while it is in

contact with both a feature of a flexographic printing

pl ate and a recipient substrate prevents slippage

bet ween the feature and the recipient substrate and

fo? qe?@g?ﬁﬁncf bﬂﬁinlgt[}fat&f hefvhr%xfe%f'b@ hje Gnf rsiz@t {8 %enMl b€ transfer of
his is the caséfor flexographic printing plates

wdweﬁgollv@at wptegalowilnhy mpreecviddng Withn dfatures baving angiler lateral

c I '

e S R R SFPRRY PRl A oBE IO EnY (R Mol e

diiessiors @eﬁad@eleMmsﬂDm@wﬁnemﬁgmapmutmpmnmwfmgmgget@WS@to

ﬁl@t‘ﬂ%s 0?%&{1 "ﬂr éj 4 %T%I’%SS J:o%ﬂ%raglr gl 1%r t ﬂ%wevaep lgtthezlgteral fllmensmns of
m crone and“ page T8It v

the éetawressdeofeasumlmhl teyogel he zmssenlt hmaiamrqma mﬁthe\sezle)of $11Eaﬂehtures ie.,

h | at eral
s e a0 B0y BB S B PR oY iRk i fases. The
Sitthedsoindt Hyeteine atebr®sd hercthr alldvesa thb a:nr1@0ﬂtm31551a1 oh20 it is in
m cronet the relative size of t sl
nfe DL B0 it RS Ml E i ideR D BR it postrate
allow for the curing of material while it is in
Tlonhetb ddsvent] Ry dahshdesdribetl @arteinr mayobe tishé wﬁﬂhék@%‘ra{pﬁti Erinting plates

Bt PR A Sty Bl SRS IR Heari s eyt ey be

inbexegigapbd evhpi ukihg Tgiptahfmehavittd digehdisrest of naaymeters or
si ze. wever, the %dvanta es of the netgods a

657 £ mel OrFRIGTOis 9 Plel e £b g RIS EENSIRREST 61 rf SR hiE alates having

Ré‘t\ﬁfe@ it ldtdbEdidlbntbRRN$$ ﬁlﬁbréﬁletérﬁ ome§§ @ﬁSEE@JsSieQﬁlbb(ﬁﬁlSe g.,US
10 mcroneters or | ess m cr onet er

Pragiiongl @%ﬁ@ﬁh@élowsﬁf@swa@/%é 9f78:a?115‘|ﬂ§d5 SOLNENZrAFSSTED

BEetSine0 0P FLEROURNIME BUNTONG B ISTHR Y0 PRk @Svsky, et al., filed
described in, e.g., US Provisional Patent Application’

@pevica datrberepoh.gpBcoapplicatian fis ipequpersicyl Yerrim bassprsgEDn its entirety

N R S R A s SO

apELLcatlon is incorporated herein by reference inits
y to the extent that it does not contradict the
di scl osure presented herein. Definitions Al

ARiselhtiffd £1dxBehni@CRALSE Med tHRFAB h4i8 8feadl BIzE tOMBYI® used in the art
meani ngs connnn%¥ used in the art unless otherw se

ypee oficese spreligefTha idefim s g eddey e faitn 25 igatg gnderstanding
§8Gthih t@E uMACRIGSEANHeREh 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
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
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of certain terns used frequently herein and are not
nmeant to limt the scope of the present disclosure. As

waiz@dosnssei n, "fl exographic printing" means a POI/HS2007/083322

printing using a flexible printing plate; i.e., a

fl exographic printing plate. Any material that may be

transferred froma fl exographi C printing plate to a

reci pient substrate nay be "printed". As used herein,

RateRt 8lal AbomprRe P QildA EdhdBAAGySA cSﬂH&Qﬁfst H@%l@e‘ﬂatdlép%rsed

capabl e of being transféerred froma feature of

fusiesudest aptie kpinithe sohngnpl ate to a reci pi ent subst rate.

Amat erial may conprise a solvent, and various

AOIRANRRGS gﬁl"ﬂ%@lrﬂéﬁgs a‘iiko%@s% f'of %grdeﬁﬁé B?Q%@a@erlapr Thﬂ@ally, curing

like in the solvent. As used herein, ‘curing” means

i@f%t@s@,crwmaam&rhnhgg withia theamatetiad) A “pyisbleamaterialdhys rﬁfgrs toa

kL1 SthhOmb P He OiRS gy | sUfbkot & material may b

nag{eerlta% rnA{’]Go%ur %‘{Agdct:@t%er){ aﬁg 8 gcsr_wgrsepﬂéré to glatefla e ‘e

pratiadlyi catedtdn dullynawyedo eAhesed dere, Wpﬁin@hﬂ_hws t'Preourgd” is a material
0; [ ed or .

s

teprlemcupaeddllyi @red aretldyr cwtd toh@tiali SApased ihalelny “cung @nvitanment”

Hlmeallnls thtg: en%fjl?gnen{e% 1%%&1 1t hc%trlnClélcrclung subsequent to

pre-curing (fht ne & partlally cured or fully

cured materi aI As used herein, "curing environment"”

fAeasd hetean, éﬂmiqgrﬂphie mrinfirg plhtct megnsrd ptigltmg elatshavir fegeds onto

\%ﬁié]?lrenaﬁ:g%l tIQ] %X& ?urelggo g %eltmn Ee&\l]ﬂglbgtra%e lt% e){ geﬁ%sqo(s)gdbgvﬁller%}nl tﬂgplate

birtae ﬁdaalrefseade tapable o€ defprmeing whaib sématieg Meyredipicok Sbﬂfﬂ&ad(,relative

wherein the plate or.the features are ca

Stk ap i hE e mi i ERe Ao B E B m g ey be o e

plmelt}ait tatebd ditadtfee o madll; e @nbaeioungng thge, beLslpéveattached to a chuck,

str A.f ahlc rinting plate may be a

?“Ic f‘sﬂa]%l%p‘fnﬁat&ggﬁg@é WPl %ed to a roll; e.g., by
nounting tape, or a sleeve attached to a chuck, such

As uwidthoreBy peatu(d” m)eaﬁR%( Eli{ed )projeuting oph At eszraphR: fitedg plate. The

her "feature" ns. a sed ecti.on of a

PRES Dottt B AR TR BR (d) 30 PhRh BE e St timords

a distal surface (or land), onto which material may be

A Sﬁdﬁeﬁdin, AR noiswtistiaey”’ encans 4 dibsteite mdnwhfchhmatdfmhmms&rable to a

ubstr ont a nmaterjal Iéer ab
RUGRLAE G S RGP oMy PR DT P b Ry beinany
ﬂblrra Qﬁh%ﬁa foPmia afan St Adras tomtataes. | For @ynFlQrddhStkubatteg may

