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PLASTI Cl ZER- CONTAI NI NG TRANSFER LAYER AND THERMAL TRANSFER PROCESS 5 Fi el

of the Invention This invention relates to thermal transfer el enents and

met hods of transferring layers fromthe thermal transfer elenments, as well
as the articl ggo éiarfed by these nethods. |In particular, t%f,%\g@&tﬁiéon
relates to thernmal transfer el enents having plasticizer- contailning

transfer layers and nmethods of transferring |layers fromthe thernmal

transfer 10 elenents, as well as the articles formed by these nethods.
Background of the Invention The thermal transfer of layers froma thernal
transfer elenment to a receptor has been suggested for the preparation of a
vari ety of products. Such products include, for exanple, color filters,
spacers, bl 36aRMNETRANSFERAGIEMENT WhIHaA iPLAFTSCIZER TOONBAINTNG CRANSFEROEAYER ,ANDS

di spl ays (f OHERMMarRANSFER PRAGERS crystal and enissive displays), pol ari zers,
z-axi s conductors, and other itens that can be fornmed by thermal transfer

i ncl udi ng, for exarrpl e, those described in U S. Patents Nos. 5,156, 938;
5,171, 6505 5,244,770; 5, 256,506; 5 KB&8dof@Inventiohl, 938 5 521, 035;

5, 593, 808; 5, 605,780; .5,612,165; 5,622, 795, 5, 685, 939; 691, 114,

5. 693, 446: and 5, 7105 U@?ﬂ%ﬂ*}delﬁ(ﬁ“ﬁ%ﬁf@ﬁ'ﬂm}&ﬁﬁ] q‘%%&ﬂﬁc?ﬁé %@dmf/tossfam&nd i,

97/15173. 20 Ifersiidnythe thetha SAndkr QLS asWRE Qb te 2R3 RsImBE GRS RANARRES are
i mpor t ant facltlors in he rranuféa}cture of the p e(l)duct Anot her factor is the

size of the t BR¥THlarche BFRtiog eleles tothermyl trapsii claments bpwipe plagticizat for a

gi ven anount @Bnthhﬁgmbsf&n@re@)andﬁﬁt}ﬁ&s DtARTrEng 1APEH fromi thether@fal @iBRF Shapes
are tran {%erre t he |inew,dth. [ t@ of t e shape depends on the
ﬁ‘ﬁ‘g B,

si ze of ? e rggf'?f“f"\/’éwé’ @?rg’ﬁta“l’fesf‘?r SR TR®ESt 0 pattern the thernal

transfer elenment. 25 The linewidth or dianeter also depends on the ability
of the thermal transfer elenent {Qoi.téad%lBe VG- Near t he edges of the
resistive elenent or |ight beam d to the thernal
transfer el ement nﬁ&etbgmbm@doflwmatheanmrensffzsleé;qmnttgamqemb@tst er

thermal cond U‘Béén%[i%gekt% for tREIrEPRkatibR 56 vaPiQ{;//%f ﬁ:%ﬂ§dt§ ' S{x‘%h hfoﬂﬁﬁi i‘?xElu@eO?cIr' ngs,

and/ or better heat” conver si on pi cal 't newi dt hs
or diameters. ewﬁe celpefifters spacers.blask “Iiﬁ"ﬂ?%t’@'ﬁ”@&h Pﬂéteéc'rf‘élﬁtl eqdﬁ,on of the

efficiengy of gishgydrselBhpit, 1RO FYstal kI BRMsive AishlayS, foRRiz&? Maxis conductors,
and other items that can be formed by thermal transfer including, for example, those
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 Appliéations Nos5.98/03346 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 elemeﬁt.

25 The linewidth or diameter also depends on the ability of the thermal 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 thermat 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



WD 01/ 17793 PCT/ US00/ 01646 performing the thermal transfer function. ~TofEB 200k
address .t hese issues of the thermal transfer process, new nethods of

thermal transfer and new thernmal transfer elenent configurations are

devel oped. Summary of the Invention 5 Cenerally, the present invention
relates to theWedl/1t7Pansfer el ements having plasticizer- coPCHUSML46
transfer |layers and nethods of transferring |ayers fromthe thernal

transfer el enents, as wel | as the artlcles f or med by t hese net hods.

enbodi nent is _a

art ept or S
brought into EERTE m" R %hgrmama?'ﬁer rar pt t allr?s grre ssé{']eé?’rﬁﬁies ?ﬁgf memﬁqﬂaﬁg
transfer unit phﬂVSsng“amcthmsf themel transér and dew therbiantasfed lercanpati gtnaonnsand a

pl asti ci zer. rt|o of the transfer unit is thermally transferred to the
receptor. Thi % ‘% ep transfer can be acconplished by, for exanple, using

a thermal print head or radiative (e.g., light or laser) thermal transfer.

