WO 01/ 17793 PCT/ USOQ 01646 THERMAL TRANSFER ELEMENT W TH A

PLASTI Cl ZER- CONTAI Nl NG TRANSFER LAYER AND THERMAL TRANSFER PROCESS 5 Fiel d
of the Invenybem7¥s s invention relates to thermal transfepcpl§iiRidg and
met hods of transferring layers fromthe thermal transfer elenments, as well
as the articles forned by these nethods. |In particular, the invention
relates to thernmal transfer el enents having plasticizer- containing
transfer layers and omethods of transferring layers fromthe thernmal

transfer 10 elenents, as well as the articles formed by these net-hods.
Background of the Invention The thermal transfer of layers froma thernal
transfer eHERMADITRARSFERMRERMNTORITRES PLmQﬂzﬁmmlﬂﬁld PRANSEER DAYHRAAND | On Of a
vari ety ofTHERMAU URRRRSFERURROCESSOduUct s i nclude, for exanple, color filters,
spacers, black matrix |ayers, polarizers, printed circuit boards, 15

di splays (for exanple, liquid crystal and em ssive displays), polarizers,

z-axi s conductors, and other itens éhat can he forned by thermal transfer
i ncl udiﬁg, for exanple, those de £ fien patents” Nos. 5, 156, 938;
5,171, 650; 5, 244, ph{{y vémaﬁﬁeié&ﬁo tténﬁﬁ?mﬂ&& elenionBbhd Fidthode ofiezhsfinmg

5,593, 808; 5,605, 780; 5,612 795; 5,685,939; 5, 691 114,

5, 693, 446; dmrs&qm@hmmww@relbw@maswkmman@m founed b3 (izasmethads

97/ 15173. 2 lﬁﬂg )ar pness are
i mpor t ant fgcﬁ%?lgglﬁp)‘h%&eénﬁgﬁu %s?ﬁ?%ﬁ%?t@ e pr oc?uct. %gﬁgﬁ?iy?act or is the
si ze ?f ]Ehte mnmmgram&rplyemnmmdhods&ftmmwIa]lwraﬁsfnaheﬁﬂteﬁmwa?]s‘fm a given
anoun e i nes or other shapes are
transfégred ?ﬁ;ﬂ%&srg v&%ﬁtﬁ%a@ %n@%f%?s%e@mgﬁape depends on the size of
the resistive elenent or |ight beamused to pattern the thermal transfer

el enment. 25 The linew dth or dlﬁ;ﬁ{ por“nﬁlowmqu Qq, on the ability of the
thermal transfer elenent to a'rrsiev—e'rrergy—fge-a'r t he edges of the

resi stive el enentThe mhdn'mgjhtmkibmﬂla)tefseﬁ'methgmqbtrmvsfdelbmemtotafmcdphﬁmml
transfer elenent ma educed fer elements w

t her mal cong’ﬁE‘l %ﬁ&?@&{hfﬁéﬁpﬁﬁ'fm’} ?sva“%f’;e.prgg'l’fg’f tf“‘/‘gpf“g ﬁ§f"€b‘gﬁ’%§’fl ngs,

and/ or bett %kaﬂlﬂlgrﬁoioﬂfﬂtefbeﬁiacﬁﬂfbmkmaﬁﬁ 1 dgem, pélhtizers rpriitedirait Bsatds, | newl dt hs
or dianeters the |L1new dth 30 or anmeter can beareflectlon of the

ef fici éhcy Shsplays Gor erampte, fasid sl 6 Sirisiive AP IS NS MRS, 7555 PEOFPRSB0101646
fﬁg g; lm tnga;ag]@ girlﬁﬁﬁéiﬁd thif AR B¢ BrmbdBFthbrail trdf A HIAKY, @R AnfIEIHRe of the
described in U.S. Patents Nos. 5,156,938; 5,171,650; 5,244,770; 5,256,506; 5,387,496,
5,501,938; 5,521,035; 5,593,808; 5,605,780; 5,612,165; 5,622,795; 5,685,939; 5,691,114;
5,693,446; and 5,710,097 and PCT Patent Applications Nos.98/03346 and 97/15173.
20 For many of these products, resolution and edge sharpness are important factors in

the manufacture of the product. Another factor is the size of the transferred portion of the

thermal transfer element for a given amount of thermal energy. As an example, when
lines or other shapes are transferred, the linewidth or diameter of the shape depends on the
size of the resistive element or light beam used to pattern the thermal transfer element.

25 The linewidth or diameter also depends on the ability of the thermat transfer element to
transfer energy. Near the edges of the resistive element or light beam, the energy provided
to the thermal transfer element may be reduced. Thermal transfer elements with better
thermal conduction, less thermal loss, more sensitive transfer coatings, and/or better light-
to-heat conversion typically produce larger linewidths or diameters. Thus, the linewidth

30 or diameter can be a reflection of the efficiency of the thermal transfer element in
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process, new nethods of thermal transfer and new thermal transfer el enent
configurations :are devel oped. Summary of the Invention 5 Generally, the
present i nveMABA™P3| ates to thermal transfer el-ements haviRgFUS00/01646
pl-astici zer-containing transfer |ayers and nethods of transferring |ayers
fromthe thermal transfer elenents, as well as the articles fornmed by

t hese net hods, e dinent i4s.a_.nethod.of ki.ng_a rticle, ln this
net hod, a ré’gg%%?’g ﬁ?w@?’%’ai&hﬁ”ﬁ%%“%n@égdwﬁ‘ﬁgsa lss??'f’eql} ﬁ% ti'?’?’&ﬁg?'@ el ement
that i ncl udgsocess, new sdethodsiof thermaltrangfentnd Rsthemidd traies feletiehhiconfiBiratiens 10
conposition angl glgglq?stici zer. A portion of the transfer unit is thermally
transf er r ed ¥of8P% eceptor. This thermal transfer can be acconplished by,
for exanple, using a thermal print head or radiative (e.g., light or

| aser) thermal transfer. After ts;ansfer £ éhle bi nder conposition and the -
pl asticizer (in the portion of MO8 hat is transferred to the
receptof) is reaGehstally tipiedetdnvehBor Vetitésab tiRphsIdianEa eldrierts RadvRigel

transfer elenent that jncludes a substrate and a transfer unit.” The

transfer un iplasticizgrirqataning trapsfes Ialﬁﬁ%a’}dd})@hocké’f tragsferring leyers fioarthe thermaln and
a plastici zgfanithadlerdnts, 4oRaPAROiriCIes fried bﬁtﬂﬁ@c ﬁ&ﬁn%&sr i‘ﬂx@feﬁﬁw?sineﬂt ggrtion

of the transfer unit to a receptor. Yet another enbodi nen an article

t hat i ncl udeethpdnfmekingtag agicle. dn thiemathpd,ya receptar ischredght ingalcdngacewith The
thermal ly t ' QED |.tJ on,an .

pl asti ci zer Eﬁgéﬁﬁ%‘ver %g%ﬁ{té%a?ﬁg%g?sz%ﬁ%J Dsgﬁfjgﬁlﬁ)@%ﬁa tﬁ'ﬁ’%ﬁ&”@? agfndf”he

t her malQ y t compésitioncand alplasticizdrr drpostiantofitieetransfenunif i8 theetallyetrinsferned td1hs e
enbodi nents, _the shicizer i.s typically.selected to facilitate transfer
to a recepmf{ﬁoffg*ﬁ% 5%%2'?“5”6?%@? ?%’F‘?é&’a’ﬁﬁa B FREP P Ung Ry gy ass
trans: tion mml rradiative (@§., Ii?']ﬁ oflaséipthernk dlaﬂnsZ&CAﬁ’&ﬂtr%f&hﬁéEiﬁderﬁs anot her
exampl e, a plasticizer, or pl.asticizers can be chgsen to give the

pl astici zer P%ﬂ?s&f%iaﬂﬁtﬂeﬂéPclé“é}“éé%P?fPa%gf‘gF Hﬁ“s?%h‘ﬁ’é that [5tensterred todhe, ¢

| east 40C k&%ﬁoﬁ)hﬁﬂa&h@ly&ﬁﬁﬁe&ayer wi t hout the plasticizer. The above
surrmarg%of the present invention is not intended to describe each

di scl ofed enmbodi ABptherrmbodiment isythesmatiransfen plempentithas insluseeasubstrateand an, The

ol 1y haader o, 35k uisfe ufR B L et bisialet Mok WA ofifphpisd 'Y
Descr i pt i ona@lastidizer thataersgpable of co-reacting after transfer of a portion of the transfer unit to
a receptor.

T

Yet another embodiment is an article that includes a substrate and a thermally
20 transferred layer. The thermally transferred layer includes a binder composition and a
plasticizer that have been co-reacted subsequent to the transfer of the thermally transferred
layer from a thermal transfer element.
In these embodiments, the plasticizer is typically selected to facilitate transfer to a
receptor. For example, a plasticizer or plasticizers having a glass transition temperature of
25 no more than 25°C can be chosen. As another example, a plasticizer or plasticizers can be
chosen to give the plasticizer-containing layer a glass transition temperature that is at least
40°C less than the same layer without the plasticizer.
The above summary of the present invention is not intended to describe each
disclosed embodiment or every implementation of the present invention. The Figures and

30 the detailed description which follow more particularly exemplify these embodiments.



The invention nmay be nore conpletely understood in consideration of the
follow ng detail ed description of various enbodi nents of the invention in
connect i orwaiAvrred he acconpanyi ng drawi ngs, in which: 5 Fettsiobidsé 2
cross-sectional view of one enbodi nent of a thermal transfer el enent
containing a transfer unit, according to the invention; Figure 2 is a
cross-sectional view of a second enbodi nent of a thermal transfer el enent
containing a transfer unit, Briefesgription of the®Prawwmst i on; Figure 3 is a
Cross-section view.of a third enbqgdi nment. o .thernal .trapsfer 10

el enent cont a?ﬁ"'ﬁ‘ﬂ"‘é‘"??Hﬁg;"g?"°ﬁﬁf’?’f‘ﬁg‘8{g’g"|"8?"ﬁ{ °?8‘?%§ﬁ?‘??98?1?$ fi; and Figure
4 is a crfollowigcdetdiled desctiptionndf varibus sniboditnéaebfithélinvertion ih beinettontwignsf er
el ement cgntaining.a transfeyr unit, according to the invention. Wile the
i nvent i ontede m&d{w‘%mﬁgc%di fications and alternative forns,

specisf i cs t her gigfireNiay & cR3&BectbRIMISN ofbhY eMbodiindfidf théinlal §atbfa \Mentent and
w ll be 15 described in detail, It shoul d. be understood, however, that the

i nt ent i onceNSAINBE atrgngferynit, aqearding fodhs M¥ENtOR t he particul ar enbodi ments
descri bed. On ; iBfat | i [d%nitRdi ' EJ"’EfH?'qh cations,
equi val ent s, al?\lg&ae[cz?g%%g{siy-\ieecggﬁaal i ng aﬁr{dﬁmﬁh&?@é&i’?ﬁﬁ{an sco{)fgrcof t he
i nvent i oneleMentxohtathinprstransfer uoif, agéording tethe firvention; Enbodi nent 20 The present
invention is | 88 ' ' ' |t r,elepents for
transferring Ibgi e’f%\s? '?8%'2105?%%%% %&@éﬁfégﬁlE'ggéd}n@teﬁto‘{cfs%ﬁ%?‘al&?ﬁ%?er ring the
| aydi0s anelementi cohtamingeatiisnsfes unig, actording ¢o thelinventdorgind el enents. In

particul ar, t resent invention.is directed t thernal transfer elenents
PPth 5 prast i CFBR A8 AEsPsRoT Sises ofa UG FboEmegn s Termal Gaste 1 of

t r ansf er r tlegieitvonfainiipsd ®dnsten ufit, acedtding td {heik@ntidde using the ther mal
transfer elenents. 25 Wi,le the present,invention is not so limted, an

appreci ati on ofvhilg theduention isamenghle fq,variops,madificationgand altzenative fms; hr ough a

di scussi ogpegffict fiRredk RdVRIbREn sHoWt u;%ryt&*eﬁmplmemua&vaﬁgstm vt b _
"(nmeth)acryl” in a chemcal nanme refers to both conpounds wth acrylic

f undpi onafiesgribrdia defait Eshoad heundgrstepdrhowerst. faat therigieatioris apt tgdismitthe The
thermal tiQesidaito ﬁle‘iﬁﬁﬁ:ﬁlal‘ ¥inb&dimeits QevetiBed) SOfthe lcBAtPdry, ahdRikios 18t rat e and

a 30 transfer unit that includes at |east one plastiCizer-containing |ayer.
| n oper at f@er alhmpdifications, egniveleats; andrpltemativasifalling withinithe sniritandfseepeiafhe

t her mal tg,%ré-),;.j Ghiot! €Ment and the donor substrate 3 WO 01/17793

PCT/ US00/ 01646 -

Detailed Description of the Preferred Embodiment

20 The present invention is believed to be applicable to thermal transfer elements for
transferring layers toa recéptor, as well as methods for transferring the layers and articles
made using the thermal transfer elements. In particular, the present invention is directed to
thermal transfer elements with a plasticizer-containing transfer layer, as well as methods
for transferring the transfer layers and articles made using the thermal transfer elements.