@ transfer of material to a feature. For

il ety I dels subst rat es may

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,
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.,
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be filnms, plates or rolls. As used herein, "recipient
substrate" neans a substrate onto which a material may

wh2oopoeasted. Exenpl ary substrates include but BCEUS2ID7/083322

limted to inorganic substrates such as quartz, glass,
silica and other oxides or ceram cs such as al um na,
indiumtin oxide, lithiumtantal ate (Li TaO. sub. 3),
['ithium niobate (Li NbO sub.3), gallium arsenide

ﬁc@tﬁ\ﬁﬂyl rﬁétﬁdd‘:ﬂzﬁe %ﬁ@MQﬁwﬁ %og(vmﬁaa!agt@t%) E"@V@l@?)oly)%‘iflﬂﬁbutyral)

oxl de (ZnO, "al um num ni , Silic

S PVB&:' on Pﬂb’(qﬂﬂ}d e aeSjlataub("BRASub Pﬂl)’ (diphgaoNyehesphdzereo ni ((HRPP"),

RURARRNRG (T g B A (3roE) Y BT RpBRPRATLRIR ) o

b iyre spadyshylaeg ("Ll?i?ﬂ"yetﬂtr%@fwet é’ﬂ’ébht belyethe omplfone ("PES"),

I I aapht hal at y . ©S » "
RIS ePERRL oLy, BELIRGLURE g
ﬁlwidat(ﬁaVc(F"P\iéA@ét)/renp @hy pvlyetiylonet yulfide) agd Fh‘dBDléspt plast1cs such as

DO B B ac Rt ismmongeols ang anpipivgrgoe. Othr

fe¢iBien) subgedtas poold e giager( fidaR o) ens hing HoatkenNBickayably care is taken when

Richaey S ssaﬁﬁ%ﬁﬁer% w55 S 1B RbeE i GG berween e

{ubRE gnd tROhyefiat hane ("PUR'), polyamide ("PA"),
pol yvi nyl chlorlde ("PVC'), polyvinylidene fluoride
£ene .an ,yethyl ene sul fide;. and
Shitogbi. FRatite e e POt e G R, and tus
polMivaiideprepal by bt endienzgvazok Emasdopol’ybenzoxazol e.
O her recipient substrates coul d be paper, nonwovens
d ns. Pr r.ab care is taken when sel ectjn
Qe FATR s T B EBGF el St Mt st eria ot sical
pdp@tésaredat ﬁhé@pbctﬂ'aen(ﬁlwtmﬂtoﬂaamg a@nd bt hederms@lr dsaleingAsodified in

ed her conpr.i sihg i ncl udi.n are ysed in
A opaes data FRERtsA  Sher Ry ot dh e th e i iy, e
fugndiR@ANparaittl de ehrthbiat the Gbrebdifg tspetificAtion and attacUEﬂ eﬁﬁns are
ot herwi se i ndicated, all nunbers expressing featu

gipsezamationy, fhat e@n VAR leprRidnecuon dhegfsairad Rsepegiics qoy ght tOH@ obtained

@pﬁsge RGN irptﬁe & i1 tﬁ@tea&ﬁngs QisbRsddNidRist ood as being
dified in all instances by the term "about.

ccordlngly unl.ess i ndj d to the caontrary, the
Fiasen G amaiEead raneeepy Faffnowt% WC@H@ ?QP@@‘Eﬁrwbsumed within

tpashdd 6at | s apmdal taghed ¢4 ai BRo A, @n@gpar Y @dnig® WGthin that
that can vary dependlng upon ‘the desire properties

98%ght to be obtained by those skilled in the art
utilizing the teachings disclosed herein.

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
generally employed in its sense including “and/or” unless the content clearly dictates

otherwise.



10

15

20

25

The recitation of numerical ranges by endpoints
i ncludes all nunbers subsunmed within that range (e.g.

wdaae/oassscl udes 1, 1.5, 2, 2.75, 3, 3.80, 4, BCOHUSH07/083322

and any range within that range. As used in this
speci fication and the appended cl ai ns, the singular
fornms "a", "an", and "the" enconpass enbodi nents
having plural referents, unless the content clearly
Phatehiah &SbheigM se. As used in this specification and
the appended claims, the tern1"or" 'S generally
nployed in its sense including "and/or" unless th

é@hf»%ltle &a@alﬁi sprehle plabednge rREFRf Leandefas p d5e8re of %Qexographlc

]{%ﬂtlﬂg &flatEYayC HE %Qédemn%c%fd'aﬁ’ée GaRapd @ea@ﬁm}%éebﬂ%&nted herein. For
ransferred to and froma feature of a flexographic

axempte theympterl angygppmpese ps@igeblayede.cor dance with the

t eachi ngs presented herein. For exanple the materi al

MRYr#Q8RLdResRoCHEAP kiRt hRSERabld ok BShE oly¥iRrisdAP h&Fccthdical

resins that are capable of being polynerized by a free
meehieeian thefctarhestred hateinc Balupe aeizbietbied @esinsi deeivgs&rom epoxies,
féé{eks PBRSRLs! SR SIS XﬁgleﬁlEQE;‘ SRM R cORPMRR! Ehfhoplast

yethers, and urethanes, ethylénically unsaturated
@th‘p@\@ﬁ deving et lﬁ:@ﬁloasnoe@rbm ey Iptg esoupajsopgnate deweptivesohaying at
e |
%{?s@ ﬁg@é%nﬂgrﬁék ga(r?]e 3 0915J %80)%?’%2%%@&?&1'%}1& %CIE)%%)E/& ¥1§0§<16|§ aa\ﬁdr}gixtures
fmdrvembtﬂaa@nsahﬂrwfaﬂ@dempwyle@ is eyed hemexcb amoaempaﬂsdboth acrylates and
LM a
ﬁgtrﬁ?cr{_/:l% AL % X C8r50 arteg 3 di dscfr:% hacr ]}3/ e§c’ {)P §r%§jsd n%abele resins
ﬂHant may} b57lﬁ¢(850 c@%cdrms@lerders clnege sne xagHeesschfl as the materials
ﬂ? %“nkable resins that may be used in cube corner

%@' AfesPr ays and may be useful as the nmaterials

descri bed herein. Ethylenically unsaturated resins

Etﬁlszllenﬁddlybmtshturmxicm&imsi incladgdbgb Inwmemienic @rw\mdmdrir ¢d1m10unds that