After transfer, the binder como&*,ﬁhgﬂi@%ﬁb&tghastlm zer (in the portion
of the transfer unit that is transterre eceptor) is reactively

coupl ed. 35 Anot hePeremblydtherpiesent invention eglatesito theemnd fransfeselements havieg | ncl udes
a substrate agagﬁ.ze}mﬁa&ﬁg tritfber iayalafana ﬁ@tﬂ?&s%‘?trﬁm‘e}ndg‘t'\ﬁ)le\"sdf&n%thé?@?lt one

| ayer having i nder conposi tion and sticlzer t" are capa
co-reacting atmeesferclemeniseaas wsil aathpefttclcé@fmed bihtesemetholde r Ongnpbodimengis 2

receptor. Yet ,piglkRemeRYAHARR 1nitRis ARtHRE rEéeBtoP RatougRGhidd6mad widlst rat e '!
and a thermally 20 transferred layer. The thermally transferred |ayer :

i ncl udes a bi Hisenal saniersiamentibatigrlugdes o ransfer uniyaving|shleash apelaps avithadindsact ed

subsequepy t oc&rhﬁositroaraﬁé semam.ze.hea baBEATEH the/trdnsRNGHGE e Shallly B¥RTerfddqoUR
thermal transfer elenent. In these enbodi nents, the plasticizer is

typical I'y sel ECERer. {hissthermek tragster ‘Eaf‘é?ﬁé‘FcéP‘P'é%‘c‘ébY» .f%rcfémﬂ?- using 2 thegmphprist 5

pl astici zer 05ea|aloas5dww@rgs ﬁgm/érn@egt&hammﬁgmnmkﬂms&emlﬂﬁewe of 25 no
exa ticlzer

more than 25C can be c 0
pl astici zers eSS LoE AL, kﬂ%}*cgqev@" @ﬁ@fﬂﬁr’ag ¢ Fasfr B PRI Y gl ass
transition tefaaema.gigrreact,b\a} cdupled! | east 40C | ess than the sane | ayer

W t hout t e plasticizer. The abqve.s of the resent I nvention i s not
i nt ended!} o descr i f#ethereppbo ﬁﬁﬂ?&fﬂ%@&fﬁ%ﬂﬁfcﬁ@ﬁww aé\?&'r“?ﬁ“r?ﬂﬁ’sérﬁ?n’f‘glai on of

the present. | fuefriugi. Tﬁh&nﬁbgwtaachadtd at ledt meaydﬂtaaing%uﬁeswmplahn@mamh i ch
fol low nore pg Halst?c?zle? trhla arg é(a% {' %-rtegc?ﬁg a r;?rggslfer oP a portlclm of the transfer unit to
a receptor.
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.



2 - 6 FEB 2004 WO 01/17793 PGT/ U500/ 01646 Brief Description of the Dravitfiggli
The invention may be nore conpletely understood in consideration of the
followi ng detailed description of various enbodi nents of the invention in
connection with the acconpanying drawi ngs, in which: 5 Figure 1 |s a
Cross-secti onayoyi/@ysof one enbodi ment of a thermal transfeg6l&0E

containing a transfer unit, according to the invention; Figure 2 |s a
cross-sectional view of a second embodi nent of a thermal transfer el enent
containing a transfer unit, according to the invention; Figure 3 is a
cross-sectional view of a thi rBrieercsdi-in_ﬁMorcthenr:Mi&zsrral transfer 10