25 While the present invention is noi so limited, an appreciation of various aspects of the
invention will be gained through a discussion of the examples provided below.

The use of the term “(meth)acryl” in a chemical name refers to both compounds
with acrylic functional groups and compounds with methacrylic functional groups.
The thermal transfer element typically contains at least a donor substrate and a
30 transfer unit that includes at least one plasticizer-containing layer. In operation, a portion

of the transfer unit is transferred from the thermal transfer element and the donor substrate
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to a receptor. Figure 1 illustrates a thermal transfer elenment 100 with a
donor substrate: 102 and a transfer unit 104 including a

pl astici zer WORWHYNHI ng | ayer. Other layers that can be i nBEFUSIMIEd in t he
thermal transfer elenment include, for exanple, a tight-to-heat conversion
(LTHC) layer, an interlayer, and a rel ease |layer. Each of these layers is 5

di scussed in detail bhel ow . Any of §hese | ayers ca e.forned op the donor
substrate aRdErePIy Ewﬁi#‘yst?%‘?s ra %Bfle't“ﬁ’éﬁloﬁé“f‘&% "PP%\?I‘E?t’éarteel enent
using a varjg %d%fﬁahﬁﬁmmﬁincwﬂiﬁ%bpm%izﬁﬁ@@ﬂﬂnipgla &:€ Otherl 18yepathht cain t he

nature of the materials used for the |layers. Suitable techniques for

-

form ng t hebg ingerparated dp thesthermgl transer glementdndudes for examplp alight-ta-heat 5 por

deposi tion, I} IN,: LA, I ' S;“@&ﬁ' f:i | m coati ng
met hods. 100#’?%%?; gr'f%ﬁ? Pyﬁrﬂae&@%ghs ’earnagr#ﬂf&ig ?igjleﬂ es a &g:‘%@t‘a selél ayers that
can be 5t r andifensseddn fetaitrbelor. Ay ofithiese layeseande fermedwonthe doner substraté and/arni t
can have a sjnpal Lol e d I ; ] | ayers
is a plasti éﬂcg}g}lsﬁ%g%%‘lgé }1&?’%5 EH&%‘%&‘%@%&%%@?}G@%% u%ﬁgétv Igj(?:el 8%:%}}51ﬁélgni ng

| ayer i s 15whighinagideyendpatiidastcn @alrt,wintthe smatir of the enaterialstusedfol ehe Igleesient to

f t er.i f the  t f it hat th .
bl st | i 3 or SUBRIAPSIEET o) oy tht U ohfJoL amRle, SieR FMLPhYFiSEle ot of
during trangdper depbifios, apmiefdg spif cokitgy, roldating) hnd SerflAtohtiig methbdsar e

typically positioned between the exterior plasticizer-contalning |ayer and

the sUfstrate. Additional layers ofthe transfer unit can be formed using a
vari ety of ﬁ*ghﬁtand configurations, 20 including those described, for
exanple, in U atents Nos. 5,156,938; 5,171,650; 5,244,770; 5, 256, 506;

5,387, 496; 5, 501TiE3mnsfer wiitlingades af 0§ e loee; the conbe FoBfensd Gom the thermal
5,622, 795; ; - ; - h

pl asti ci zer&%‘gge? 3@%‘?% ihg?/lérrl &%r;lm{t%gﬁtﬁéae%é& g}eﬁ%rt% r 5‘%’@1"8@%&“& Rﬁ lg?i% "%
bi nder conpfithese ilayersasal phastivizes-tontaigiag laydh eAtdelst oneqplastifizeraostaining layerdan

reduce  the softening. 25 temerature and/or viscasity of the bind
o odst 1 ondpisPoaflional i BHE Pl ufhie BemheiE Aemian Heriol SRR e e cept or
Al ter nat i vetrynsfer uni€lso thattheplasticideh ontalfing lager i9 bronpRShtooRtaét withithe i ncr ease

the interaction between the_pi nder co sjtion ,and the receptor .surface so
that the bﬁeﬁ@é?rdilaﬂ%gw?qroﬁgsm@gr%@ﬁ%‘@yerfeffﬁﬁg Spt & wRiFtice. The

bi nder CO"’gﬁkﬁlﬁoh&ﬂb&ﬂdmﬁh@&&&fdr%ﬁ@tiéi&-cS@thﬁﬁﬁgQ@eﬁ gnd thakubstitk Additianaf er ,
nde

t he 30 bi conposi tion and plasticizer of the transferred portion of the
transfer untayers gfthetragsfer unit san keformedysing a vagiety of siatesialsand repfigheationsnsf er r ed

| ayer 20T abfidink AcRE tosrlbddOR drathillifIUIY) Patchts KOS 19628l SYPI6d00 prevent or
reduce the diftuSion of the plasticizer to adjacent |ayers,
5,244,779; 5,256,506; 5,387,496; 5,501,938; 5,521,035, 5,593,808; 5,605,780; 5,612,165;
5,622,795; 5,685,939; 5,691,114; 5,693,446; and 5,710,097.

The plasticizer-containing layer of the transfer unit includes at least a binder

composition and a plasticizer. The addition of plasticizer can reduce the softening

25 temperature and/or viscosity of the binder composition to facilitate the transfer of the
transfer unit to the receptor. Alternatively or additionally, the addition of plasticizer can
increase the interaction between the binder composition and the receptor surface so that
the binder composition adheres better to the receptor surface.

The binder composition and plasticizer are selected so that, after transfer, the

30 binder composition and plasticizer of the transferred portion of the transfer unit can be co-
reacted to bind the plasticizer in the transferred layer. The plasticizer is bound within the
transferred layer to prevent or reduce the diffusion of the plasticizer to adjacent layers,
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4 WD 01/17793 PCT/ USOQO 01646 devices, elenents, or conponents of an
article that includes the transferred layer. In at |east sone

appl i cat i ows,01817H3 usi on of the plasticizer out of the trapsfpsfordsdsadyer can
harm danage, or destroy the function of other |ayers, devices, elenents,-
or conponents of the article. The plasticizer is bound to the binder
conposition by, for exanple, 5 copolynerization or cross-|inking of the

pl ast i ci zdevicesgelemerts; s tompanents wf amarticledhat inchidebthedmnsfevedlagert Imat For

exanpl e, thermal .transfel.ele t wth a: i cizer-containi,ng | ayer can
e oy Fase e Bppiicafib iR SFfRE plistitedt o e Garkfikect Tlef bt iy, 27T
The t her tmiixmJc igteaﬁﬁ%e{moylr thie gurretibn obothefflimrsi g'e\dcéspeléméﬂﬁ,@'&' c?xﬁﬁ@fcepflitolﬁﬂfet i o BI of ka
coO onen (0] spl.ay.,. uchn asg, I exal e,.a Co r | er, a acC
PR atclsy W plaafieiner i il 5 s ok GomA SR LY PSRRI of  Subst anti o
anoury s OotoptiaRMRELIGH GSdrdsilihRing of tie PI4MEEIRE dndl af leadl DhE EoRpbreaddthél ght harm

or damage, the function of other portions of the display by, for exanple,
di f f usi onbinder ¢popitignt j ci zer. In this instance, binding a substanti al
portion of thepg &sblel #8lermidlitBnifbCel&héf With bt dthigh sferred
pl asti ci zer-con‘tﬂ]al ni g”%g{/er can're.éuce orl pafﬁgi\{/ggnt t‘?n S rﬂé;#?@rﬁgﬁ%r@ damage.
A singl e pheddn thei formation ofiar elettronia displayfe.gal andiGI2 display). CEhe themabteahsferhe

astie ; . . > q
Bt abl e Someftultbeol RHiRh bfisas s pORAROE £ cortbordt S T Abuib P HAH foc 1o o
t he 1 ndeexampipasioldr dilter a dlaok wetnixg and/ow spacdrsi nintthis applicgtian jtiee fresehéenaf Wi t h
epoxi do. * EABRIRSAmoua of Uy legheizegin s Pl stedird e mlghgpart or @ ©
ol ef i ni c) damagethe fimetion dfotherpbiios of the display by foesdamiple, BFfusidRloPthel abi | e

hal o, 1 mnp, .¢carbony],. sulfqQn]c acid, and sulfqnic_ester functional groups
and any fBH&‘E‘?‘%ﬁﬁaf“ ‘é‘%sdmﬁd{m‘*"ég Eﬁ‘ﬂ’é@P‘é‘H pBT“"Bé’i? aled%]ﬁ:FQP‘Fﬁgw‘Flh bisder s- Al der

reaction. cEmpesrichor®ie thafksfertd Blaﬁi&éﬂcﬁﬁtiﬁfn% 1ayR¢ béiﬂ%duﬁié%;pi?&%m R aamhat es
(such as, for exanple, (meth)acryl oyl oxyal kyl" phosphates), 25
pol ybxyet Byflemagear y| et hers, esters, glycols and glycol derivatives,

gl ycerol and glhgioblastifer 42 dotfbinatibl bPFRARIANah BE B&C TR pladadikeres. and

hal ogenat ed hydrocarbon conpounds having reactive functional groups.
Sui t abl e gtrels 2 wppameric eligamesicperpolymericcompevndaj Svitable plesticizessinclude sel ect ed

subat ant i oo BBk {866k nd SinehBFbinfof e Bk coholifion SRWNE rBRUEE 0, 7o
t hat f or mfunctienab gromps ti bind with thediinden gorhpositiona Reactive functional groups

20 include, for example, epoxide, cérboxylic acid, hydroxyl, ethylenic-unsaturated (e.g.,
olefinic), vinyl, acrylic, methacrylic, amino, ester, mercapto, labile halo, imino, carbonyl,
sulfonic acid, and sulfonic ester functional groups and any functional group that is capable
of participating in a Diels-Alder reaction. Examples of suitable plasticizers include
epoxides, phosphates (such as, for example, (meth)acryloyloxyalkyl phosphates),

25 polyoxyethylene aryl ethers, esters, glycols and glycol derivatives, glycerol and glycerol
derivatives, terpenes and terpene derivatives, and halogenated hydrocarbon compounds
having reactive functional groups.

Suitable plasticizers for the plasticizer-containing layer can be selected by a variety
of methods. For example, plasticizer(s) can be selected to substantially lower the glass

30 transition temperature of the composition that forms the plasticizer-containing layer as

compared to the same composition without the plasticizer(s). For example, a selection of



conpared to the sanme conposition wthout the plasticizer(s). For exanple, a
sel ection of 5°W01/17793 PCT/ US00/ 01646 appropriate plasticizer(s) can

| oner the glWOIATdhsition tenperature of the plasticizer- PCorSen/iol64eg | ayer
by 40C or 50C or nore. Another nethod of selecting suitable plasticizer(s)

I ncl udes using plastici zer(s) that have a glass transition tenperature

bel ow room t enper at ur e bel ow about 20C or 5 25C). In _saone instances,

pl asti ci zer BRPFORTIHEE P%%”E"P“%G#ﬂ?“@f the giass ¥@f’;§’é’ﬂé§%"&'ﬁé’f€w@?éﬁmzeﬁ'he gl ass
transition Emﬁhggmfot@m%oémn&@r responding materials and

conposi tions can be determ ned using, for exanple, differential
scanni ng cal or i Another mmof sﬂhmlglsawleplmmn(s)mdmemm ﬂamclmr(s)ytbatcal |y

defined as res ctlve oi nt tenper at S. Tg=T

as defined P‘ A@h# f%%%‘ma{ﬁ'ﬂpggm g’p PR HE TenG ?f@l"ééﬁtg? tzgo 8P5cedur es

and prasctlczﬂgrwsdimnm phéstiel226) thﬁﬁr@ﬁ&iﬁdﬁt?@o?ﬁt%%ﬁﬁﬁe&ﬁrch&%ﬁ' gnment

of the Q3 ass ansi tion Tenper at ures“ﬁgéDl fferential Scanning Calorinetry

or Differential Thesglassitrangitiontempyratums the eorrespbndingmatetialeidhl s and

conposi tiong, |rst heat" MDSC

Gara s typredfduRs ol SaGhty S, ARiiled il 3BrblskBle, SielgpiftebBbink®CC | 1

(that is, 15&1@11:3&5&0)81!)1 The plass tRnsiterdtempéranee isitgpicatlly défiddd ds tikhespebive d be
itted R at r.es f . th terials are not

r ead Iey) ot SprEbipint %&é‘ﬁ&“gﬁm Tasderien naS MOBESG atot fferential

scannipg cab&einiBdd uéing thiSSeheralFbbedfes ﬁﬁdbﬁaxéyﬁyloomewxﬁ&sm@%@ T. in lieu

of conventignal DSC nethods. In these cases can be determ ned using

NDSC net hod6Sanderst Tastifethad for dsgermmeani of e Géasa M’f’% i W@Ww@yc es provi ded

i n for exa Wéwﬂ DSC
Corrpendl um eg%?ﬁér?ggég&a er %%Fﬁ;?y %anm erati o H%easgﬁ% {:
Theory ( TA- the nRYerialsrand somgosttmd atejselftseactive\nd (ol ao-ee#clb&qmly “ﬁfﬁt\hehB’B)