%081 a:;lng%tn at rP?%ghé/ rro?ggn’ru%cp )g{gg ﬁce?rﬂfl ﬁog p%%g[ﬁd Sl sulf%r and the

m@nhmapbmuseﬂ)hy@en Oapgani dr mitgpezen atbrmmsor both bt@tglaneraﬂyepresent in

neraIIy esent her, ester ane,
ittt i Bide b e o ARG Mﬂé%ﬁ%ﬂ iggnpounds
pﬁ@fabrﬁmvya ARweuiar Wik laas thuehtght 4,000 4RScfélasly araOtdts made
qg and preferably are esterslgpde frog&the reactl?
%?m AP ERSHER o€ SRIMRPHI% Foatei et By gioyRpiphatic

ﬁdljf}@fiﬂﬁ)txy 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:
(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;
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pol yhydr oxy groups, and unsaturated carboxylic acids,
such as acrylic acid, nethacrylic acid, itaconic acid,

W@ 2@B/060864 aci d, i so-crotonic acid, mal ei c aci dPCHEHESR200TI€83322

like. Such materials are typically readily avail abl e

commercially and can be readily cross |inked. Sone

illustrative exanples of conpounds having an acrylic

or nethacrylic group that are suitable for use in

?gggﬁgggﬁﬁcghbgnhpe teachings presented herein are

i sted below (1) Monofunctional conpounds:

ethylacrylate n- butyl acryl ate, isobutylacrylate
DrRpediddjacadaty) he-bexapediehdjrcanntg) nopeitalyed)| diacryatat ehylene

gl§&ﬁ’caﬁﬂtry@ﬁ§ yﬂr@ﬁ@l’en&@}ww dlgc?}ﬂytk att@traeﬁl?feﬁ@rgdwo@f YhdihR! and

acryl at e, phenoxyet hyl acrylate, and

@E$W@ﬂ%@¥%&ﬂ@@wkﬁaﬁmhe (2) Difunctional conpounds:

1, 4- but anedi ol diacrylate, 1, 6-hexanediol diacrylate,

S ePsRivkahYSAlpodiacT vl ate, ethyl ene gl ycol

di acryl at e, trlethyleneglycol di acryl at e,

tetra thylene choI dlacr nd dlethyl

mng A4 Qﬂ)%ane angrl'{(og at%| yg M‘fﬁlf }r@ﬁ%(? te(z Om?alﬁfﬁ r1t01 trlacrylate

henta@BAIMOION Pe@RRRGd M | agaY! atig2- a%bb?l%&ﬁétﬁﬂh@é%ﬁhﬁa‘tee, Some
pent aerythritol trlacr%jate pent aerythritol
CRicPRELIV S exangplesf pther ¢ ylen1cally unsaturated compounds and resins include

§tf/ﬂe§e§, %llﬁ&n%ln%leo%ﬂﬁttbmgﬂé Wﬂﬁ%ﬁﬁglﬁde @Q’Jﬁyl yrrolidone, N-vinyl
representative exanpl es of er ethyl’eni cal ?

eanEdaciay treatoglbiprnlyrdls | and pelemicthallyl wetery dachs llsthélhé phthalate and
|
ﬁéﬂyl falmllp&’t@ Nhg Q{%;dgéf bf‘éﬁkbo&gl sud 4L ddlf%hﬁ@ﬁ% iy

pyrrolidone capr ol act am
yaIIyI and olynethallyl esters such as diallyl
ﬁ‘lﬂﬁtf?éll"ﬁteéa%ﬂ%ﬁ hiotapelyarigsior  inigp@rsatfitoresg bsrblended with acrylic

&ﬁﬁﬂggff(}él 1h&ud%%éj§>11§‘%ﬁ@ I?eﬁzﬁ\l nll\é't}gﬂ @lble&o@{c“ ]:%E%lg ®enzoin ethyl ether,

[flustrative exa eS of OtO ol yneri Zatl on
l?qmmm atseirrepl h@therc dandgen bﬁtOénfdla dzthm t btcacroprapberonarsiiang samine,

he [1.ow Rg: 4: j I nz
cg kz)f(IJI‘?l(r?{néSbe%d‘zcg na%et E%dlée?%ﬁéé%etoggﬁltzog?n ??ggr o%?f}& tfl1(eta1 )
heinzotyrlobsodpliopy] echae, 2t bydrotbeirmﬁtyém@heiyﬂmmamdr gne, 1-(4-
an1ne h nones h as eth \V: one
[i)/lphen)?lﬁlgrﬁyg ? me?hy(i]%ro%a n-l- cycl 0 zalx;éllﬁ?;ﬂeémf p RAfS-1- (4-
ineltphb]lmopﬂenybyldlmma(ybﬂQ e, MméthﬁthlmmEaﬁph%mnm oxide, 2-
| -(4- i sopropyl phenyl) ro an- .
el SSRBABI.P5 N N A ny P 0 e bis(26-
ﬁiﬁfe@bﬂ}ﬂeﬂﬂpl}@]ﬂh Jrithethylpéai@)plosphine oxide, etc. The compounds may be
é 5 He Ibe Z0 I-d|phenylphosph|ne oxi de, 2-
used individua

COITI 1mafti

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'-
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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nmet hyl -1 - 4( et hyl t hi 0),
phenyl - 2- nor phol i no- 1 - propanone, bis(2, 6-

wa@l2ewsnénssd benzoyl ) (2, 4, 4-tri met hyl pentyl ) phospPETES2007/083322

oxi de, etc. The conpounds may be used individually or
in conmbination. Exanples of thermal initiators that
may be enpl oyed general ly include peroxides such as
acetyl and benzoyl peroxides. Specific exanpl es of

it b
SRR o] b 4 BBl R MAOLLTRS, SAhAE i,
dmibbket@zobosacyichosplexa h'm@ca'imlomhme; dnd)mixtures thereof.
2,2 -azobis(2 nmet hyl propionitrile), benzoyl peroxide,

gaté EI o Pa P&&%e%%%:tgagérgﬁggngg&%q%t are 1}110‘[ hﬁlé‘g?g rt]o materials containing

¢riosy land tvarl Isthiey ifipstianey eroups, rmlﬂhyfi}ebmase]db]ean@e nhese systems are
t.-. i rt-

e R R G

hydr oper oxi de, dicunyl peroxide, |auroyl perOX|de,

Meicreletmay dgd domprrsd,a gdicas sidm splvestuinf whieh thgscomponents of the

ﬁ?ﬁ‘tg{@ ﬁ@ybotxdgsggpg 8ibglér§edfsg:9;§m ?ﬁdysrkfﬁe ﬂw%%w&ff “3R%olvent may

hﬁﬂnwganmmgmmnmhwabwkph@@pﬂﬁﬂdﬂybm@amwbph@@phmﬂbmﬂapanwn
andth’lfiéhes lttlé]er e?l uid %E, Ie%tt”r CO%JI e%{n Era errgl{ mos eré e[rhe VISCOSIty
cl UdeE bl R et el al MESAAT nithg
mdosuyfaem cbnmom)olf tid hevenk Lam:h@tospaﬁﬁ@nl@ulmmtedan Exm;ylesbef suitable
her. ei pse s ar oi ni ti ated