el enent contai ning.a.tr nsfer uni t ordln to t.he invention. and Figure
2 Toa oross. sect | TR RRE Py Sk R TRRg uBth R SoriBehbn fikhe T anot o
el ement cont afoﬂlbnggdeﬁanmﬁ@ipt:wnoﬂvananmddmgntbofmb&vbmioaﬁﬁ tarnectibhiviiea t he
I nvention i s anenabl e l QUS | fications and alternative forns,
specifics t hel'& B?COWQW'% ﬁw'g%s %‘9@3’ way of exanple in the draw ngs and
will be 15 descri ti&ghre Inlschedruslfsecnbhal&mdfdndaanhudﬂﬁnsbbaxﬂn:mhbwmsmr glemamt t he
intention is Qnﬁ’]am I I.erum Jnvention ‘ge(r)mt)he particul ar enbodi nents
descri bed. On*YHE"¥%h l'il”"’os\ry, b AECOFUREIRHEGR P 0 cover all nodifications,
equi val ents, and ahguee mma nrm-séa:bhal wg:mﬂaheaond aebaihent bof atdrsat apesfef the
i nvention. Detla "E rg)e gf t edPrtefﬁrred Enbodi nent 20 The present
i nvention i s BEPFEGE F'SEB a'ésgeﬂluf“éaaﬁfoé PE IO GIYREIo%, ansfer el ements for
transferring | ayerlhgttrma;arceompewnal aewdlalthislembetinedsoffachertnabtnsikfer ri ng t he
| ayers art,cl made usi the n r.elements. In

parti cu?@? ﬁemenr ggne“ﬁ?m% ﬁ\![l/%'h el(il(‘)“ﬁ'tlag‘15 (?&ngl%tﬂé "?e"ﬁ tk?é‘?mal transfer el enments
with a plastici zerFigmm# islmrmwg-seatlaanvgw dfayaurth eabodieicht aia tineinblackastef or
transferrin h r n na usi ng the thernal
transfer el grﬁ;aln gt c@@ﬁﬂﬁé? .%‘.%’ eer%Bl?eag%oraﬁi E#%\/lgen'fwegﬁg?s no'? so limted, an
appreci ati on of vdﬁhlmbe msgeioh & apfenatiieto Manwnmdd’wawdsIand)dtegmtmeﬂ)rmhrough a
st on Ohsoblifc HARRES, REUIAG, N e R dhviblnh Siffbe

(met h)acryl em cal nane re acrylic
functiondl grdaspedmidetamitshngd bwndw#mﬂﬁmydn tbatfthmotenmb nofrtolipét. theThe
T oo Einith R hachlfle CAbbYmEADLALARA A0 iEAShrfty dRORIenBbiPR IS 2L © and

a 30 transfer unit that es at [east one plasticlZer-contalning |ayer.
| n oper at i on, coxeqnbirmadgfications, equivalents, and alternatives fal]mg within the spirit and scope of

the invention.

Detailed Description of the Preferred Embodiment

- 20 The present invention is believed to be applicable to thermat transfer elements for
transferring layers to a receptor, 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 not so limited, an appreciation of various aspects of the
invention wil! 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

3
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of the transfer unit is transferred fromthe thermal transfer el ement 6&h8 2004
t he donor substrate i 3 -6 FEB 2004 WO 01/17793 PCT/ US00/ 01646 to a
receptor. Figure | illustrates a thermal transfer elenent 100 with a donor
substrate 102 and a transfer unit 104 including a plasticizer-containing

| ayer. Ot her Iw@gewig7%hat can be incorporated in the thermeHCTIUSaMSBe

el enment include, for exanple, a light-to-heat conversion (LTHC) |ayer, an
interlayer, and a rel ease Iayer Each of these layers is 5 discussed in
detail below _ Any of t eselélyéers ca fo med on e or sybstrate

.do
and/ or  pr evi'83<FSPGr eyt ?rﬁ'}? ﬂ}gﬁﬂﬁﬂﬁmf'}‘dh@wﬁ?ag?@ﬁé "U&ing a
variety of tem:mmquesnsfummahomyludiepepdsncmer-bmmng Iayewamher fagerk kit gt ur e of

the materials used for th Suj t abl.e t ni que formngthe

| ayers incl uo@‘"‘?%?‘“@ﬁ%r‘&)ﬁ‘é é??éfﬁ“‘&sg "'p‘ﬂ%‘f E?f qb\‘}"&’ F?' RigadFeti on,

iput t ]gzrl n%, Sw_?ﬂerﬁiﬁﬂ(ﬂ']!}m‘,) liyet, lan GR@talérgandandledse ger. Eadhiof e lapds et hods. 10
ransfer _Unit e