Enhanced racterization of
the Erfect SPSfulafis oty sndlby RO SRR 1) o R mitifinin ' 22" 1
addi tildn t ostegh o, mraﬂaef‘hnzeﬂnre”tsémopbﬁASTMBBSé@htnﬂcﬁbmrﬂgeHﬁyer i ncI udes a

bi nder conposi tj.qn. e bi.nder c qsl typically incglu esoeor nor e
bi nder resins. Tiﬁg’ gpm gFFBB%r ft&b H}?gq%laﬁ %%qtﬁ?fggyﬁ tRinable i t i ves
] mmamtmtnt eesssmetoatn sipns |
crosstim ngxet%gg ncatsz be %mg{oyef toa}n agurg Tmri)n ﬁeuoéfrlzlomlle%ugm? Ds%nmetggds I%Ciﬁesleng al ds.

cases, Ty, can be determined using MDSC methods according to the general procedures

20 and practices provided in, for example, TA Instruments’ technical publications Modulated

DSC ™ Conpendium Basic Theory & Experimental Considerations, Modulated DSC ™
Theory (TA-211B), Choosing Conditions in Modulated DSC® (TN-45B), Enhanced DSC
Glass Transition Measurements (TN-7) and Characterization of the Effect of Water as a
Plasticizer on Lactose by MDSC® (15-45).

25 In addition to the plasticizer, the plasticizer-containing layer includes a binder
composition. The binder composition typically includes one or more binder resins, The
binder composition optionally includes other additives such as, for example, dispersing
agents, surfactants, stabilizers, crosslinking agents, photocatalysts, photoinitiators, and/or
coating aids.

30 The binder resin of the binder composition gives structure to the layer. The binder
composition can include one or more binder resins. Typically, at least one of these binder

resins (and, in some embodiments, all of the binder resins) are polymerizable or
6



30 The binder resin of the binder conposition gives structure to the |ayer-.
The bi nder conposition can include one or nore binder resins. Typically,
at | east owe A7T®hese bi nder resins (and, in sonme enbodi PETYUSIO/02846 Of t he
bi nder resins) are polynerizable or 6 WO 01/ 17793 PCT/ US00/ 01646 -
crosslinkable. A variety of binder resins can be used including, for
exanpl e, nmononeric, ol igoneric, and polyneric binder resins. Suitable

bi nder regmslﬂcabie uéé’aF?FYtOﬁB‘“SW&S’!‘FW@P”%WE‘%“H&@" expinple, MoRPMERc,

L or Moligorilel B Soty iy el g RERAI kS iR lefiEind.

novol ak an esol e re yVvi ny utyr resi ns yvinyl “acet ates,
pol yvi ny| centsipimgdaysr inglude film-forming polymess; sugh as, f?f(ﬂ’%nleypmebc regios | ul osi c

th
copol yror LoEuhSolk snlidsb5iney saf oyt b A A Enf BeolBEL oL
- pol ysul phacetals, pplylvmyhdd:es:hlopdbsjpaiymlatep,cdeuuluhphihehssapd asters, pol ycar bonat es.
Di i ng. t | ar | f f t t f
the' | ayer pgelpeh meBSaift ol i sBpebmers, SRR s SWERT he| Lo, 1 or
exanpl e, vhsaslratediedins, ﬁﬁylyesml polisudyitivhes, potpimidess petyarhidey polysulphides, and

acetate)/crot OBI c acid copolyners, polyurethanes, styrene nualeic anhydride
hal f est ePODEAPORAtes( pt h) acryl ate pol yners and copol ymers, pol y(vinyl

acetal s), pol ybvgpeesingaaga{taba%)bermw fphﬁﬂumlyﬁsaﬁbhdme%&paﬁ&t@@tﬁ@ﬁ erNydr oxy
al kyl cellul ose "resins rene acrylic reS|ns nitrocel |l ul ose, and

sul that eeregwm;f@mpewe Smtab% ‘BW‘W@FFW ,fof n@ﬂmlwmybplﬂemdeémylau ni ng

| ayer CF,QQ n

bet vveen t receﬂotyéiﬁggjgﬁgwﬂﬁra ayers |n ﬁ@&lpbgn{efsgkabl un|t fn ot

enbodi rrenmalem arénygn@ssha‘lf:esm resing(meth)acrylatepplymess and qomlb'm#ess poly¢vinyil onaI
materi al s | [ ayer
beyond ad ﬁ%}g%}té&ﬂ‘“dyg %%e?%lsﬁandsﬁigerdr‘gg' po&?&%&ﬁ a0¢ lﬁ‘ﬁjeg’ ans Qﬁgyl&%@ﬂ}% t he
receptor. réihsrstymnﬂdrﬂimium;hnmeelhﬂme ﬂﬂsalfanqné@o]yty&m (e.g., visible dyes,
ul trgviol et dyes 0 ent d r.adi.ati.on- pol arizing
dyes§35 pi gnent Eé ﬂgygﬁ} he Z“ﬁ&‘?%’ﬁ"ﬁﬁ"‘ %ﬁﬁéi primgrily t“r‘%‘f

el ect r: Cahﬂbﬂxoﬁ@d}dﬂfdfaﬂﬁtatﬁﬁhﬁﬁmﬁﬁm‘r&mﬁe reeemarmdml layes :mmeltmﬂ’eﬁlt i ng
particles al.s 0S uor escent ticles;
enzymes; HP’écﬁ‘r%EF"&F%ﬂaW g,”@ag ‘azeéd’gﬂtla ng FYeéF}[s é“t?i‘ﬁfeﬁﬁﬁ'&&‘fit i cl es;

ref | ecti nenateialsithaEhdilitete ob prvitleracfundtidnig thetfafeeed lager beysridaidhirefice off 25

di ffusing particles; and &Eacer particles. The gl astici zer-caont al ning | ayer

may i ncl udhe tengierred portign of ghe trapsferunit $o the Taqeptons Sush materials inglude, for, o,
exany e, exdniilh, AYee(ell, ARIBIE UFE nRAVoRE BYRITH E68 ioRisbitfl @esL nd AdBfem Wt . %

polarizing dyes); pigments; optically active materials; magnetic particles; electrically

conducting, semiconducting, superconducting or insulating particles; liquid crystal

materials; phosphors; fluorescent particles; enzymes; electron or hole producing agents;

light absorbing particles; reflecting, diffracting, phase retarding, scattering, dispersing, or
25 diffusing particles; and spacer particles. '

' The plasticizer-containing layer may include a variety of different combinations of
materials. As an example, a suitable plasticizer-containing layer includes 15 to 99.5 wt.%
binder resin, 0 to 95 wt.% functional material, 0.5 to 70 wt.% plasticizer, and 0 to 50 wt.%
dispersing agent and other additives. Plasticizer level is typically about 1 to 40 wt.%. One

30 example of a suitable plasticizer-containing layer for forming, for example, a color filter
layer includes 20 to 45 wt.% functional material (e.g., pigment or dye). The remainder of
the layer composition is formed using 15 to 79 wt.% binder resin, 1 to 40 wt.% plasticfzer,
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bi-nder resin, 0 to 95 wt.% functional material, 0.5 to 70 w % pl asti ci zer,
and 0 to 50 w.% dispersing agent and-other additives. Plasticizer |evel
is typicall ywolssutzod to 40 wt. % One 30 exanpl e of a suitalpc/usoo/o1646
pl.astici zer-containing |layer for formng, for exanple, a color filter

| ayer includes 20 to 45 wt.% functional material (e.g., pignent or dye).
The remai nder of the |ayer conposition is fornmed using 15 to 79 wt. %

bi nder r esi md Oitot29 wiswispesipg agant andrather additivi®, OfdeltvansfarrB; The jaMficidétabd and

0 to 20 wt %_di ' t . di, t i : t f d, th
pl agt i Ci zergtgﬁpg‘%s&rf)@g’?‘?q’?@?ﬁ%&@‘%r?gﬁ’%‘gﬁ’f‘gg{"%:’%sg’?? (gf(ﬁﬁpg%@@%g%@f %‘nder ©
resin and/ oreacli Thiscotregtiogediibe, P exdnfie thermhilllySorGotfoeRdhically ifiateBe A f Or
exanpl e, thermally or phoﬁoch mcally initiated,, A catalyst (e.g., a

t hermal - or %&%ﬁe ot PS?&‘E"}“’%?‘ catalyst) of ipitiatog (4,8, a thesmalnofal - or 5

phot oi i t i apistoihifigior thit is @ossuHed i the FdAbtidn§ 84 BeqRdludedn BR viddeh tilsbsitiant Ne
bi nder conposition to facilitate this reaction. In sone enbodinents, the

co- r eact i ontoifacilitate this reaction. Ip spmeembodiments, thetocrerction is primarflpaent s of t he
bi nder corrpﬁoq' LoRbi readt ey &lnﬁ;% : | e ]
pl asti ci zer a%'hé%aﬁgﬁ;r cc??lrg’gg{ﬁ?? @ﬁﬁ%%ﬁﬁfg%ﬁ{d{g&m |Fllegﬁ @aﬁ#‘%%yas@/\%%g. For
10 exanpl e, alsonpasticipatesrbodi ments, at | east a portion of the plasticizer acts

as a chain ext APalelg ' the chain | ength. of the pol i C
conposition for ﬁ@%ﬂ%&%@@ﬁ??ﬁ%mﬁﬂﬁg@b{%ﬂﬁﬂg I vapigly iv??ég‘raﬁ“
conposiot i onexamples imsenerembodinmentssat lakt d gatidn of thoplidtioizendcts 3@ chﬁlhﬁ; t ijci zer
crosslinks with conponent,s of the. binder_ conpositiqQn. |n sone enpodinments,
at least a %@pFroWgEq“s’P%g'eﬁﬁ% iﬁnéﬁ]‘z(’é‘ ﬁ’ﬁ %"13@?“6 SPPRRERCR "E?ﬂﬁ)’o'ﬁ%‘ﬁ'@ off the
bi nder conp@e cérpohents of the Birder @aipositoR Of soine BmBBdines) dt Yeabt ¥ portiSofdhe
crossli nklngﬁgqa, ent to facilitate cross|inking between conponents of the

bi nder co izgh cragstinks,wilrompenenty,of g findes compesifionyIn seme erabadiments,i on and
the plasti GitI@kt: a patidrPdtitRe plhgiobr i KloBdinREER B mpBien KRR &iRabl e of
reacting with t_haep?s#él ves, @%her clggog%ents (f?“_lrﬁﬁeénﬁter COI&’JYDE%{@II)'[IO%

and/ o3t he Thsibirder eompasitiop optienslly inc ciosstinking agent tecfhcibitale. craBlinkings orre

St | T e ) UL y |
tranat or - orteis i Eomp e e il fer bolfpdilR uhbr oAb St Wipder " ™
conponent s ainppitioamithe plastivinen sSuiable croséipkingragentpimcluide compounidecaphlidst | ]gi Zﬁr

' . 50 | 9% d, typi I t L t 65 | 9 t
ehat ning ritting Dl WRBRlrac o coeBneys 464Fe Gl baPbonieh e+ O 1"
co-r eact i orplastisieéreto &tirya thede dirt@sionalmetdrko or 90 nol % of the remai ni ng

l.asti,ci zer is _25 bound to the bi nder si.tion after co-reactijon.
P b In some ijxstances, at {]east a pom%n o?’ag%?astlcxzer vapo:%zes durgag thermal

transfer or during the subsequent binding of the plasticizer to the components of the binder

composition. Whether a portion of the plasticizer vaporizes or not, at least 50 mol%, and

typically at least 65 mol%, of the remaining plasticizer is bound to the binder composition

after co-reaction. Preferably, at Ieast 75 mol% or 90 mol% of the remaining plasticizer is
25 bound to the binder composition after co-reaction.