SRR P OToTg, R tart Ry Py R ey Y S, o0 ibtures
a6y [Amgdandumos ablt &t ch@ib&f bfadlissolvaiyg, ah@@rsﬁlgnprsp@ﬁn@ etc. the
sol vent . ﬁ@ sol vent 'n gp the coqﬁgnents of th

TREIROPSTAY © %//“B‘éerm aypy il frdpableeds ﬂ@ﬁé‘ﬁlﬁ“@’&‘ Q§rS°]tVﬁ‘8 will
bd ¥Rd BEYhab e lﬂﬁa@éi'lal meremiy\&rmspw daes @FhoPEBHRRILE Generally, the

conmpound t hat does not appreci abl Qartlc ate int
AR of johventhyilk reags freim 08 ke YWMit ch e 7SS Wt 2 Wﬂa&?saect to the

RRRSLIRL oftRONALGIPEr ature and 1 at nosphere. The
viscosity and surface tenS|on of the solvent are not

specifically limted. Exanples of suitable solvents

Irididtiige. BRPIYSY OF X taE & ShVENy phouldheracyiy ey Ry pacaiy gl gemovable
bR AGatAL @un@@ﬂéﬂoﬁa}e‘ﬁ@ SrihtRy Iﬁ&fess OpYoREDH Hl'éteﬁﬁl that may be

sol vent capabl e dissol vin di spersin suspendi ng,
ared whepethe d]i*ﬁﬁ‘%fﬁ‘él*ﬁt g qoptagthwit 9@rth%.|feam§fy Og@e (flssegraphic printing

ﬁﬁt%faﬁﬁ aRl r¥61P1%n§§ﬁB§tfa@é eRteuABRUMteref 1531‘51]6%% by Wielblvatd€ material at
used so that the naterial can readil 3Ispose on a

WomdemBepfyTer dtaé tenpsTEtTeN 4twhlqhhféexaﬁl@nln@ pmtlrgd}r\mmes Wiel darried
sange from60 to 90 wt % e.g. 70 to 80 wt % wth
respect to the total weight of the material.

Methods

Exemplary methods for printing a material on a recipient substrate using flexographic
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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In addition, the solvent or m xture of solvents should
be actively or passively renovable fromthe materi al

waiznosmepsed f | exographi ¢ printing process to proRUES207/083322

material that may be cured when the material is in

contact with both the feature of the flexographic

printing plate and the recipient substrate. A curable

material is preferably a flowable material at room

LBURRS 305 © AQTshdlbvn if THIET 3t WeSetBd Mak/bcﬂanﬁér RRPFaPAGeing the

printing processes are carried out t hods Exenpl a

vreEPoeRnicnbin the gvirpigena wiverte dird radterind isdn certiqy wéth the eature and the

Asle n

RUBRh B GSr D00 LFEARLAR0 Gl "I Gl AL AP P fducing

mebgndnto Theecupeg brotkodmpitcted in FIG 1 conpri ses

transferring a curable nmateri al fron1a donor substrate

ARy Anb &AL 4R o CroPlcly gl

Tﬁé cE‘?abﬁgeﬁﬁg{ g?\(%p%?sg{ ht roans erred r%olm E%QOQe used in

degerdence vith the rreathqols elmcrlb@rbh@rplat g'of £20Yple, Thecapretadwtion may be
0 t

(o APl GRCRER o bR ey ML SN radiion may

bewkedi Bitdwo SV atleti¢rli3 (D}ed Asnasrhnnmﬂnsuahleﬁd) @clud¢ atpheto initiator or

a{nt:"he nel'%t 1m%1¥1t ! ﬁrré ttheeﬁ{rlllatr%gla rTctreolnf’p% Wﬁedu%{ Wﬂl be tug er%lcg edn that the energy

mrdeamtl bm;iohmbﬂnael duelathar ematad chdrgy mld: bpleﬁ"aitws tt[bSlirB alteematenal

i in the c enviro nt can b

W 0 poniit, SHE R GRY POGER THPET MESEH g Sxshple, if UV

R0Mii61OR rﬁem to of\fythk mvmap thef subdtfate, deyek@piesly tiegitiay glate and
t he be used i cordanc

or cur teri C W th
{eﬁf@rw %apa é@gﬁlﬁixs%raaﬂ% n@%y 12y g PeRsiZ i ¥ Ul ggghiption so that
tha GhBdtioatali®dach ehUSeEridIOvhdii it hsaﬁlecoﬁfa@tswh bBkl R faMtdr&lamd the
the material. Alternativel heat or UV radiati on nmay

bstipse gl heat itesed. the ragpigng, %étlra}t% Aay e gedgpted erq%(ytrg@fer of the

AL FRINe tHe Fedtire (Y ER RbRARLY thitithd ﬁ‘lﬁ@flal%a}abé g‘lﬁ&f"@hen it is in
initiator in the material conposition. It wl

¢omtnet with dgthy thatfeatiye aad dpyyubsienie. c ©ther| Hossllitigs sqr@ Ie@m%ne 4 and
1%5!&‘1 g a@%tmﬁmbfetb‘;%&@%f&lfumdléarpe effective to cure the

't 1s contact wth the feature and the
reC| pi ent substrate. For example, if UV radiation is

s gpvingndilbe 3t hemethad & flgrosrpiec BiNEE Megyecompise removing solvent
fbh %rnﬁb@ér aY@iklyos&h@n :Pﬁdnrdf LGl f%tp%(ﬁ@ga faatiy ﬁﬁterlélr@SO) In most

per haps the flexographic roll, my penet r abl
tohes, @\Peasbwcatwroﬁ thsofeat willhe rﬁra@i\reétfiocha maﬁquaﬂeoal@hwtt material

ﬁﬁogeﬂ{gd \Mﬁ§ rlm'o&ln ot ﬂlﬁrecc?&tel%ﬁéd %ﬁrﬁqlgostunaﬁlg ?orf 1%31%915@ 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
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

material may be precured as described above for curing. It will be understood that
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substrate. If heat is used, the recipient substrate
may be preheated prior to transfer of the materi al