rapsfer unit includes all of the | rs t can, be
transferred fHseh gl belaw- ‘?’P’é\%é'?eéer 3Sre A be forpgd on &‘éﬁg?"éf‘%ﬁf‘? apdlar have
aI si ngl e | ayegredibustifolhé layerofatietherMNal trefei eléman ushig & VEiREy dfagcamauass a
pl asti ci zer-co I ni | aye At | east one st | ci.zer | ayer is
15 typically %'ﬂr}gll? Rg’(f @. ff;?"i‘sﬁ"‘tpr‘fg PH ?Wﬁ\‘mt"f W?Pa'éflgﬁg tﬁ? @y?r rm an i
exterior SurfS\ﬂﬁbl@ﬁechﬁlﬂuestfﬁr&'ﬂﬁrftﬁgthbllhlyérsmlddb,abr éxample) chethical andphgsixat ai ni ng
| ayer is brou nto.contact with the tor duri transfe
i nder of PHE RpEE rehe. ingreen <fang e Bl pOARE Rl ortneg
bet ween Ilohe ext er| or plasticizer-containing |layer and the substrate.
Addi ti onal gjf the transfer unit can be fornmed using a variety of

material s and Mations, 20 including those described, for exanple, in
U S. Patents Nos. Bmplﬁﬁsfé}?.ﬂn n&}uﬂé’sla,lﬁﬁ‘@he layershat, czﬂ&msfzﬁﬁz E@ﬁ;hcﬁh@&m 496;

5. 685, 030, 5, BEHedgent: Tl wie QR B Gfingle A piiinte B B67 af R ene i g
| ayer of the dfitbass fagers isd plasticicériedatginag ldyeasht leasmrmhbnstlmmmpugnmgdmela!nd a
pl asti ci 15er - g%')%al dp%lsxtnoﬁ)éa v.? hmol#xg‘ %*&%ﬁ%&fe@%&n{eﬁqg?o‘?‘mtan%xtgl%llsﬁﬂ%dg%f o>

tenperatiire a VI SCOSIi osIt tate the
transfer of ttamsfer anss‘oehatmpdastx@zetmentmeme;lﬂy@rls brghd ime tonast yitly the

addi 11 onal | Y. coldifor A (i3 TR c@ndiddet 6the 0L of RELHRRPuliDE WMARACLT ON

between the b |on an receptor surface so ‘The binder
conposi ti on apfisitions] w@enhqe@tmh@lmgmconmmgﬂm@nd the substrate. Additional

layers of the transfer unit can be formed using a variety of materials and configurations,
20 including those described, for example, 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.
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 andfor 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,

4



The bi nder conposition and plasticizer are selected so that, after - 6 FEB 2004
transfer, the 30 binder conposition 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

| ayer to prev -4;.educe the diffusion of the plasticizer ' nt
| ayers, 4 6 Fe a0 63/ 17903 POT US00101646 Hev ces, el E‘ErFe&H?‘Q%“?%?

conponents of an article that includes the transferred Iayer. In at | east
sonme applications, diffusion of the plasticizer out of the transferred
| ayer can har gavices|afengats, cofipseanyf ahatitlethat inclades theqtdnsferrédlypsrs In stevi ces,

el enments, or corrponent of t artrcle The pla ci ze bounq to the

bi nder conpos‘ef‘slté?f“‘fﬂpp ?%W"%Q%?EO#%"EBSHWWS‘F géﬁ’ fra%s %?edi"r 5"s§a"qﬁaﬂﬂ’| ng of
exarpl 6, & UhGLIE S s S oL Sent w1 Dl ast LCr 8T Con ol nG | ayer  oan
be wused in tHBCLFOF?ﬁ%ﬁF%‘ﬁ‘ZEﬁ‘S é?f‘nglt‘éﬁ‘[%@ﬂ?ré"’% YT GAMPdh LCD -di spl ay) .

The thermal tgpaBhRiizatBh @FBIBLs-IERiNgbf B pliseszer @nmﬂmtaine t&agdned dfene i on of a
conponent “of the display, such as, for 10 exanple, a color filter, a black

matri x, and/ OP‘“Q‘TS&E‘@P%““"’I“n this appl i cation, the presence of subst ant | al

anount s of unbounded legiwipl&; la 2Rrmélirads e vdnigal Whif;l&ﬁﬁ:fz@f-écﬁﬁ:ﬂxﬂg/ﬁ&ermaﬂhé harm i,
or damage the function of aother portéons of the d { ‘131 f or, exampl e,
dihle %

di ffusion of b§§e inthe fumpignafan electrqnig sa'%fane'éma. edhpsmaltrans
portion of thgeRkma%bilgbeeded s fobmatieasba poteion otraosasmpsme‘nt @ﬂih@a.sﬁikye sidhansber r ed