Donor Substrate and Optional Primer Layer
The donor substrate provides a support for the layers of the thermal transfer
element. The donor substrate for the thermal transfer element can be a polymer film. One
30 suitable type of polymer film is a polyester film, for example, polyethylene terephthalate
or polyethylene naphthalate films. However, other films with sufficient optical properties
(if light is used for heating and transfer), including high transmission of light at a

8



Donor Substrate and Optional Primer Layer The donor substrate provides a
support for the layers of the thermal transfer elenent. The donor
Substrat e WOARTAB t hernal transfer el enent can be a pol yROT/YS0/P646One 30
suitable type of.polymer filmis a polyester film for exanple, polyethylene
t erepht hal ate or pol yet hyl ene naphthalate filns. However, other films with

sufficient optical ert| 1,5 .US for heating and transfer),
i ncl udi ng}’aﬁ‘i“g‘ﬁﬁfﬂ’?aé(ﬂg &t &Ps'ﬁflfgw 'g?‘ﬁ‘é g‘fﬂ&#ﬁ%ﬁ ]SO 01646
parti cul afarii@YR Iasﬂwahen, 3n Yused AThé ddrior saugﬁate,rm 6 R4t Séthe Ai3fAnédiCis Tt

stability for the particular application, can be used. The donor
subst r at eso thet ugiforn: eeatinge,ean be farmed Ibe denorsphstrate dnalse wypically selactadc oat i ngs

can be fog ‘?ﬁ%atéﬂfs tﬂﬁf}%mﬁ Qﬁﬁ%&ﬁ&;ﬁte'eh%ﬂﬁlgﬁf ahy ﬁ?&@ lin eiﬁérﬁﬁltt?ﬂlsfe&r om

materi al s remal n sta espit ng o ayers in the thermal

tran§f er ¢lera¢nsfepi alightgo-heat convension G.THC) layes)) A suitable thickmesy for sheedonor A
t abl le, 0.025
Co 0 15 P agen fim, SRR 003815 L, PARGRRY DR gy OCF' G o

subst r at eﬂthonmﬂhmkusm'dhmﬂ'qrplonmisbbstratdsmaydkmsuhl s used to formthe donor
substrate and ermal . transfer, el e ticularly, the
LTHC | ayer ar @&t ‘am? rigls yres e forah §i‘18't‘f’rsr%"ﬂt§t°ﬂé§ﬂ’ q’éaﬂ; s and the
donor subgdnsfer elemeﬁt Iay¥rs, 9mbulaﬂy,rﬂmDTHeya3rer gRRelected fecichpréve ddA€sicas e ]

0 increase the

uniformty during the c i.ng of subsequent Iayers nd al

i nt 3P| ay dietwesndhnlgyes @ﬁ&% ot sHsEitte; A QR PrigyRg leyesroan be upedap mm)

transfer gleigRRhifsmsty difing P éoatifg OSubstfent dyers@HdARb ﬁxc?éas@th‘é ke

substrate with priner layér is available from Tel 1 Ltd. (Product No.
tgnoflﬁrfem

HPE100, Choading stressthbetween the gther lagersiofithe themmal, M)anddyeedonmr
di - HC) |
radi ati ongy F{gﬂg €Gnd Qﬁfngfg ﬁwﬁﬁﬂ{lﬁ&{b {Patt ’uﬂpkﬁfﬂ%{ i}gﬁ‘g’? GoHIY e%o?xpT&‘gI ) |ayer

is typically I'ncorpor et he er e enent t0 couple

t he ener gitdoProdugtNo. HRENCS: OshkarJepand. | i ght-enmitting source into the thernal
trangfer element. Figure 2 illustrates 20 one enbodi nent of a thernmal
transfer etement 110 including a donor substrate 112, a |ight-to-heat
conver Si oﬁgh&ymﬂeéﬂ@on\erdom(lﬂ’ﬂﬁthyeruni t 116. O her thermal transfer

| ement st be f LTHC |
Cverea 1y neRodnidtasRihdtcd fitndd] wapifls b R38R SR AR TCm e o | or®”
( edg : I a@p.t?uy mbérboﬂfed vﬁmwme tisermil thansfet elempmins ouplethe efirgy oflighe nt

radi ati on IJ;t eﬁ

ﬁ'om a light-emitting source into the thermal transfer element. Figure 2 illustrates
20 one embodiment of a thermal transfer element 110 including a donor substrate 112, a
light-to-heat conversion layer 114, and a transfer unit 116. Other thermal transfer element
structures containing an LTHC layer can be formed. '
The LTHC layer typically includes a radiation absorber that absorbs incident
radiation (e.g., laser light) and converts at least a portion of the incident radiation into heat
25 to enable ﬁansfer of the transfer unit from the thermal transfer element to the receptor. In
some embodiments, there is no separate LTHC layer and, instead, the radiation absorber is
disposed in another layer of the thermal transfer element, such as the donor substrate, the
interlayer, the release layer, or the transfer unit. In other embodiments, the thermal
transfer element includes an LTHC layer and also includes additional radiation absorber(s)
30 disposed in one or more of the other layers of the thermal transfer element, such as, for
example, the donor substrate, the release layer, the interlayer, or the transfer unit. In yet

other embodiments, the thermal transfer element does not include an LTHC layer or.
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25 to enable transfer of the transfer unit fromthe thermal transfer

el enment to the receptor. In sone enbodi nents, there is no separate LTHC

| ayer and, iwebteas the radi ation absorber is disposed i npgfigkdaRicdsayer of
the thermal transfer elenent, such as the donor substrate, the interlayer,
the rel ease layer, or the transfer unit. In other enbodi nents, the thermnal
transfer elenent includes an LTHC | ayer and al so i ncl udes additional

radi ati on abéiaﬁwmb(ser):emddhestpmsfeduﬂitﬁsMansfmedmmg adfeatirpeel@hdnt that egneacss of t he

t her mal lLe h as, for exanple, the donor substrate, the
rel ease Ia?ﬁ ef'ﬂagtﬁaﬂ{fgrr?l%e@? or the transfer unit. In yet other

enbodi nent s, ther wan exfaﬂﬁﬁafﬁsoﬁkﬁmrﬂw& bihef lapkRs)ABsdrs Htayer
or. 9 V\DOl/i}EF?gg gT Lﬁ 8,1646 |at|on bso er and the trans uni t
i s transferi® fIsey VASI B ARFAD, Q“'é’a fegtons of Bﬁkﬁ&%@nﬁwpﬁﬁ%n‘iransfer
el emens. Tymimedd Absorbaqs Eﬁiﬂaﬁ& h@myaalammofltﬁb srei%@tehﬂi%l i)’ Ot her

| ayers) absorbs |ight he infrared, visible uItraV|oIet regi ons

of the el edtrpﬁﬁ@gﬁeppmmw ghthe wanelengibaad theimeging asdiation in the rangp o£6.21 y

hi ghl'y absqy d , V. pti cal
densi 1y ot PReeprOlablyrdish 3 37 s el Bl ma B G BB
3, and pr efmmpleydyeséewg PviSiblealygs, ulﬁavmhbﬂyses,r inframt ldyass, ﬂimescbntn@es;rambri als can
i ncl ude, . d visible . dyes | travigl et dyes, infrared
dyes, fl uorlrgg ang aé’%%’ ﬁ@%“%?‘&@%ﬁ*ﬁ%@r%?ﬁﬂ’%&ﬂéﬂfﬁwg@aﬁﬁ@ net al s;
met al llOorrpcmmaiﬂe abgbtbﬂthg rgktbniais. Mpﬁﬂslgémﬁfhﬁle&wﬁtailhlagsc&b&@gﬁhﬂﬂgd@éaﬂfl 3 onal s. I
Exarrpeso suita .Ladiatio or rscanicuecar on ac net a
oxi des, ‘?F%t L‘Eﬁ"ﬁ‘? é}é"a@ ne eypmple Pﬁﬁfﬂb@&%mﬂuﬁm& udes a
pi grent, s Lbiimédi $uok mwnamiek, 204 bindet, rs@kmras afi BFéinﬁspoﬁv'?ne?r AAGhEr SBRABIEET -

Anot her suitable LTHC | ayer includes nmetal or metal/retal oxide formed as

a thin fil kTHGjayesinpides, m%ﬂa% ruetal{mgial exide farmed as axthisdfilm, forjeyample.dilackd

al um num h t ound
films can g%ﬁ@g?%gé ’ggﬁtder% d&%EQMI mvm%?%%(%%‘f)#ﬁp&%ﬂ e?’# ng m;nd

evaport i vend astal pommundlﬁéms tmheéomwmemgauwmdlas ffor emauhples sputfesingbi nder
and any s es sy ble . for use as
radi ati on a %e rés%lg "%sﬁﬁuﬁ ﬁgédelélggé‘agﬁgi;&gtﬁgg% A8 B%P'?Frcﬂ'ldﬁf‘% form

di ssol ved |smtebldodruabe|wetrwaeng'trbhniquesat | east partially dispersed in a binder
arti.cul at.e radi at t he

particl e oi ze chyebuiane Bs tafalbaonEn e LIPCIBR e s iedHn) cos, and
may be aboylarticulatefoan, disselved M Binder ﬁlatﬁﬁe or atNeastishetidlY AFsP ey altiider absor b
int hEO IRT eﬂena[l] When Hxsper? ecl}alr'tl%u ate ra 1aw<lnea%soorfber§ lzilszerlxmed, the particle size can be,
at Jeast in some instances, about 10 um or less, and may be about 1 gm orless. Suitable
dyes include those dyes that absorb in the IR region of the spectrum. Examples of such
dyes are found in Matsuoka, M., “Infrared Absorbing Materials”, Plenum Press, New
York, 1990; Matsuoka, M., Absorption Spectra of Dyes for Diode Lasers, Bunshin
25 Publishing Co., Tokyo, 1990, U.S. Patent Nos. 4,722,583; 4,833,124; 4,912,083;
4,942,141, 4,948,776; 4,948,778; 4,950,639; 4,940,640; 4,952,552; 5,023,229; 5,024,990;
5,156,938, 5,286,604; 5,340,699; 5,351,617; 5,360,694; and 5,401,607, European Patent
Nos. 321,923 and 568,993; and Beilo, K. A. et al,, J. Chem. Soc.. Chem. Commun., 1993,
452-4354 (1993). IR absorbers marketed by Glendale Protective Technologies, Inc.,
30 Lakeland, Fla., under the designation CYASORB IR-99, IR-126 and IR-165 may also be
used. A specific dye may be chosen based on factors such as, solubility in, and
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dyes are found in Matsuoka, M, "Infrared Absorbing Mterials", Plenum
Press, New York, 1990; Matsuoka, M, Absorption S ectra of 'Dyes for D ode
Lasers, Buwelim78b Publishing Co., Tokyo, 1990, US. Patenpchgsooofssé22, 583;
4,833,124; 4,912,083; 4,942,141; 4,948,776; 4,948,778; 4,950, 639; -
4,940, 640; 4,952,552; 5,023,229; 5,024,990, 5, 156,938; 5, 286, 604,

5, 340, 699; 5, 351,617; 5, 360,694; and 5, 401, 607; European Patent Nos.