WO eaR06ased f eature to the substrate so that thePCERUS00H083322

may be cured when it is in contact wwth both the

feature and the substrate. O her possibilities are

envi sioned and readi |y understandabl e by those of

skill in the art. As shown in FIG 3, a nethod for

ﬂ%ﬂe&ffﬁig P Raferil W QG TRY SO0RL B8 %@Rl\éll? %u%@'t)&ei% time the
roma material disposed on a donor substrate to

prigddccemss ae gotect vatheth sdciian8Oybstrata. s tmashpslefyrthegtcomprises

L] -
!raﬁlgﬁ}rn‘%l tﬁ@}?l{eé&?& Bgte{% ?rongloég%{ ?e;elfu %feol a nrag Sl:itggps\(l%% )Sii(ﬁ ghv\id’:curmg
be pfelﬂumdeln@iemé Iwdiple thet feeawmicd) retesial i abtatdcowith dptbvthanfgature and
he material nay be enpl oyed. Solvent may

% recgjrlr%l\t/geé&?%t%m the material according to the

teachi ngs described in the aforenentioned U S. ' '

Prolli i onderstdglt at vappsb isteat ipoheiBed imFIGS. 18086 Deoin@mixed,

B BB AT S PR B B LI B opren

¢dntensinrted @sing anesoemphta i 40) neFHe@ thaor bef dpehaigp zﬂ@hheﬂhods shown in

Pf(%§%l 4%, }Il%esterreot qgn%’ovcl:r? rol(l\§e% frto%l%nnsl;t?rrlarl Iorrll donor sugsl%ra% (180)
B A Troma donor S eat’u

$hoex g FEG mayplsd priformgedplidt the (mEMOYs shodn fxr EIGB. |2mydt4l;1 extc.

material transferred to the feature (150). The

mat eri al may be precured as described above for

curing. It will be understood thatprecuring the

material will result in a nmaterial that is partially

Systead by the tine the material cones into contact with

the recipient substrate. The nethod further conprises

Tﬁ@ﬁ%gdsr de@&ﬂbteg GbRlecSal rb@ %aﬂi‘fé& %E\f @ith faﬁ)p gﬂl{abl% ffe%@ér%h@c f)l‘?ntmg

arec:lplent substrate curing the pre- cur ed
syateay iExemplaiy féexpgraphpe @Lsmns @dd paeponprtd therpof syiteldpfaearrying out

f c t
A Do B8 RO DGO Ui
fak @G8m aterigh @2 evill ricenseil Xed ponvnmeltochan@d}bl@m meggrial that
(feqamgorlsglssa @ scog‘eﬁ !(t:) ﬁtn%?ntr';? é} é%l)érglr ne‘teélra]l\[:anr Stn?ren gl fnf d? % IIP glould
% Gadeﬂstmﬂythhle(l}imaierleleZOOthsre 1mltﬁﬂlblaﬁﬁ)osd'aloum ai donéil %stra?oe may

and 4; t st.ep, of NOV. a solvent froma material .

Sl SRR o bETR ) Rl e Refhet Ausivey
e heteran226i frivr tdeanstet toadBateld @M flexo ghpES. pridtigdslatd 1o produce a
curaﬁole S\étenﬁn‘gn) 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
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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The net hods descri bed above can be carried out with
any suitable flexographic printing system Exenplary

w0 b@goesephi ¢ systens and conponents thereof sRCT/HRI087/083322

for carrying out the nethods described above are
descri bed below. In describing the exenplary systens,
the termmaterial 220 will be used for convenience in
descri bing both naterial that conprises a high sol vent

pl@ﬂ%%fc%ll R iCHLARLR PRE odthe @Rthr RUKRUEHI A such that material
material. It should be understood that (i) nmateri al

mmhén tranplieired [fipmdilenon sulbtiats A 0dond feasp 200 afen fraxpgraphic

]gr i"‘a(?e ?J u'hle)’sy& Wodh %gplag(!l FRP'SA( hfrt)nelslghﬁ(‘f L l%gl\lup roll
actively or pas S|ve frommateria

Imsmooect reiatisé &y flewgaphieatil 280 cslﬁchathﬁtl rexegreaipfi wackup roll 240

%Lapg l‘[d;%ﬁ)go %tlpﬁw rgﬂ%ﬁqy%%ggle CHY C%E ul %g& \Hié’nlt %ub&trgtleliSb dto move

lonwedndlckeabphieroddo émd/bachm IK-)H 240, aP3Qink rrmfaézmetd bt eransferred

he ci pnient. substr.at C
IR SR B pRORRLA R @88 he Ry B0 il kG, spoigguces
fwar bidkex aglisap4iAg ZngBnp(bsli’tg)ned eelatlivlegato ﬂaiog?phﬁhellsmt @aich that
1000 co i se or strate con
Ot DL Pkt SRR, SR SR Wit e ean e drh B capable of
&lulilﬁg Feigen? 9Gbstrdth ezse Y& bt bORQer ﬂs;ldgﬁb@ﬁlca;olﬂ 286 @gd BRRUE rolls
230 configured tq attachably receive

%40& &é?%fparﬂomgr maeiH 2P tade t@sﬁerrﬂ %%agf?aéwﬁ.%‘) (o iPHptinggplate
moat e 280 may be attached to flexographic roll 230
using any suitable technique. One suitable technique

ncl udes chlng fl exo ic plate 280 t0

@%@S%&ﬁﬂ ph Su%r@tedggﬁ‘g‘f) Qﬂ%&ﬁ 08idgeiciey oG agpivde in the
foﬁhlof?e%ndess MRVERbIR 23, 2o, VERIOND 246¥ nthNBTatcSaHRST thatBspective
210 such that material 220 may be transferred from

o axey 0t that @lipdass-t oSugh iektion ellowgp nsinting miass 3§ Atpched to
ﬂé}dogltablﬂg &l Qﬁ(ﬁtoz&gtact-r h&teaysoMnd QR E8PRiL kb ol (Grecipient

urther includes a backup roll 240 positioned
yubpteat 280.t oSychesedrgion phioc al@Ys) reediens webstietga Sty difvat between

ExoBRBKERoIT 20l and dhstrt R 249, 30AT hﬁgﬁ?graphi c roll 230
ﬁxog B Eﬁé of agausﬁﬁg reé?plent substrate 250 to nove
bet ween fl exographic roll 230 and baCka£}r0|l 240

T wierigl 098 deristad IDBIGXS elugesanissarcie 300 fop hoysingrmiterial 220.
g@ Qﬂ(ﬁlfé B Q% fomﬂespibaﬁt(%ts?c%gtral B@i@ aﬁ'd’ %‘ia%% %&r@cﬁ“@t ﬁgtehgl 220

B i ncludes two backup rolls 240A

@dgamﬁfp@msd) faloasibptrate 210] eoyrvapht wilt bE IunQQSSO@dJﬁﬁt n¢raly any
1?5?&68&“&1@1 Lseﬁ%’|6 P()zsggla'te?la?% t&%ﬁﬁg 18l 340, iR 1ddthe

exographic ro ausli ng recrpie
diobedtmgtaed RB0coatngroNiexdgetpiveanl] 2@ xo ghapHlegographic 12131(6 280 may