| asti ci - t aj ni I d 15

P Si nglte pl 8Pl 3 BoUes AT ITALY RGP s i Bis 28PEG N5 TRt o Tho -
gl atSt Ibfl Ze:‘ Sidktam@l andEniiTRRbsund 9lalstgﬁa§ﬁfnlaﬁherﬂlﬁl|)pﬁér¥fétﬁ'&d liy&(}ﬁit RBALtREm or o
uitabl e plasticizers. in ou . uce en oint o
Che. bi nder cofstsh Hieginife o e PRERE Phfte dibliy by Efaripit ARGH08 b o £ b
the bi nder copipgisized. dn thiRaseideandingciubaaralal gprdarxs tEH]\::lasncﬂzude;h thebinderanpl e,
oot i t) i HPesiief SRR e aniity SR B g sl
haljo, im]'csno, Q.adah?gigll sulhfonl c acid, and sulfonl C ester functlona: grfgps
and an uncti ona u at is ca art i Cl A
feact on. Beanp! oot nElE Rstitifes oty SEBRM Sup GhefiSton @R sl 2t Beidhas oo
(such as, for c@)bﬁﬁpﬁ@pm(eﬁetohgmrycl mplot;m;eab kothpqohd sflitable plasti@ers include

pol yoxyet hyl e”e 2 b’c{ﬂt gtg%d:;ur‘n{/aeSt ening Q‘m%’&%esm chne%%%ong.gf ﬂa‘éé‘tr%a}!&ée

gl ycer ol and I'VES, penes and® eriva
hal ogenat ed hmdctﬁmalr gdroups cobipd withl the bznder composntion Reactlve functional groups

20 include, for example, epoxide, carboxylic 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 fayer 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



having reactive functional groups. Suitable plasticizers for the _gFEB 2004
pl asticizer-containing | ayer can be selected by a variety of nethods. For
exanpl e, plasticizer(s) can be selected to substantially |lower the glass 30
transition tenperature of the conposition that forns the

pl asti ci zer - combai/rag | ayer as conpared to the sane conpogitisomorsad hout
the plasticizer(s). For exanple, a selection of i 5 -6FEB2G4 WO 01/ 17793
PCTI USO0/ 01646 appropriate plasticizer(s) can lower the glass transition
tenperature of the plasticizer- containing |ayer by 40C or 50C or nore.
Anot her et hotppEIPria IPéf’éf'?'?ﬁj(%%ﬁ“t’%réhe;ﬂ‘a%g’ﬂfi“ﬁ’% Fe(“?fmf"r'i"c?ﬁ}%%'a%%?g

plastici zer (S}onkfidhg 129865 48°@bspSc bf @HR!I tion tenperature bel ow room
tenperature (e.g el ow about 20C or 5 25C). In sone instances,

pl asticizer(s) t ha@noalreé methqd ofiselegting sytsehle plasisizer(x) insludesausing plasticizer(Fhtbalg| ass
t tion t
mon  ans TRSLIML B3yl T bl DA SRR L G} A o

conposi tions can genera
scanni ng 5 cal M‘Cﬂehrspm_(:DSthesTﬁiauglmsxthmramqudmrdnmmpa&umeara cshoseylpl cally

defined as the respective T. "m dpoint. tenperatures T,.,,)
as defined in ASTWE]&%’@%“&W&"’B§°"T588'é?seqﬂ10g§' cﬂg?sﬁ%"df%é"aéeéﬁgragp pr ocedur es
and practi CeScmmﬂtrdmibah@ez&ﬁﬂMbEﬂ&Eﬁune(dS&ﬁQ,d‘&fdafﬁﬁ&Idl%’blﬁlﬂdscﬂ‘aﬂhngﬁssI gnrrent i

of the d ass Tran5|t| fer nt i i metry -
o Dfteronti o BRCh IR feEer kmegRbifk By pE AN ™ Y
conposi tions a.r.émﬁipbiht-ﬂ‘emﬁérhﬂum’ @lrutl [spT; <CDhs) ra@ dfinied én ASSFM;EIM& ardtasheat" MDSC .