321, 923 arcmpBBildp Withamspepific bindekand/orgpating solvent, @ well as3be wavélemgth Cormun. |
1993, 452- | R absorbers marketed by G endale Protective

Technol ngaggééfa(bjs&%ﬁé% Lakel and, Fla., under the designati on CYASORB | R- 99,
| R-126 and | R- Pigmentayy mhtedallean alsekk uséd apthe LTHC ldyse asrudidtion absoibezs.based on

factors such as oluhiljity-in, .and 10 1/ 17793 - PCT/ US00/ 01646
corpat | bi Erpipbiat efateible paménts ol fafbon pek and G, s WPl . s wel | as
the wavel Emalbcyahmgeﬁ&a dHNFO1érRE,] 0 otHer PigRIthA désciBb® i BISSP&aNo#! SO be used
in the LTHC Iager as_radi ati on, absorbers. Ex es of suitable pignments

|
| ncl ude cArG6ATH b3 516l 7o AddHionally, Blacka7 pigamen's based on sepRss oreromivie ko
di t hi ol ene&npla?éi_dztdaﬁéxampmﬁtafoldﬁéfeﬁlw?éiaﬁieigh{e%d,%a&-nicmsao g@l%ﬁ&lo?“ and

5,351,617, Additionally, "black azo ‘pi gnents based on copper rom um

conpl exes bensefylo Inasganigpigmenty eanvalsaoheused|induding) iforrsxamplenexidestindand ni ckel

azo yello I ' | o e i ncl udi ng,
For txanp FARBE of s GlcH s paAR B, 3L Bifnd Hhe MEBu oSSm0, 1, [
i ndi ®m zmotybdeming tingstenodobaltyiixidipm] fickel) pailddivonplatinumy siopper, silviengold, i ri di um

ni ckel , palladiu platin GO i Lver | d.. .zirconium iron, |ead,
and t ef | QP rhoRon) o R R etal BordeRy ot g, shvpRASS,

bronze- st btonkessttutnared ceides, aticoxides dfractrally felatéddol tite brohad faghily Qe.%.b wopnze
famly (e'ﬁ%}ﬂ Vl\g) g& can al so be used. Metal radiation absorbers can be
used, eit *HPGYE%f orm of particles, as described 15 for instance in

U.'S. Pat. No. Xfetddh7adfalibn abdortiess éanlb¥tused Sithir i the $6¥eh dfpalticles, fdescrited
5,256,506, Suitable nmetals include, for_exanp al uni num bismuth, tin,

le al
indiltm  fosiipstancen HitaPe; Ne. 42326 Hapicasfilms, a3 disslossdinithS Fatd¥-at i on’ absor ber
can. be di §/298806.iSRitabl® Mt inclhde fordRhmple, AGMARR bRMull8n/iAduAL | O absor ber
in the coating, excluding the solvent Iin the 20 cal culation of weight
percent, FfAUEERSRAERNG. from | w.%to 30 wt.% typically from3 wt.% to 20
w. % and of t epsidaRited, ¥parkitdifte tadtiatfon UbsHbR CRAb OGS YRed 1% RAd:T THE ar

radi ation
weight percent of the radiation absorber in the coating, excluding the solvent in the

20 calculation of weight percent, is generally from 1 wt.% to 30 wt.%, typically from 3 wt.%
to 20 wt.%, and often from 5 wt.% to 15 wt.%, depending on the particular radiation
absorber(s) and binder(s) used in the LTHC.

Suitable binders for use in the LTHC layer include film-forming polymers, such as,
for example, phenolic resins (e.g., novolak and resole resins), polyvinyl butyral resins,

25 polyvinyl acetates, polyvinyl acetals, polyvinylidene chlorides, polyacrylates, cellulosic
ethers and esters, nitrocelluloses, (meth)acrylate polymers and copolymers, and
polycarbonates. Suitable binders can include monomers, oligomers, and/or polymers that
have been or can be polymerized or crosslinked. In some embodiments, the binder is
primarily formed using a coating of crosslinkable monomers and/or oligomers with

30 optional polymer. When a polymer is used in the binder, the binder generally includes 1
to 50 wt.% polymer and typically includes 10 to 45 wt.%, polymer (excluding the solvent
when calculating wt.%).
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absorber(s) and binder(s) used in the LTHC. Suitable binders for use in the
LTHC | ayer include filmform ng polyners, such as, for exanple, phenolic
resins (e.gwoomwedsak and resol e resins), polyvinyl butyralpcifstiiesss>

pol yvi nyl acetates, polyvinyl acetals, polyvinylidene chlorides,

pol yacryl ates, cellulosic ethers and esters, nitrocellul oses,

(meth)acryl ate polyners and copol yners, and polycarbonates. Suitable

bi nders can i nclUpbe coatingromrths daybor sbsteats, theemoamery ligomers, dntl polyniessmaayppeen or

can be pol [ [ | i dy. I n so embodi t.s e der i.s
primari Fy ?“Dgfan%séﬁ‘g(glg%ﬁ’éﬁi%affﬁg' g}sog}edgg?x}cmggqr%s%gﬁ#tge LXHLdPYeEm goner s
Wi th 3P| Opf[tbmre&g tmmﬂayemmbfdﬁﬂilgyﬂbitﬂeﬁgﬂﬁﬁd’pffblmlilhﬁ.tﬁéil?ﬂgfer oil‘ge bi der
o 5r ol y PR TAE 1R e R AR sl it op 11 0

01/ 17783 PCT/ USQfe Gichskfon dﬂa%rﬁeﬂhétmgm(etfﬁ,%&s?ﬁm mﬁﬁgﬁﬁf_ff_ﬂécﬁl ?ttl&‘it nonomers,

oligonmers, and polyners may be crosslinked to formt THC. In sone

i nst ances, SPReRSANGES, Hleipﬁg%/r@ansm@-anmfpwepem@ andlop coatability hef theLlHCay er
may be da byt tof Al |.on of
the LTHC | ey orehib0fRient SR Hact ks 241cls05m % MAEha Hhe BT O
t her nopl astdalsulating weigbt percent) sheymoplpsticarysin, apd, preferably, 30 tol45aeti% sone

I nst ances, 0 9., transf roper.ties and/ or atapility)
of "t h. bt oBERceHR A BolsisSpe A o neBhieie it ces wssd {E2 bt 7,
(excl 3@i ng 1Shet.%p| Therthermloplasticaradin isltepicaily chesed bé boeonspatible (1.écforfRRloast i C
resin, and,  preferabl. 3 0 45 w. %.th l.astic.resin, although |ower
amount s of RAES P‘&bﬁ' cw‘ﬁbé‘? atﬁ’éalﬁgtgt&ggﬁgﬂ‘: A jolybility paramstercamhe  The

t her nopl astused fodaditaté Sorpagibitiey, Pylyalep Fandbosk JeBfaaRp! éd?,gﬁ Vi 519.5570r m a one-

phase conbi ngptg'bgr}? ith the other materials of the bi nder . A solubility
par anet er dX& I g4 deggt someiembpdimentsothemapiastic reyin thas hgswsolybiliiibook. | .

Br and , E 12 ' , a
Chor mop! st monetitn e ratgbReoRT 13 (RARPYT, bteBlby, 533 12T " b ERALT 7,
13 ( cA¥cnB)forthe bisders Examples ofsuiable thepmepdasyic cositis inciydei(methersydate pblymers t he
bi nder. Ex braiRl Srvii m;m I c.resins lnclude, (met hyacryl ate
pl)lny(ranrars g‘%%{%’g{l@%&, sgvjrhgﬁé- acrs%%?iégsb% é&%&xrglggﬁﬂﬁg &S 40 yvi nyl
acet al pol ywepolymensdandpofyvinyhbutyral. and pol yvi nyl butyral . Conventi onal

ti I ds, ant s d dispersing.agents, can be added to
Faci 11 Tate the. ColyAbamil oot wll s Ry ARENE ot hedisaiecan e 84e. donor

substrat e to facilitate the coating process. The LTHC layer can be coated onto the donor substrate

20 using a variety of coating methods known in the art. One example of a suitable thermal
transfer element includes a polymeric or organic LTHC layer that is coated to a thickness
0f 0.05 pm to 20 um, typically, 0.5 pm to 10 pm, and, often 1 umto 7 um. Another
example of a suitable thermal transfer element includes an inorganic LTHC layer that is

coated to a thickness in the range of 0.001 to 10 pm, and typically in the range of 0.002 to
25 1 pm.

Interlayer
An optional interlayer can be used in the thermal transfer element to minimize
damage and contamination of the transferred portion of the transfer unit and/or reduce
30 distortion in the transferred portion of the transfer unit. The interfayer may also influence
the adhesion of the transfer layer to the rest of the thermal transfer element. Figure 3

illustrates one embodiment of a thermal transfer element 120 including a donor substrate

12



20 using a variety of coating nethods known in the art. One exanple of a
suitable thermal transfer elenent includes a polyneric or organic LTHC

| ayer thatwoeuross ed to a thickness of 0.05 mto 20 m ty®Eiv6sdoloyessC- 5 Mt O
10 m and, often 1 mto 7 m Another exanple of a suitable therm

transfer element includes an inorganic LTHC |layer that is coated to a

t hi ckness in the range of 0.001 to 10 3n, and typically in the range of

0. 002 t o 122 alight-torfieat donyession layen}24; aminkerlaperci26andra t:msfebeniuizsj Othet he

t her mal t o] f the
transferre picl)?{aPon %gﬂ?l%ﬁg%ﬁﬁ% ?’[T%%g’ or regdt%'g"ﬁu éﬁ s %tlon in the
transfer raahspﬂ)ssiuepnﬂedt:ngjmd!orahm?bmg atrthe 1ma'§mg wmdangfhyélrypmny,a:hso i nfluence
t he adhes n, of ,th ns e e the transfer

el ement . Wﬂ'h;? Eﬁé‘l‘ﬁﬂ?’?@ﬁ* Pté#ﬁ%@?’rr{?ﬁ aygr ‘?Fér“f’r"a‘i'“f’?z?ﬁsfer el ement
120 isncl Udieﬂﬁcﬂly@@&ﬁﬁptﬁb‘hﬁdd?ﬁeﬁnﬁﬁnﬁ\%ﬁﬂlﬁdﬁ7?&n&ﬂ oQneRibhtihat rénders 2

| i ght-to-heat conversion t@; an |nte yer 26, and a transfer unit
158" 1 hethe sepgdiRe oo RS trensti S SoR-CHOR Theinfesfoger tygieallysamains
formed. TheEohRtAWHIRMRLIERMaYE dutin ma%;feysmésefah&&w ﬁﬁmﬁr absor bi ng

at the imgi ng wavel ength ypically, the "interlayer t her mal
r esi st anctansfereef ayithth 9tfaltsfﬁ!0ﬂm erl ayer does not di stort or 5 chenical ly

enders tho t3ualR ERReRinOAc b AimplelRiof il dhteFlafy (A PPipek ' 1

i nt d0l ay edepositédonétahlayess)pinorganic tayersi(e 8¢ tsolvgel denommw@ amdya@podur i ng t he
transfer pRroc and .S_Not. Suk ] t.r an [ he transfer
o G eSS gty of iorBetic RASS . sfichparh MR ofi Bl il Bod LT

| a?/er sI ( eofganicAtdganic acﬂ:mwayéredor@galmdtm ﬁ:)tablela@rmlayer ﬂ1ﬂ¥ﬁd’l§ (e. g. ,
so] - gel dgppsi ayers vapor . deposjt rs | nor.gani ¢ oxi des
(e.g., silte L?ﬁg‘t‘é q‘ﬁf'ﬁ‘&? asfif F H&j‘? t seb?‘@'ﬁﬂ E)"}cﬁ{S‘Fgani c
conposi t erdsﬁw o maPbé ardsslinked By heat, &acﬁatidnab:l éhehfcal ek YA dm%%t AtS

i ncl ude bot h ther m)s@g nd thgﬁ@l astic_ materials. Suitabl her npset

mat i al sh Eﬂd@ms nolyagylntes; polimethesylateapolyestersat i on, or
cheni cal  ickiddsEidipolydPdthifhes) SThdMbrnidRét materiald ThPse é&ted%&ﬁﬁk LT R apér
crossl i nkabl e pol yacryl at es, pol ynet hacryl at es esters epoxi es, and
pol yur et has&F example; thermaplastic preewrors pad Wmt&@a@asﬁnl@dtt@fqm LTHC | ayer
as, for exaudnRed in %ﬁgﬂg}pl astic precursors and subsequently crosslinked to
forma crosslinke erl ayer.

Suitable thermoplastlc materials include, for example, polyacrylates, -

20 polymethacrylates, polystyrenes, polyurethanes, polysulfones, polyesters, and polyimides.
These thermoplastic organic materials may be applied via conventional coating techniques
(for example, solvent coating, spray coating, or extrusion coating). Typically, the glass
transition temperature (Tg) of thermoplastic materials suitable for use in the interlayer is
25 °C or greater, preferably 50 °C or greater, more preferably 100°C or greater, and, most

25 preferably, 150°C or greater. The interlayer can be transmissive, absorbing, reflective, or
some combination thereof, at the imaging radiation waveléngth.

Inorganic materials suitable as interlayer materials include, for example, metals,
metal oxides, metal sulfides, and inorganic carbon coatings, including those materials that
are highly transmissive or reflective at the imaging light wavelength. These materials can

30 - be applied to the light-to-heat-conversion layer via conventional techniques (e.g., vacuum

sputtering, vacuum evaporation, or plasma jet deposition).