& gtta%ﬁlgcb YRalef lrélatc’[ive to inking roll 290 such that material 220 is transferred to
feature 260 of flexographic printing plate 280. In the system 1000 shown in FIG. 5C,

for example

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
energy source 330, 330A, 330B arc shown. As shown in FIGS. 6 and 7, energy source
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240A, 240B, allowing material 220 to be transferred
fromfeature 260 of printing plate 280. Fl exographic

WO 200B/0@B64 and substrate roll 240, 240A, 240B de@i/vsma7/083322

in FIG 5 may be in the formof cylinders and the
rolls 230, 240, 240A, 240B may rotate about the
respective central axes of the cylinders. Such
rotation allows printing plate 280 attached to

ij()e K220 ﬁ%i@loﬁ&ll éuclg ﬁgt LRitc® @ﬂe?g}t cdRBRS tn@krid 4hiR %térﬁ? QZO 18

transfer materi al to recipient substrate 250.
motoatacopith both &Mum/\é@r el pitmgtplaie 380 rad éeczselttsebm%ZSO If

OFRAPSTybaSSRUARILE AP Aane bl ot i be BB
iraspareie go alller sdativoity aBOQ Cﬁomgt bb thsi rngelmeemém abf ea@se iAgvill be
PRSP 0P bRl OSSR b PP o S8 g
tatcdd rix20 asubstmadoetaé’tl\@uh blothefognre 260 andl [rbcifientwobleragt 260d For

SbingBt R P51 EAREH pREFH ORI R B v

sopdrifRgogiphio 0112304t dépictedih #XGEr @pl T, theadybtedS G)oootmay further

vvhlchflexo i C ate 28 ttached, ratat
s e ORI o sheresbo Al B et I donie' Bypigroto the
locas fckede tntutdrRBisuias RHE1 abmfthexagrars & mé iremiplﬁ@ substrate
| ate 280. In the system 1000 shown in FIG
oefagilifgicycusiag 19h dhe' pateyalr 28p At skongnin flGe 7 awyszg‘e 1000 may

&)n&lse L RERHY Bneegsa@)efcetssm forpre-B@ G thdRGkeMbIt2R0 qoﬁelatedrahﬁer to

and B, material 220 material may then b

eEiRisat %‘P?téaéP 130 Rre-ewingr o thepaterial 28 cean o t@@bww pRisH! 220

%ﬁ%tﬂréﬂe?tlegsgg VRﬁfoﬁf}f 'tlﬁ&ntes@ gdh%%on Qac@ngtc7de51rable for transferring
f 1 exographi c printing systens 1000 h aV|n% one or nore

dpantpyiakBQritom g featuz3 B0, tO:BlBUBJIQIﬁ@ sybraie.25%s shown i n
FIGS. 6 and 7, energy source330, 330A is positioned

R&t6Hink Q@FIC?"@ bR RIS 230 t&%ﬁi@h mﬂe%gr%hlé’\@ﬁﬂe 280 is attached
mat er I al is in contact wt h feature 260 of

BEheWY. ngys %lp éleéongamwarﬁﬂ 23@ tqt%iwﬁkatlgm@sipnertseb@@t@ 215 feature 260
gé @Xxocg%ﬁfegolgtﬁQS 30’1@ tEf%al rﬁg'dﬁsﬁabs(eﬂ ,onfa%ﬁélpéuﬁmate 210 and

strate 25 st antrally transparent to
mhterlatla?dﬂ as iranfared 4 fowre @60 nY rodteriah @20rest ‘emoas, €22 @f sof¥fent has

%%B '&gn?ox}e& £ I:natggaa lﬁ? &S 151% fl 3703ha %elrg df}%ﬁbsﬁﬁg 210. As

ace any ocatlo Sul or curi
ﬂatogmplab r@IZZB(h@nnnues g0 rmate,ornlaam towectlbnelhicsmbstrfmalim matzﬁﬂ 220

nd [ ient.,substrate 2 For exa
uorse: e % tur %@ comes 1 to co %Cé é)vdt% ree1%1erm8§%ﬁ%ﬁeﬁ00lwl&/h1£e416ater1al
12&‘). igin cdntncFW(ﬂl both feature 260 and recipient substrate 250, material 220 is cured,

initiated by energy emitted from energy source 330.

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
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

-13 -



10

15

20

25

5A) or flexographic roll 230. As depicted in FIGS. 6
and 7, the systens 1000 may further conprise a

WmRGBOe8H | nf usi on appar atus 340 confi gured t oPCT/US2007/083322

i ntroduce nitrogen to the | ocation where the materi al
is transferred fromthe feature 260 to the recipient
substrate 250 to facilitate curing of the materi al
220. As shown in FIG 7, a system 1000 may conprise a

SRE ORI ETRY 19 ¥a B F6t RAABalRlly REfovitY dldoridiGe 'ﬁﬁ%ﬁﬁé 340 from
220 prior to transfer to recipient substrate 250.

fmer pubsirgig) 280. Qfvoursatiewillabe riorstoad thys aoye aprsragist far renzpving or
' 220 ' pr r{ies; ' [
(R Bl Pt kP! ORE i Pgfhre YA dobor subsirate 210,
whighgf esspiisigd tvhth mingrioA 299208 fendemed hatable dburasei2B@ ddditional
551 grigl%‘bpi ent substrate 250. Referring to FIG 8, a
exographic roll 230 to which a flexographic plate
280 is attached is shown. As the flexographic roll 230
Pbearsest widll tungerstoed Hatrthe cantysentaoieh@ tgiouf eatemsd 00 discussed
.ex. ' l. cont '
Bloubhn YhERRAEARTE B 1L LSy (AT RERT TR SeleBipbpdr Fic. s
6 oG T med itaudeaatolvcet R60vallapparatue32Gbr 2BRde 810 as depicted in
j e.q. 1f.splvent h en_renpyv rom, .
MG Bieodu LT BRI gr I TR 2 Bl shown as
Snbatpiat & RIGS. SASSB,|aad g8 mpnbeinrtid forr2 830a eudintrianavdsd toa roll, as
ot at e ive to recipient substrate 250, materi al
%Eff?ediilggiéégswbﬁ“qéeature 260 conmes into contact with
reci pi ent substrate 250. Wile material 220 is in
contact with both feature 260 and reci pient substrate
250, material 220 is cured, initiated by energy
gRiigG fromenergy source 330. Referring to FIG 9, a
Si ée vi ew of anot her exenplary flexographic printing
system 1000 is illustrated. FIG 9 depicts a system
AQUOroHZarpgigplic uhtingrilate evip edpaiap parerctibed3nd)S Rpfgnt Application
487" Aty's SORAYTD OfeuhRIDYVI-G0L SRNYSISIETA MBUBSAING  OF
on donor stbstrate 210 associated wth inking rofll
RIOOX paR ABELIE RBISYING PEAERP| @MikhaibPékuadybley & el . Maed on even date
}Iie%ml a! Bzraig artﬁlé u?l eswg’szoreli)aqgcl Hd?akm cl OV\f}i}\r{l% icO rﬁlrln qa{‘fi%r %dmicro—
radiation aypparg Use® P'SPassrst®9 e $8Pven evaporarion
eplicreddingar Pisaaticepictire dBER 955G cd@nmacially ocdilable itoad@M Co.),
310. .Bl a 10 is.in contact with. at |l eas ortion
S8 R o e 4 rBne A irvEL Bt SR LI 1 hructured
duitsEd)gnd teh 2ORionBleadEeYREORI flexo@pistid plaeef(typt TIDRaB 16.35 mm thick,
tially renmoving one ar,_nore inprints 270 from donor
Elibetroed o s GoOTURTE AVHIPHC B, REBHS (GO [griop of the
ARYorafeak@titfact. OA frére MDNIURY tHRIC Y REIUR ipRg: WAkRkb&Ked tdT8Y rtBation
used, Once inprints 270 are renpved, donor substrate
télg_(@l’gh 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
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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15