data is pi cal | I n hedter nati on of materi al s
(that & 5195 Safire s fie spterst Broslie ol PRtieR] mRvided MESIMEEES S houi G be
omtted). | f (Snerddrd Tesn Mgrbodyor Asfgpae:ﬂtaﬂmeﬁlamfrdnheaeTmmmra&@a are not
readi |y obtai C ven ulated differenti al
scanni ng cal Op? ntta)’%ﬁﬂgréga or: §9:amer QISA 8@?’?)) Ef%cause so %':’ nlieu
of conventi ontk nﬁ&ﬁahmhd]mjﬁposmmstakmﬂ‘ reacam;i/ofco—macnvb,eoﬂlje‘tf‘escrheﬂéd usi ng
MDSC net hods ]Iaﬁﬁal'g ng,to the n [ 0 i rovi ded
in, for exanple : gt 'caﬁ T'ggye? %ﬁggg‘?ﬁg& ?Eﬁf‘f Ogﬁecsée E?S%%%ISE&% BDSC

" Corrpenkﬁl um Begslk2 fﬁhb&)‘f&oq&dt&kbspummﬁtﬁ@lrhtbrﬁﬁdmuatbmtted%dul ated DSC ""
Theory (TA-211B), luc | i % ,
Enhanced DSC d aslgh%?gns pfgg'ﬁ%@gg{t}?eesngﬁyag Qfg aR%g” racé}%r I'zation of
the Effect of usitfetconventiosal DSCasrthaods, rendulgred [differentiel SWHN@S@OJWIW @EpSC)

methods can be employed to measure Ty, in lieu of conventional DSC methods. In these

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

20 and practices provided in, for example, TA Instruments’ technical publications Modulated
DSC ™Compendium 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® (TS-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



25 In addition to the plasticizer, the plasticizer-containing |ayer . (fBZWﬁ
I nc] udes. a binder conposition. The binder conposition typically inclu

one or nore binder resins. The binder conposition optionally includes

ot her additives such as, for exanple, dispersing agents, surfactants,
stabilizers, cwWoIMII7PKi ng agents, photocatal ysts, photo inipCRUSI®I6E@N/ OF
coating aids. 30 The binder resin of the binder conposition gives structure
to the layer. The binder conposition can include one or nDre bi nder

resins. Typical | east o of these |nd resins in some
embodi ment s, Wéf@kﬁﬁ%e‘\ ofd Wﬁ’eé}%f'lgﬁﬁ REHs %‘H‘g Wl"gaﬁf é" ?ea MOROIRETIEER 2004
WO 01/ 17793 PeligddRpe/ i @%nfar@ﬁﬁadrm&a#al smtaue\bﬂfdbﬂreunﬂfor bdefiﬁlﬁk plaggdiag. can be
used including, for exanp rfgononerlc ol i gonerj c, ol yneri c bi nder

resins. SuitabPUainPR g m@%#e my{ggmifg polymers, sachas oot ?@m@r Phe&%‘l‘ﬂ'ﬁ’f'?ﬁ ng | ayer

include film{og md%alalaamam&msxﬁs;cﬂu%yx myramsﬁﬁmb@ iRNQB&AES pufﬁhﬂs
(e.q. novolak and resole resi ns ﬁ%/ﬂ\r/lnyl buty reS|ns yvi nyl

acet at es, > pol 95Ftals polgviaylidens chlor ’F’W'iy lntgd fell “éﬂ'ﬂccﬁ‘heEFé’é‘ ef}E}Fyacr yl at es,

cellulosic et hi@:rose:mwdese(iﬁ@m)ssrylaﬂalpbryamldnmhsp%%ers( @ﬁ;xp}e%ﬁ{syétm&;dool ymers and
copol yners, epox e5|ns eth Ienlc- unsaturated resins, yesters,

pol ysul phones U® 4 fegtass pol b‘ﬁ o5 AP lysdphongs) RRlvimsiss. palyamidss P"bé}{]%‘i‘;ﬁsmﬁﬁat es.
Di spersi ng aggalronited e used part|cularly i f some of the conponents of
the layer 10 are non-conp atlble Sui t abl e dlsper3|ng agents include, for

exanpl e, vinyl chl‘B’lsP"d%S‘S/Tﬁ"'rW canhedised, gartgiyixifigme of s spmpAgants of the layer