13



Sui tabl e thernoplastic materials include, for exanple, polyacrylates, 20
pol ynet hacryl ates, pol ystyrenes, polyurethanes, polysulfones, polyesters,
and pol yi m 3017 8%ese t her nopl astic organic materials nmayPEHUSMIé46d Vi a
conventional coating techniques (for exanple, solvent coating, spray
coating, or extrusion coating). Typically, the gl ass transition

tenperature (Tg of o erm) | ast.i.c mat.eri bl e use in the
interlayer is ﬁag‘tpé?v'&ep’rweﬁﬁfkpng% &S?m&’r' Yerdnay beg r‘@"‘B‘F’ef erably
100C or gr e@hﬁ&tthﬁﬁﬂmfdﬁ%ﬁnaﬁﬁaﬁ@ﬁ thedightito-Heaondérsith Biybe 't mdP§isé Nt er | ayer
can be transm ssive, absorbing, reflective, or sonme conbination thereof,

at the i magPeplate thesempseatypatagedinithe transfeg it so thatthermally ustiablemrterials

i nterl ayer n SRR net al

sul fides, aér%tb?%?éf%dcq‘gg?%g%&gggt | ngsliﬁzr nﬁ?ta%h%gsu%t%é@f ‘9‘{84)?1& an t hat

are hi éhl y mammgmtmesfwedrmatwa ive at the | magi ng |ight wavel engt h.

These materi al s N ony lon |ayer via
conventi onal techni queﬁpca%%ma&%&%vg"&d f°ﬁ§fﬂ\?}’3%e @é%gf’at i on, or

pl asma j et mia’pamts,up(gn)mtslﬁlaMz@ﬂs;Lﬂamﬁ&x mmeﬁpﬂ{meﬁfg aids) The ﬂﬁcﬁcﬁ;és%y)er can

provi de a of rlayer rier nst the

t ransf er oﬁﬂﬁg'?ékygléje?’?@ ?ﬂ?‘q g r'Fé%‘P légﬁggﬁaﬁ‘gln" ferlayer, ‘ﬁﬁy al so

modul at et hatefdpEthe UTHC Ryérathe shtdcial éffthe frirfes fager, tl{élvtrav%ﬁnéth dftieher mal | y
The presence of an interlayer may

unstahQle materj al s, e transferred

al so Bhs ul (imaging F&ﬂ‘%&?@n@glﬂa&@qf%ﬂ% of grRasyre Pﬁthe kermaltransier elementde imaging  The
interlayer GaRtidi0 HorpdlyReFinterlifets, tnertﬁicldﬁesmméﬂﬁ rﬁg&w'f& exaﬁsgfeoi nlhé | ators,
surfactants, pignments, pI asticlzers, radiation a% rbérs, antl toating ai ds.
The t hi cknegag 0Q5h®tﬁ%lm,egpeefaﬁhe[5®mouwiauttoﬂslrmuymcﬂlg,otim3amrrpl e,

the materi erI er. teri of .the LT CI er,, the
mat eri al O?an J ’ran a%)(oé'?ﬂowg ga@feé% 8 Tgtalop e Mg radiation,

and the durla&aﬂm #r?fthetim&éis%fﬂfe ittBfaye 8! foPéxahipfe) #f ME 4 8?@605 'tm' ng
radi ation. For interlayers, the thickness of the |nter ayer is, for

exanple, |Mﬁﬂ’lcﬂlén§@méb0l50€ﬂ§ pm o 18, apd) oftganfromiaboyt X02amlabout 0.1 gmto
4 gm typically, 0.5to 3 m and, often, 0.8 to 2 p.m. For inorganic
interlayers (e.g., nmetal or netal corrpound i nterlayers), the thickness
of t he i nt erRelease Layer f or exanple, in the range of 0.005 gmto 10 15 m
typically, fro bout 0 mto 3 - and, ten, from bout 0.02 tol m
Rel ease Layer %@e 8599"8”3? a&é?’(f&%’@ﬁg&“ﬂ?iﬁ rgé{aqeff sterypnit(e Lo theys e

of t he tr anglaticizeridontaiirig laydr}fom the rest of the thermal transfer element (e.g., the donor

20 substrate, the interlayer and/or the LTHC layer) upon heating of the thermal transfer

element, for example, by a light-emitting source or a heating element. In at least some
cases, the release layer provides some adhesion of the transfer layer to the rest of the
thermal transfer element prior to exposure to heat. Figure 4 illustrates a thermal transfer
element 140 including a donor substrate 142, a light-to-heat conversion layer 144, a

25 release layer 146, and a transfer unit 148. Other combinations of Iayers may also be used.

Suitable release layers include, for example, thermoplastic and thermoset

polymers. Examples of suitable polymers include acrylic polymers, polyanilines,
polythiophenes, poly(phenylenevinylenes), polyacetylenes, phenolic resins (e.g., novolak
and resole resins), polyvinyl butyral resins, polyvinyl acetates, polyvinyl acetals,

30 polyvinylidene chlorides, polyacrylates, cellulosic ethers and esters, nitrocelluloses, epoxy
resins, and polycarbonates. Other suitable materials for the release layer include
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pl asticizer-containing |ayer) fromthe rest of the thermal transfer el enent
(e.g., the donor 20 substrate, the interlayer and/or the LTHC | ayer) upon
heati ng ofwébmi#éser mal transfer elenment, for exanple, by pepisidor@gi tting
source or a heating elenent. In at |east sone cases, the release |ayer
provi des sone adhesion of the transfer layer to the rest of the thernal
transfer element prior to exposure to heat. Figure 4 illustrates a thernal
transf er sublimabletmaterials (sedhasiphthalocykmines), inchaling far ekdifipleathe nmbdrialso- heat

conversi op | r, , r | ayer 146, and a transfer unit 148.

O her con@?sﬁ‘i%%éﬂy%f“??‘s@?sf?@ﬁrso be used. Suitable release |ayers
include, for eRisrelease layer camip past ofthetrahsfeh @it OA £ bepafats iya tkat dbesage! es of
sui t abl e pol yner.s i ncl ude ryljc polyners, polyanilines, ol yt hi ophenes,
ol y( phery ¥ty Allrarmetion o HesleteRiet 6 bo oA wibdhefemsBruhit. novol ak
and 5esol Akéraatively, mdsPbnsubstatitially blY bPihe k618ds8 TayePrimaitis With tA€ 8br€S, Pol yvi nyl
acetal s, 30 polyvinylidene chlorides, polyacrylates, cellulosic ethers and

esters, nfubsateMhen thedransigrymiyis transferred. Injsome)instanees.fonexample, ®ither sui t abl e
material s : : j : 00/ 01646

subl i mabl rgiéri:rga% l%?‘?é?fﬁ‘?gg’ﬁhg%ﬂﬁrﬁ'ﬁ%@?’éﬁ?ﬁ%@fﬁ%ﬁg i{y]H’cii r exanple, the
mat er i al sdissipated dusing thetransfegpravesse fn soxee enshodisnients, 2. pofties of thegeleasel layeer can

be part o r | t hat, does.nat = transfer.
Al or a %%e%?'i%?)#%?ﬁl{ ﬁ’g %%%a‘gﬁet aﬁg?}g&%@ %?Wq@Le??s%ﬁ@?dg?ﬁaeﬂa W{iﬁh"fﬁ@ % ansf er
uni t10 5 Atemevediby, \fert exampiesheating tosublimate] wdpoyize; ok ligdefy the traasfeesdpdriiyrer

remai ns W&#{g trl1e donor substrate when the transfer unit is transferred. In
sone i nst 15350 ! y@’Xarrpl e, With a release |ayer including sublimable
material, a portion of the release |ayer may be dissipated during the
transfer oce I n some enbodi nents, a portion of the release | ayer does
transfer ?W@ﬁ%—!’?gﬁﬁsfer unit and the release layer is formed of a

material that Tikythiehal frénsféERMREAt Ein beheste@ bR apYIRatidiEcH direbted Reat YRG! MBL €,

vaporize, or liquefy the transferred portion of the release |ayer. Thermal

Tr arlsf er  Seifstadiportipn of thethenmal transferelament; fHeat cancbe gegergiedasisgiadgating, of
directed fHementqBgla r%sfkti@_@ hé&tihg ﬁle%fnt),i d?)ﬂvelg*tiné &t@iazihﬁ 5&@! a beéaRl ot lgh!:/)gb enment .

Heat can be generated using -a heating elenen e. resi s heat i ng
el ement ) , heab @pdior applyingan elesteenl carrent fo alaiyersofiths thegmph transfes elément to and/ or
app! yi ng | ¥a3han I : I S el ement
o enar SSArERk fihary dhkficks Wbl Affer Glind i HOFL B xRN Blnp' BT

f or exanplaesr, ia atheantageous because of the accuracy and precision that can often be achieved.

20 The size and shape of the transferred pattern (e.g., a line, circle, square, or other shape)
can be controlled by, for example, selecting the size of the light beam, the exposure
pattern of the light beam, the duration of directed beam contact with the thermal transfer
element, and the materials of the thermal transfer element.

For thermal transfer using radiation (e.g., light), a variety of radiation-emitting

25 sources can be used in the present invention. For analog techniques (e.g., exposure
through a mask), high-powered light sources (e.g., xenon flash lamps and lasers) are
useful. For digital imaging techniques, infrared, visible, and ultraviolet lasers are
particularly useful. Suitable lasers include, for example, high power (= 100 mW) single
mode laser diodes, fiber-coupled laser diodes, and diode-pumped solid state lasers (e.g.,

30 Nd:YAG and Nd:YLF). Laser exposure dwell times can be in the range from, for
example, about 0.1 to 5 microseconds and laser fluences can be in the range from, for

example, about 0.01 to about 1 J/cm®.
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| aser, is advantageous because of the accuracy and precision that can often
be achieved. 20 The size and shape ofthe transferred pattern (e.g., a |line,
circle, squaV@W&™ %t her shape) can be control l-ed by, for RETABeI646
selecting the size of the |light beam the exposure pattern of the |ight
beam the duration of directed beamcontact with the thermal transfer

el enent, and th terials of the thermal transfer_elepent. For thernal
transfer using f&)ﬁ%&gbﬁp?t@?weqtiamqy ’%‘eﬂgfq%éfﬁ' @rL%sgglrfam%wn@Hr gqlotyg 25
sour ces candiplay sgilichtionk) Gveplaffesibstiatev@is] Olser KparidBlrig@striythgiues (e. 9.,
exposure throuig; a mask), hi gh-powered I{"%]tht sources (e.g., xenon flash

| anps and | SRSMAHER sopcee. Laser sources gesycoppatible b#ﬁ@ilﬁeﬂéﬁﬁﬁbﬁ%ﬁw sughrasiamed,

vi si bl e, angd iyhknaving I bt ' | [.abl e | asers
i nclude, for exanple, %&hﬁggaerﬁ%é_m%g%&éﬁ‘%ﬂ@hﬁfaﬁ%gs ﬁjeéljsﬁel? di odes,

fi ber - doupl pelyimideshestsodes, and di ode- punped solid state lasers (e.g., 30

Nd: YAG and Nd: YL )it ' e .l the ran from

for exanple, abg%ﬁlsugéﬁfebggéﬁ%%g%%\é%ﬁgﬁs&g%%F%aggorr%fﬁu‘gﬁc‘%@ Lot H%@ in the

range from démr filre xemspructions kacking @ LTHG hyerhad tadiatibh absorbe.5 B My te7 793

PCT/ US00/ 0164 en high, spot placement accyracy i s require e..g. for

hi gh i nfor ngﬁrﬁgnﬂav}?yu?ﬁeﬁuig?%lsga%r §B€S§'§} s i &cga’tlif*% aBB‘E?F‘ﬂ‘P%?]&gO gﬁ‘ﬂgﬂ%t e

areas, a | adiension)un'for Iangbepaktyrme sathids thosetréypired fir alph@RunteiésESnernksts €

sourc aregl.g@ atible with both large rigid substrates such as 1 m x 1 m
gl

x 1.1 8¥8and conti nuous or sheeted film substrates, such as 100 m5

pol yi i de_sheet sDuliginmiingCihé nﬁfmakmmmeﬂwﬁﬁyam?g%@% fliplifgtesed. for

example, with sinmplitie donor filmconstructions ] | ayer and
radi ati on afRRéAch®ith aTegeptopalp ap least same instaneqs) pressursion vasuums used|to boldshebst r at e

S1 205 (20 sl bt HRAE bl baoed i hdvBor AIBARNIM Ol | 27 001

patterns, such as those requir or a NUMBFI'C Segne & ays.
During i maghsed to hestthe At layer(anddrathes layenfs) contsiningpadiatidnyabkorbery it an nt o

i nti c i e r.ln | east some.i nst apces ressure or
vacuuns® s CiigBfise Mehidn fo & CEERATor b dodibe £EBRIe BT A heRN B R Cont not
wi th the reinggewise trdnsferdif teitansfadiayer dronsthe tiermal taaster dethaf to thi ceckgthiC | ayer