which is associated with inking roll 290, is rendered
suitable for receiving additional material 220. O

weowseess4 W || be understood that the conponeP@BUSF007/083322

the various systens 1000 di scussed throughout this

di scl osure can be interchanged. For exanple, the

system 1000 of FIG 5, 6 or FIG 7 may include a

sol vent renoval apparatus 320 or a blade 310 as

63?194'119 d§ 9> iviloFbdam 8io) ﬁhn@q)qftfcle@ ng s N"N binRehy¥! @%faﬁﬁ@@m%
that donor substrate 210, whi is shown as a [ 'm or
@Pthmylpwpmr@strmmloxmlangm @-anwtaﬁéfthrﬁOktﬁéetfamcmlm (PETA)
AR s ERRATER. 2 ol B Eou S IRAL AR L1ofb Cotcen s side
I dipapgthgas 098 suatirbpet mmutgSrorathe PO6 Apgbdat aculufaml i8dPAAPRS wt%

SR BB BRbeh R aDitre” DR ARy ves

ttn allled by hedl ionhelger ddatecdee aedibt rolBd ioefol ayglednhgtaspklidee The

dDb | il havi
A0S, SHEPRS Boitonkf g, s T it D UoBietggyrg gystem
@@gmmgmalz()@/ Myl [#abb e- OI cHiandiiafsa. Photonedsel ke d Jdpanad ines that

Ree smotho S OSTRbbvIF el drd bk Ve R s | Siragere

adGYREeLpadedf ippraahaphi 0 plicbm@etéd yspert THRiBe 6. ghalldNline pattern

thick, wi.th renoved cover sheet comercially

wysiratednyith the gigresiaiig imese 9f iG-dhe top of the

m croreplicated surface. ﬁ#ter 15 hours, the CYREL(r)

Phat emwﬁrlnemmsgﬂef IFQEWGMEIU PRINTINGU ghTm SUMN@CDEJRING
repl | il pr oc requi pp.

T RBEER Y - SERS RO Mngordmomenbies VB GHORT sppreciate tht

EsHhd Lo thdYRhar?@BOscVdd dsbdhre chbiRiondd. PR @dIdBd BhYodments are
fpm The mcro-replicated flexographic printing Plate

%en‘teﬁefﬁr guiPstehed ﬂflpsérlaﬁl(quéndBEpi gation, angd, dhe present invention is
R GEQsePby Gatethdhaxoaraphic printing plate was then
attached to a 12.7 cmdi aneter gl ass cylinder by
fl exographi c nounting tape (type 1120, commercially
avai lable from3M Co.). Athin [ayer of type 906
hardcoat (33 wt % solids ceranmer hardcoat
di spersioncontaining 32 w % 20nm Si g 2 nano-particles,
8 wt% N, N-di net hyl acrylam d, 8 wt % net hacryl oxypr opyl
trimethoxysilane and 52 wt % pentaerythritol tri/tetra
acryl ate (PETA)
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i n isopropylal cohol (I1PA), 3M Co., St. Paul, MW ) was
deposited onto a clean glass slide by dip coating at

wW@208/06086£r s per m nute fromthe 906 hardcoat BOI/USI00TI083322

in IPA (25 wt% solids), and then drying the gl ass

slide in open air. The flexographic printing plate was

then rolled by hand in the |ayer of hardcoat and then

rolled onto a clean glass slide. The gl ass slide was

nesiit boped idi rectly above a light fiber of a UV spot

cure system (Lightingcure 200, Model #L7212-01,
Hamamat su Phot oni cs K. K, Japan). Lines that were

bxpogeiethyd fojdlexngranhigiringag, éO@aw%g and had a width of

appr Qfﬁh%ﬁ%ﬁ cBrable GERHBE £6:5 2R WEHEraRREE EDture of 2 ﬂexo raphic

approxi matel'y 50 mcroneters apart formng a parall %

| i ne patt@fipignladet rated with the nicrographic i mage

of FI

PRI NTE tgns fmln%aﬁé@rab%gpﬁgﬁ%ﬁﬁlﬁ%%%%%%f %@é@%&gﬂ Témtmé plate

disclosedIOEh@mSMIﬁmedﬂmﬁndhe art will appreciate that

enbod] '

The. dvEF b2 ot t8Hn; ARASALATHASHE S S FYh ShRlaE R

of il ust bathitimfeatng andthelrempit@tsularateand t he present
invention is limted only by the clains that

follow What is clainmed is: 1. A nmethod for

2.1 exogrnepilod acqbrdiﬁg toretpim d OWireis ithegfeattie @nmpéder b geral dimension
urablq mat er.i al om a donor substrate to a feature

of a ¥ é?ﬁﬂ?@ﬁﬁﬁéﬂk¥?nting plate; transferring the

curable material fromthe feature of the flexographic
rintjing plate eci pi ent, substrate; .and curing

the rfh ?hpgﬁcqor#&%g te&[afrﬂd, WhFFiP GHRENC WRTCTid) copprises exposing
natenh@ﬁmkﬁdu@mﬁggxact wth both the feature and the
reci pi ent substrate. 2. A nethod according to claim1,

wherein the feature conprises a lateral dinension of

45 M LhRIBH fESrdig th@R%m 3 3whdeilRLRM e ARGREEIN S én@rg‘}lc@hlmlses
1, wherein curing the material conprises exposing t
nateﬁV@%Hﬁﬁh%ﬁ@Egyioﬂbe%Pﬁ@ﬁﬁ@@ according to cIa|n13

wherei n exposing the material to energy conprises

5. A method according to claim 3, wherein exposing the material to energy comprises
exposing the material to UV light, and wherein the material comprises a photo

initiator.