4

acet at e) {er ot @frelnanasmﬁuﬁrepcshum:ﬁspeﬁmgxagmé mm@s for%&#ﬁ;ﬂ@@myﬂ&h&i&lvﬂﬂhydr i de -

hal f ester resins, neth acryl ate ners, an opol yners, Bﬁ? Vi nyl
o

acetal s), pol SREAHEPPOLmEssaRali( V‘ﬁiﬁ‘cﬁcgtf”é cr@jopis ag} ﬁ ¥regss pakyhre e%Y“"FFydr oxy
al kyl cel | ul Oﬁﬁlenda‘ﬂﬁjrd’x\ﬁc h&if ¥ste? R&irs Clmeth)&eryIf6 hol$merd bid &pBlylnidtsOsdty(viapd

ayer 1s pr i mRy Rogkind s SRR A i papter s SHCegRe

bet ween t he r ag@ptisgfendactylid Reihs, nRoeéelfidsa ahhmlfohﬁasﬁcﬂyestetmlt I n ot her
enbodi nents, the Iasticiger contalnlqg gﬁ o i,ncludes functional
0 ‘?'Hﬁg

material S that factSPPaEROGHmEsEs,heples ayenifRripardy ugedas agy | ayer

beyond adher egghesiof laydr e fakiliatsidhesi@tbepadeh ti2teptot 21 dtkecaRgéQlin thd trinste® t he
vi si bl e dyes,

Ut avi of et alt npreedsiodhgantc sl ey 1o e S GRE SBBIER 21 ng

dyes); pi grTEnhSt,enﬂﬁ)tHaCtad:ll1§ateair'fprd#&ieriﬂhx&tlbﬁio&he thagfeatd Ry@deidndladierence of

electrically the transferred portion of the transfer unit to the receptor. Such materials include, for

20 example, dyes (e.g., visible dyes, ultraviolet dyes, IR dyes, fluorescent dyes, and radiation-
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 exampie, 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.% plasticizer,

7



conducting, sem conducting, superconducting or insulating particles;-bifghilli
crystal -materials; phosphors; fluorescent particles; enzynes; electron or
hol e produci ng agents; light absorbing particles; reflecting, diffracting,
phase retarding, scattering, dispersing, or 25 diffusing particles; and
spacer particl as.o/1e pl astici zer-containing |ayer may incl pgpushodadss €ty of
different conbinations of materials. As an exanple, a suitable

pl astici zer-containing |layer includes 15 to 99.5 w.% binder resin, 0 to
95 wt. % functional material, 0.5 to 70 w.%plasticizer, and O to 50 wt. %
di sper si ng agemtC wrif vot'h dispestini agemasd othpraadtlitivész Oncel terasfbrrids the plesicader yndabout
1to 40 wt.% | 0 ClZzer: i |l ayer for
Forming, for Siamuis SEBREHafly SUA{CERNARH SfFyspathEudtnd Y,

functi onal nateaeti éﬂh:s(ce-.rgnctlorpqag tresfer examply ghermalheonr phowichredecallp fnitiatérd Aayer

conposi tion i ' 15 2. hi OS]

pl asti ci zer, %Jl?%@é’%k%bk%@%cﬁ?%c QaWﬂﬁgﬁgge&lgm&% g%{o 20 W .

di spersi g agplmtoza:ndtoothh'ss condetinad iv g reaCrierg carr kerigéleded dalthe bladergloampbsitor er and
Al peast one SRRAE s (¥ B dofheUmbbEfths AEcdleRRAGH i PiHaRIAT d/ or

di spersing agent) co- re I'sS co-reaction can for e e, ,
thermal |y or pélpneridation t;acttiowa eointpopgnesf the bingat ednws:sltl@emgvhlclaht h'enimie: or h
phot ochemi cal al%"f)aﬂ‘!ué@% or initiator (e.g., a thermal- or 5 photoinitiator -
that is consuned e reaction) can be included in the binder conposition’
to facilitate thi sTheadasti¢izn and findes pempasition canesetreact inevapety o waysi dior i s :
primert iioa  Bahgiel s%ﬁlt: eRodifiE, 'apﬂas?gf)&‘ﬁm?mﬁgﬁlﬁsﬁ@fzert;&% aEh@H‘ﬁﬁ
conposition in l'asticizer articlpates | asticizer
and bi nder coms@slpm rr@fpa@mtheehauﬂela@sth Pﬂham)am?r@tcymaﬂs'vmrmqﬂ@w feﬂPU’i"est%lrrpl e,

in sone embodjaehhSonedts of @88ind& cBRPSItRR. B sonlRemBbiftiehtS) o RastaPbRioASF theChai N
ext ender, |ncreaS|ng the chain length of the polymeric conposition formed

by reaction oPIasicHEr @eiHianthsonpotens OBIhﬁ(BE‘P"fc,CBﬁ‘B‘EJ%‘FOc“r &y someembgdiments,