(and/or oth I r(s).containing radiation absorber) in an 15 i nagew se
fashi on (e.g&?rd?ﬁ/ggf’%m?“br by anal og exposure through a nask) to perform

i magewi se t r ansfAlterndtivelypa heating tlementasteh ad & RRistivichdatify éleherit! @A BE asedqbenent
to the rec eggn?s;er the transfer unit. The thermal transfer element is selectively contacted with the
20 heating element to cause thermal transfer of a portion of the transfer layer according to a
pattern. In another embodiment, the thermal transfer element includes a layer that can
convert an electrical current applied to the layer into heat.
Typically, the transfer unit is transferred to the receptor without transferring other
layers of the thermal transfer element, such as the optional interlayer or the LTHC layer.
25 The presence of the optional interlayer may eliminate or reduce the transfer of the LTHC
layer to the receptor and/or reduce distortion in the transferred portion of the transfer layer.
Preferably, under imaging conditions, the adhesion of the interlayer to the LTHC layer is
greater than the adhesion of the interlayer to the transfer layer. In some instances, a
reflective interlayer is used to attenuate the level of imaging radiation transmitted through
30 the interlayer and reduce any damage to the transferred portion of the transfer layer that

may result from interaction of the transmitted radiation with the transfer layer and/or the
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according to a pattern. Alternatively, a heating elenent, such as a -
resistive heati n7g el ement, can be used to transfer the transfer unit. The
thermal trWRMRTPR| ement is selectively contacted w th t hBCDUSHME646ng
el enent to cause thermal transfer of a portion of the transfer |ayer
according to a pattern. In another enbodi nent, the thermal transfer
el enent includes.a |l ayer at _can. .conyert an electrical .current applied to
Che | ayer Reptige oy s Difilerly boteliaL 3P e Al fSige b ey SR ot he
recept or wheibthetredepon isf iighly Blgsofptive bf the dyiaging eddidtiof. t her mal transfer
el ement, such as.t h'e optional ,int &gl a ,e% or the ,LTg;:ml ayer.. 25 The
presence of t hEUBPE 1285 SRPOSHTG: It imay I tomipimize fprma dnteHerencea st er  of
the LTHC PMS due b RRIIpEERABGIond BEMAhe infiked tatkirial. OTHit & Belhcbdifiplishasf er red
portion of the transfer layer. Preferably, under inmaging conditions, the
adhesi on by veniusimethadsaFhe mog copmonmethodyis &g effective]y senghen the surfaceefadhesi on
of the | NiRlhethl trhfifdk UemlehPElehe bealbfthe inbidemGHBatidiids hiibed i USCRLCSCL i ve
the Tevel o Ia

interlayer is used to attenuate > \ I magi ng ra lon transmtted
t hr ough 3ot 5,689,372 rThiybas theweffackofl dissupting thespatiel coberence af therigéidented porti on

of the tr er .1 t ' iQn of,the transmtted
L o on R DY i sl A il A6 B 15 o0
01/ 17793 mEireflietion 0dhimg withicthp tiermal Transfer clegnentt The use dfiantiaefidction al i n

red ng thermal ,damage .which oCGUr N, the receptor i g highly
Cbsolth v EOBER 1B e Sl Ve RaE i EPitediesah  sEtPR sich a8y e

defs: r abl en«tag?e;iuﬁ flugridef ﬁrdaaériuea imU,si, m‘aﬁﬁé,a’mmo_ patter nls dﬁedt o] mt;I tiple
reflections fromthe i e terial. This can he acco i she 5 by

vari ous met hodgf"g?ﬂﬁnﬁgggmﬁf&gaﬁ'ﬂ%?% q@»ﬂ?ﬁ‘%‘&?&a@'ﬁ%ﬁ@“ﬁfﬁwt% he
surface Othat hivellEHEENRI Widf difnBhsiGHs VTR Metddr idfe. SITnVpBrafibn, lallfsel Bmiydent

radi ati on as described in U S. No. 5,089,372, This has the effect of

Pat . .
di srupt i nEpsterd aresheruise moned %@fé?’éﬁh@ﬁé“quli tpaysfer elepantathe daser heing;
mniyg Zi ngel&‘ﬁvél‘g'o bfatdd?b ﬁﬂ?rﬁnaté‘ﬁmﬁbﬁse&% ﬁtel?g&rl\ %féﬁlégﬁegﬁ%%ﬁsae of

antireflection ting wthin the thermal |
ant i - r ef | desired patteyn.c Altematipely, sheldassnean herstationary aod thesherpil tgansfer element/ e
t hi ckness ' such as magnesium fluoride, as described in U S.
Pat No. 561%}’?&%%5&113%%%%% hermal transfer el enents can be used, including
t her mal t r ansf Brsopiednsiances, ittthayt beneeessarydgsinable, dndéod convenientts sespentiallya net er
or nore. SRS i | r t o] t herw.sge moved across
the | ar gehﬁlﬁer naforr rg?lg'?fg 'reﬁr; 8?7‘?133‘2%} flps??"feeiel%gesn g{tgg%ﬁlﬁgmce’ amcl%, or -

20 structure. Each of these thermal transfer elements includes a transfer unit to transfer one '

or more layers to the receptor. The two or more thermal transfer units are then

sequentially used to deposit one or more layers of the device, article, or structure.

EXAMPLES
25 Example 1
Preparation of 2 Thermal Transfer Element
A light-to-heat conversion layer was prepared by making a LTHC Coating
Solution with the solid components of Table 1 in a 60%/40% solution of propylene glycol
methyl ether acetate/methyl ethy! ketone with 30% solids. The LTHC Coating Solution

30 was coated onto a 0.1 mm PET substrate.
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15 selectively operated to illum nate portions of the thernmal

el enent accordi ng

stationary W& O0/EE9% her nal
it may be necessary,

some i nstances,
sequentially uti
form a devi ce,
el enents i ncl udes

article,

transfer
Alternatively, the | aser can be
noved beneat h PCRAISHEEE4S. | N
desirabl e, and/or convenient to
nmore different thermal transfer elenments to
Each ofthese thermal transfer
Yer one. or nore |layers to the

to a desired pattern.
transfer el enent

lize two or
or 20 structure.
a transfer unit to t¥

receptor. The two or nore ther nal LTHG{ceatingBelids are then sequentially
used to deposit one_or more layers of the deyice, artjcle,  or structure.
EXAMPLES 25- Exanpl e | Prepar atGampogénta Ther nmal Transf artébengnt A
| i ght-to-heat conyersion |layer was prepared by making! a Wdiglt Cdati ng
Sol ution with the Raven™ Z60Jioraeaben black pigient (availalsle 604 260 / 0 sql uti on of
propyl ene gl ycol mt]:;blunfbidiﬁj‘,heﬁﬁ&lsahﬂéﬁfgt@gj et hyI kiet one withh 30% sol i ds.
The LTHC Coati ng ) g%sxﬁ"z{vgﬂ 1 ﬁ'ﬁ“’ Jtrate. 17 VWO
01/ 17793 PCT/ USQQ o i i ;Corrponent Parts by
Wei ght Raven"m 7¢8—UJ443 R=1a Q0_Jf rom
Col unbi an Cheni ca|19ncrxlﬁ‘é'ﬁ£a&ryhe.nes1wwlp QDS C(pol y_dl ny?butyrdl resin,
avail able from 17. 19‘“‘%#’5 Bacl&wnow s, MO oncryl TiM 67 (acrylic resin,
avail abl e from S Iviuite Wzﬁatﬂt@m&r&nﬁ@mﬂa%(ﬂdhﬂmw) i vasd t e9M|[2669
(acrylic resin, 1ids) Wilkiingitod, DE)556 crylics, WI rﬁl ngt on, DH) isperbykTM
161 (dispersing ai ! R p‘l‘l’g@‘l"m CT)
L' becryl Tm 629 (e%&ﬁﬁwﬁhﬂgk ﬂg%ﬂ a‘;a%\l/lgll)i?ﬁﬁ{ﬁl rom 834
cryl™ 629 (epoxy novolac acrylate, available from: 834
'CB Radcure, N. Augusta, SC)

[irgacure™ 369 (photocuring agent, available from 45.2

Ciba Specialty Chemicals, Tarrytown, NY)

rgacure™ 184 (photocuring agent, available from 6.7

iba Specialty Chemicals, Tarrytown, NY)

5
The coating was dried and UV-cured. The dried coating had a thickness of
approximately 4 to 6 micrometers.
Onto the light-to-heat conversion layer was coated an Interlayer Coating Solution,
according to Table 2 (in a 90 wt.%/10 wt.% solution of isopropyl alcohol/methy! ethy!
10 ketone with 9.3 wt.% solids). This coating was dried and UV-cured. The thickness of the
resulting interlayer coating was approximately 1 to 1.5 micrometers.
Table 2
Interlayer Coating Solids
15
Component Parts by
Weight
Butvar™ B-98 4.76
Joncryl™ 67 14.29
Sartomer™ SR351™ (trimethylolpropane 79.45
triacrylate, available from Sartomer, Exton, PA)
IIrgacurt-,"'M 369 45
IFluorescent Dye 1.12
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CB Radcure, N. Augusta, SC) gacure m 369 (photocuring agent, available from
- 45.2 iba Specialty Chenicals, Tarrytown, NY) rgacureTM 184 (photocuring
agent, avawoelwre3from 6.7 iba Specialty Chemi.cals, Tarr \bcgwseodifds > The
coating was dried and UV-cured. The dried coating had a thickness of
approximately 4 to 6 mcroneters. Onto the |light-to-heat conversion |ayer
was coated an Interlayer Coating Solution, according to Table 2 (in a 90
wt.% 10 wt. % sol ution of isopropyl alcohol/nmethyl ethyl 10 ketone with 9.3
Wt . % sol i ds) . Omito thedntztlayeg was soatied s=Transfer Costiog Sehitiof aecdriling konTatde Bf t he

%t er 1y R0 Bk 9 ol 8 BRI oty e ol SRR, s 6 05
4.76 onowish IBvE% sblid)IThiSesdting wwas Bl OV (cured e YhicknessTaRsredfltidd ' ac
| at e, avail abl e f.rom Sartoner gacureTM 369 4.5 | uorescent

LPA) I
Dye 1.12 R ohvin Biad: Al @W'}'ﬁ'ﬁ“o the interlayer was coated a
Transfer Coating Solution, according to Table 3 (ina 80 w /./20 w.%
sol ution of propylene glycol nmethyl ether acetatel cycl ohexanone wth 15
Wt . % solids). This coating was_dri ed®¥B Uv-cured. The thickness of the
resulting 5 transfer coating FeansfesCoating8olds, 1 to 2 nicronmeters. Table 3

Transfer Coating | i ds Conponent Parts by
_ Component Parts by
‘ Weight
Monastral " Green 6Y-CL Pigment (Zeneca, 70
Charlotte, NC) _
GN Yellow Pigment (Bayer AG, Leverkusen 30
ermany)
Eisperbyk"’M 161 (dispersing aid, available from 18
yk Chemie, Wallingford, CT)
G-Cryl 6005 (resin, available from Henkel 102.5
Corp., Cincinnati, OH) '
pon SU-8 (crosslinker, available from Shell 114
hemical Co., Houston, TX) _
S510 (methacryloyloxy ethyl phosphate 1.12
vailable from Daiichi Kougyou Seiyakyu,
apan) '
10
Example 2

Preparation of a Thermal Transfer Element
Another thermal transfer element was formed using the same layers and procedures
as in Example 1, except that the plasticizer PM-2 (di(methacryloyloxy ethyl) phosphate,
15 Nihon Kayaku, Japan) was used instead of $510. '

Comparative Example
Preparation of a Comparative Thermal Transfer Element
A comparative thermal transfer element was formed using the same layers and
20 procedures as in Example 1 except that the amount (1.12 parts) of plastiéizer S510 was
replaced with G-Cryl 6005 and Epon SU-8 in the same relative proportions found in Table
3.
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."- 1. Weight Mnastral Green 6Y CL Pignent (Zeneca, 70 harlotte, NC GN
Yel | ow Pi gnent (Bayer AG Leverkusen 30 Germany) isperbykTM 161

(di spersing woduraynil able from 18 k Chemie, Wallin ford, pefiusodaigds 6005
(resin, available fromHenkel 102.5 | ., Cncinnati, OH pon SU 8
(crosslinker, available from Shell 11.4 hemcal Co., Houston, TX) S510
(et hacryl oyl oxy et hyl phosphate 1.12 available from Daiichi Kougyou

Sei yakyu, !'Man) 10 Example 2 Preparation of a Fhermal Transfer El enent
Anot her thermal transfer el enent was %or rﬁd usi ng the sane | ayers and
procedures as in Exanple 1, except t pI asticizer PM2

(di (met hacryl oyl oxy efiistnial MR 0ng &2 Hichall 1AMty Elcliaag) Was used
i nstead of 5510. Conparative Exanpl e Preparation of a Conparative Ther nal

Transfer Elenment A conpifferampdestland2and the Comparativelxamples for med using
th I anmount
e sang |ayers pag of i m&aﬁsﬁwsfé eﬁﬁlehtg oﬁggeﬁgh% 1#36@%& dg%’[%%ér%gvg

(.12 parts%igof pl astici zer was . Epon
su 8 in the mem@mmsed qmt@pslass auhs;ram e/b¢ams et tvo 10W, 5@glamnaie/ f17793
PCT/ US00/ 01 N h Tra sf.er
El ements o Gvaé@i 5@3{%@%’ eﬁ'g&éofﬁrgsaﬁ |v%éé (I‘é’f(fl"t’r’r‘%ﬁeﬂq%I 8?"’% he

thermal tr aasﬁhmrgellvenmﬂta' (CambridgeThstmmbnta)) dTl2 bemds e fSinrehomd theanedia

through an f-theta lens system, to a laser spot size at the image plane of 30 um x 420 pm,

10 (measured at the 1/¢” intensity points). The combined beams were scanned at a linear scan
speed of 10.5 meters/second, in the direction of the major axis of the focused laser spot.
At the same time the beam was scanned in the linear direction, the position of the beam
perpendicular to the scan direction was modulated using an acousto-optic deflector. The
amplitude of the modulation was approximately 120 um, and the frequency of the

15 modulation was 200 kHz,

Linewidth of the transferred lines was measured with results provided in Table 4.