6. A method according to claim 3, wherein exposing the material to energy comprises
exposing the material to heat, and wherein the material comprises a thermal

initiator.

7. A method according to claim 1, further comprising reducing oxygen content in the
curing environment while the material is in contact with both the feature and the

recipient substrate.

8. A method according to claim 7, wherein reducing oxygen content in the curing

environment comprises introducing nitrogen in the curing environment.

- 16 -



10

15

20

25

30

exposing the material to e-beamradiation. 5. A nethod
according to claim3, wherein exposing the material to

W@2WB§08¢HNPri ses exposing the material to UV PCTH$2007/083322

and wherein the material conprises a photo initiator.
6. A nethod according to claim3, wherein exposing the
material to energy conprises exposing the material to
heat, and wherein the nmaterial conprises a thernal
initiator. 7. A nethod according to claim1l, further
conprising reduci ng oxygen content in the curing '
®nvi rometat agerding kit Brthericomgrising pregiriae thagurabloyaaterial
the f f& %rtﬁangf@&n%%_ﬁﬁ%a@ If‘rgﬂltthéfég Gl il regi 1erﬁ sﬂ@sttlggd
acco |ng to c erel n reduci ng oxygen content
in the curing environment conprises introducing

[, @GR L3Ry S0 Mk S U BT  B rMoTBE U0 o
accordi ng f heF CoRpr S| ng p ecurlng

cur abhaerimhtogprodice greicorableondteramhsf erri ng the materi a
fromthe feature to the recipient substrate. 10. A

nmet hod according to claim1, further conprising

rlenovA rgthsd hwaftting‘tb@tmira 1(’mmmréixakento@i@rsoldetue’rohhzematerial to
curabl e materia net hod accor to c

wher difiUCe GG eé‘fb"it"\?’é OIS A et e 6519'“%‘6 Phro t8 H&’és r of
the ok apitge fidtaslifddm GO TPidr SEStrite FdWe Rgnkdle sol vent
prior to transfer of the curable nmaterial fromthe
donor substrate to the feature. 12. A flexographic

pr.i ntAﬂonE,Va%h@"ﬂnﬁ@ﬁ%Jy‘s hN@mpasihd:exogr aphi c rol |

t
configured to attac abk%@recelve a fl exographic

pr i ntd fegogphierolonpligussdiy aachably siceive # Hexqesmhigmeinting plate

capabl e Ofcoﬂlgm £fht R f&aﬂfr@&{p@bl%f“ &4 Rkride® @rable material
reci pient substrate; a backup roll positioned relative

to the fIéX@gﬁ@ﬁﬁt%mﬁﬁﬁm such that novenent of the
back 'ﬁ% | roﬁ El)s@tﬁdn\é@ retleglvt;- 'Ebethg h%%gl?ﬁﬁ I?bl? sucf? Itﬂat hdvement of the

capa sing a recipient substrate to nove
bet ween t heckbacMUplatlm fo thanfdexo replfit entlog canpble of eavking & eccipient

al | ow the CI#L th Itoemglu:ﬁ beq\ive%ln tﬁeooagl?uptrroﬁm&{ it E‘lg)goggapgf;n r&lﬂ%

feature to erec
allow the curable material to be transferred from the feature to the recipient

substrate; and
a first energy source for curing the material, the first energy source being
positioned to cause curing of the material while the material is in contact

with both the feature and the recipient substrate.

13. A flexographic printing system according to claim 12, wherein the first energy

source is capable of emitting UV radiation to cure the material.

14. A flexographic printing system according to claim 12, wherein the first energy
source is positioned so that energy emitted from the 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.
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substrate; and a first energy source for curing the
material, the first energy source being positioned to

w@ 2208060864 i ng of the material while the materiRlT/US200T1083322

contact with both the feature and the recipient
substrate. 13. A flexographic printing system
according to claim 12, wherein the first energy source
is capable of emtting UV radiation to cure the
fater A%exo%ﬂphlcﬁ)rtﬂtl‘ﬁé Qﬁﬁéﬁp@c&dﬁfg' tO Ll 1§3ﬁ§{1§m(ﬁﬁﬁ}gfn%'a@gcond
to claim12, wherein the first "energy source Is
posi tneige dowes ohprecusine thyymaerial tthaiscPonsraneigs semes kpjng
sour
t he ?PS)SI égl th V\ﬂl@% é‘%ﬁ%l%%gﬂ%?% a?@%olrﬁéjg%%feggﬁthg ﬁlaﬁeﬁﬁlefrom
boththm@mmeabdmsammdnBW®naeC|plent substrate. 15. A
fl exographic printing systemaccording to claim12,
further conprising a second energy source for
pﬁecumﬂmggnmhmqmmﬂuggmmHMMGx¢Mganﬂmmmérgymsnmnméﬁbgang
p03|t|pned t:0.caus 4@ curl ﬁf ? nﬁ er| 1 %or 19
t r andPErECR IR JPREEI SPITEMISH'Y RECPEE L o8 % at fgHon whete
r eci phaaial subatfeaddefron the féutiirt @xihg Fe@phiin€ sybktraié.i ng
system according to claim12, further conprising a
ni trogen infusion apparatus configured to introduce
m.t r ogy@sxogtaphiclppiaid QiteiiesRdingtcedlaial 16] ﬁlrﬂléléb@ﬁlfpﬁﬁﬁg?éj donor
fromthe feature to the recipient supstrate.
f 1 ex oYPSH3IFiCOMBFUGH P ARFey & RIALBIR g atsalvemév% th?é the
furt Nedief® BRIIPSIADn A ARABF subdthgt rat e configured to
receive a material conprising a solvent such that the
material is disposed on the donor substrate; 18. A
fd exog 'ﬂ@ﬁ%ka&‘ohfc‘ rp'rlﬂﬁﬁg@'st%ﬂﬁ%%@dﬂlﬁg Ebocrlghlnl% EOth&d c%hfﬂlgiﬁg a solvent
further conprising a solvent reénmoval apparatus capable
of r €pBoYahaPrecituseaprabia rsmdrengielven faom degpdadidisppseden the
donor
i p oo o AR B o RHY GG R e s s
printing systen1accord|ng to claim 10, further

npr ti I L.

PP exoun st S e E e or b R IRE. ey SRpide e
wher dlarogringhid pattimg @laconpri ses a | ateral di nension of
| ess than 15 mm

20. A flexographic printing system according to claim 19, wherein the feature

comprises a lateral dimension of less than 15 um.
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