Edge roughness of the transferred lines was compared by determining the standard
deviation of the line width using linewidth measurements at 0.2 um intervals along the
line. These results are also provided in Table 4. The results show that the addition of the

20 co-reactive plasticizer increased the transferred line width and resulted in less edge
roughness.

Table 4
Line Width and Edge Roughness

Line Width] Edge Roughness
(pm) (pm)
Example 1 80.7 0.568
anmple 2 77.6 0.544
Comparative Example 75.8 0.784

25

The present invention should not be considered limited to the particular examples
described above, but rather should be understood to cover all aspects of the invention as

fairly set out in the attached claims. Various modifications, equivalent processes, as well
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Exanpl e were imaged onto a gl ass substrate. The beans framtwo | ON single
node Nd: Vao3 | asers, operating at a wavel ength of 1053 nm were conbi ned,
and scannewoushy®s a |inear gal vonormeter (Canbridge |nstr pepRissoorssghe Peans
were focused onto the nedia through an f -theta lens system to a |aser -
spot size at the inmage plane of 30 mx 420 m 10 (neasured at the 1/e2
intensity points). The conbi ned beans were scanned-at a |inear scan speed
of 10.5 nesensesws stuctutestowhichithe praserd invehtiorhmayrbe appliaatile wilf bé feadifyocused

| aser spot S SC nned Jn.the Jlinear djrection,
t he posi tlagﬁartce)?tt?ﬁlﬁsg gafh lllgeql%gﬁ&o gifniéﬁatp(gesfﬂéng%‘gﬂnlﬁ rectel BROBERVIEN, du | at ed
usi ng an asfehsinstantspecifichtibhect or. The anplitude of the nodul ati on was
approximately 120 m and the frequency of the 15 nodul ati on was 200 kHz.
Linewdth of the transferred |lines was neasured with results provided in
Table 4. Edge roughness ofthe transferred Iines was conpared by

determ ning the standard deviation ofthe line width using |inew dth
measurenents at 0.2 mintervals along the line. These results are al so
provided in Table 4. The results show that the addition of the 20
co-reactive plasticizer increased the transferred line width and resulted
in |l ess edge roughness. Table 4 Line Wdth and Ede Roughness Line Wdth
Edge Roughness mxanple 1 80.7 0.568 xanple 2 77.6 0.544 Conparative
Exanple 75.8 0.784 25 The present invention should not be considered
limted to the particul ar exanples described above, but rather should be
understood to cover all aspects of the invention as fairly set out in the
attached clains. Various nodifications, equivalent processes, as well 20
WO 01/17793 PCT/ USOQO 01646 as nunerous structures to which the present
invention may be applicable wll be readily apparent to those of skill in
the art to which the present invention is directed upon review of the

i nstant specification. _

2]



2T W01117793 PCT/ US00/ 01646 WHAT IS CLAIMED I'S: 1. A nethod of naking an
article, the nmethod conprising steps of contacting a receptor with a

t hermal tranwbawmbenment conprising a transfer unit, the Sdmusowdees unit
conprising at |east one layer having a binder conposition and a

pl asticizer; thermally transferring a portion of the transfer unit from
the thermal transfer elenent to the receptor; and reactively coupling the
bi nder conp¥HADIS GhAITMED ¥8:asticizer in the portion of the transfer unit
transferred to the receptor. 10 2. A thermal transfer el ement conprising:

a substrate; and a transfer unit including at |east one |layer conprising a
bi nder conpositian anA methqd afsitakinigzamrartiold) éheanethddeoniphisingwteps ofinsf er el enent

is configured and arranged so-that the .15 binder conposition and th

pl asticizer are 8%%‘5‘1“5%6?“@8‘3 Wﬂgﬁtﬂf"ﬁ@a‘é‘f@gﬂ eﬂ;rgwgfttgrgpréqan%a ﬁﬂ?s:qrblﬁlt’%m t he
transf es unigfanifer whit' RMPHEIAE at Idast ditlayee hivdiflg bindérofiipdsifitn drden plixticized;
transfer elenment of claim2, wherein the pltast I.cl zer errlgs. a g'lg)qaés
transition tenpethermally tansteminganortionof thefransteryunit fram the thenms} €laim1l or
t he t her mal eie!ix‘?bﬂ?foqrne%kéﬂﬁ'”indo‘c claim2, wherein the layer conprising the
bi nder conposition and the’ plasticizer has a glass transition tenperature

of that is at | esactiveliEdupling the binder compesitienyand the plassigizer indhgpertion efther . 25
5. The methqd of clai | e step of reactively coupling the

bi nder corrpq%s .|%ﬁgﬂgﬁ%@§§§}§%&2er conprises co-reacting the binder
conposi@ion and the plasticizer to forma polyneric conposition. 6. The
nmet hod of claiml, whergin fhe st of, react.ively coupling the binder 30
conposition and tjzhe pﬁéﬁﬁqn&fmé:elﬁﬁwtscggmgg%sl i nking the plasticizer and
t he bi nder conpasibst@e; anihi S Sheet Has Been Repl aced 22

"2t digtirryptiitflh, 2 120 10t,, ~ 111 IN 1111 S . ) ..
: : a transfer um% including at least one layer comprising a binder composition and a

plasticizer, wherein the thermal transfer element is configured and arranged so that the
15 binder composition and the plasticizer are capable of co-reacting after transfer of a portion

of the transfer unit to a receptor.

3. The method of claim 1 or the thermal transfer element of claim 2, wherein
the plasticizer has a glass transition temperature of no more than 25°C.
20
4, The method of claim 1 or the thermal transfer element of claim 2, wherein
the layer comprising the binder composition and the plasticizer has a glass transition

temperature of that is at least 40°C less than a same layer without the plasticizer.

25 5. The method of claim 1, wherein the step of reactively coupling the binder
composition and the plasticizer comprises co-reacting the binder composition and the

plasticizer to form a polymeric composition.

6. The method of claim 1, wherein the step of reactively coupling the binder
30 composition and the plasticizer comprises crosslinking the plasticizer and the binder
composition,

/ \
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WO 01/17793 PCTI US00/ 01646 7. The nmethod of claim5 or the thernal

transfer elenment of claim2, wherein the binder conposition conprises a
crosslinkivwgopgess . 8. The nethod of claim1, wherein thepstE&onicss
reactively coupling the binder 5 conposition and the plasticizer conprises
phot ochem cally reacting the binder conposition and the plasticizer. 9.

The nmethod of claiml1l or the thermal transfer elenent of claim2, wherein

t he bi nder conhosi tThermethodof it Scorithehermal eansfer elémel of dllien ZB4Heesn of cl ai m

| or the thernal transfer el enent of.claim2, wherein the binder

conposi ti&'ﬁiﬁﬁgb?‘?%ﬁ‘&"&?'gﬂ'é’reéPr‘fb"ssa]ﬂ\i;‘ﬁ'(g.agi’it: The method of claim i,
wherein the step of thermally transferring a portion 15 of the transfer
unit conprises selectively irradiating the thermal transfer elenment with

light, wherei n8:t he Theapethed eficainyle whereinthe step ohisastively eoupling the bisderat
conver si Oébdlxﬁaéﬁfonfaﬁd tHIDMRGELE &ﬁ@hsesg,haﬁamﬁémgtleadtﬁnégg dgpn- 12. The

met hod of cl'aim 1, wherein the nmethod further conpri ormng an 20

el ect r oni eoneposisionyand, therplastieieert r ansferred | ayer as at | east a portion of a
conponent of the electronic display. 13. The nethod of claim 12, wherein
the step of formng an electronic display conprises formng an electronic
di spl ay using 2he tTheeéthod efitldimylcor thesthetmal trassfercelgnuent bHelaiaf 2, vitferain

conmponent ed fr t . consi.sting of -color filter, black matrix,
and spacetrh.%%k‘?gwof‘ﬁlgbﬁ&ﬁpﬁegﬁz’fn P& 8ent of claim2, wherein the binder
condosition conprises a conpound selected fromthe group consisting of
phot ocat al yst s, and hotoinitiators jo photochem cally co-react the binder
conposi ti on an 'theT%‘Bﬁ‘?‘{‘}?%ﬂml%'dﬂi@F"ﬂig“H%@ e"}/PﬁﬂQ'Pb%"@}e%nt of
claim 2, ineeindencdniifsition Somprises b dispeMingagént. @ conpound having a reactive

functional group selected fromthe group consisting of 23 This Sheet Has
Been Replaced ILILLELLELEEErerrerrrertr hht*h*f" 11223 "liii "1S 1111 WO

01/17793 PGI/ USQ0/ OfifeARethGPSPeldi 1, WRBRAXtHE step BFthErmdNy HfaR¥fkiring a portion
et hyl eni c-unsaturated, vinyl, acrylic, nmethacrylic
15 of the transfer unit comprises selectively irradiating the thermal transfer element with
light, wherein the thermal transfer element comprises a light-to-heat conversion layer to

generate heat in response to irradiation.

12.  The method of claim 1, wherein the method further comprises forming an
20 electronic display using the transferred layer as at least a portion of a component of the

electronic display.

13.  The method of claim 12, wherein the step of forming an electronic display
comprises forming an electronic display using the transferred layer as at least a portion of

25 a component selected from the group consisting of color filter, black matrix, and spacer.

' 14.  The thermal transfer element of claim 2, wherein the binder composition
comprises a compound selected from the group consisting of photocatalysts and
photoinitiators to photbchemically co-react the binder composition and the plasticizer.

30 |
15.  The thermal transfer element of claim 2, wherein the plasticizer comprises'

a compound having a reactive functional groﬁp selected from the group consisting of

23
This Sheet Has Been Replaced -
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am no, ester, mercapto, labile halo, imno, carbonyl, sulfonic acid, and
sul fonic ester "functional groups and any functional group that is capable
of partici pWPAYL?"} a Diel s-Alder reaction. 5 16. The t hePERUSUGS er
el-enent of claim2, wherein the plasticizer conprises a phosphate
conpound. 17. The ther mal transfer elenment of claim?2, wherein the

pl asticizer conprises yl oyl oxyal kyl. hosphate 18. The
thernmal tra @f‘%ﬂﬁh? ‘il&fﬁ’?‘m ?ﬁ %"F'};'E“Sﬁrﬁ'r‘ Yilaﬁ@’ lig, methpgrylico- heat
converter dimipeSattr,iRéreaRs) idbie hmubﬁﬁ:ﬁ@tcsrbaﬁﬁ dultBnit 2818 Sindsulfdtit estd> 19. The

t her mal transfer eI ement of claim 18, further conpri si hg an interlayer
bet ween t hefuncional grouprasd any fitnetianabgroup.thet is sepableiof participsting inaDiels-Attiers
Sheet 24  reaction.

5
16.  The thermal transfer element of claim 2, wherein the plasticizer comprises

a phosphate compound.

17.  The thermal transfer element of claim 2, wherein the plasticizer comprises
10 a (meth)acryloyloxyalkyl phosphate.

18.  The thermal transfer element of claim 2, further comprising a light-to-heat
converter disposed between the substrate and the transfer unit.

15 19.  The thermal transfer element of claim 18, further comprising an interlayer
between the light-to-heat conversion layer and the transfer unit.
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