embodi nent's, Alled@ASdrtich el JlRMCISHr id ddSsslinked & doﬁ‘lp&ﬁé’nts@fﬂﬁ:ﬂ:lldd@k&)rﬂﬂotsrhon
conponent s of t he bi nder conposition. |In some enbodi nents, | east a

portion Of t hEhedrinder pemaasition gptignallysinclugies @ Cf%slebwgaﬁr@hwa%'ﬁta&ew&wﬂfwér

conposi tion. dhwddiGoRbitats oFﬂn@]BQﬁhrtdoﬂiBoﬂﬁBd DR} balwhdAGhingsiend o‘f?flﬁfbﬂdbﬂ ki ng
agent to facilitate crosslinking between conponents of the binder

conposi tion a?Rﬂ'?P@P"'B'éEWB‘F\PIE%‘ﬁﬁEfnegHtt%b]%‘f“”tsH@“'lﬂ 3jaus incluge RN FaRabE t he
pl asticizer. stedcBhg &ith m&séxvaakétm 3@ fdtefits oGt bidl@ercompesitiisadap ety e  of

reacting with thensel ves th nents of the binder conposition,
and/ or the l”é%'?iz&‘i‘?é‘?rmt’otgw‘ ﬁiﬁ“&s'g%?éﬁwﬂf nsi onal net wor k.

20 In some instances, at least a portion of the plasticizer vaporizes during 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 least 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
elerﬁent. 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
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20 I'n sone instances, at least a portion of the plasticizer vaporizes

during t.hermal transfer or during the subsequent binding of the = 6 FEB 2004
pl asticizer to the conponents of the bi nder conposition. Wether a portion
of the plasticizer vaporizes or not, “least 50 nol % and typically at

| east 65 nol %WeeL/7red renai ni ng pl ast | CI zer is bound to thedivydesies
conposition after co-reaction. Preferably, at |least 75 nol % or 90 m)l % of
the remaining plasticizer is 25 bound to the binder conposition after

co-reaction. Donor Sub?trate and Optional Prinmer Layer The donor substrate
provi des a sUppisplar payelangth, psyedias sefficiepfanecheniqrhanditheamalfstabilitefoptfent . The

donor substr qiaﬂlcflﬁf appii€atioh) Qfafmé udefl 2Rd @Jnm%uﬁm%m Ca?ﬁaé? g%tf?e EQLXJEF s i M COne

30 suitable type of polyne mlsaE yester
pol yet hyl ene SPé‘Pébe"ﬁ‘&lCSi‘té‘BéFa"ﬁ’GlfVéteHy anéonraphstiate inaleo fypicaty. se}doméver

ot her filns Vidmimatefiils ﬁiaﬁ@haiﬁﬁiabﬁ%'esﬂ% QABRIE b Xc]fs 14 {hP meﬂj[uaﬁ tlliﬁs%ir for

heati ng gndtransfer) i ncludi ng high transms

- 6FEB200 eipment/ea adight-oderyconeneendhTHCY qu Mw@bbnl}}tknessafsr theldbncms
suf ficient mﬁtbb@;ﬂte(‘r@ﬂge@ﬁéh,_rfhﬁéxqﬁblesé 8 dolot1% nﬁx{?rpréft}ﬁbly P%’é tu% 6488

application, can be used he donor substrate,’’in east 'SONME instances,
is flat so taﬁﬁ‘i“‘gﬂﬁh'?]?ffﬂ‘i'é’@a%ﬁdﬁ&ySﬁ%ﬁﬁa%émbbfrmdd The donor substrate is i

al'so typical | y serrg S FRREBLEL Sk Pon AT AL AR Sl HRIAT, oot 110

of any layers in t ermal transfer g
conver si on ( [FRRREST %FQT'})‘Y“?\P%F‘{'HBI éhetl-ﬁiflckhwﬁfﬂfseiﬁcttm@ iprege adtesibs t rate

ranges ioom bbveethd MIL® andth® d6ndr Sutdird Mpﬂnﬁ&?hﬁbéulgyé% Qfa)etl.&ecp ol MM

al though thicker or .thinner donor substrates ma yptcally, the
material s usé'H""taée‘f FREHEUrige Hisicodtingof subseaquai deyersandalbrincrese thrginterlayeansf er

el enent | ayebsndifpdstdeh@hl bétivkdh thd &ﬁeﬂ-l;-ﬂég df%ﬁerﬁﬁﬁraﬁm&?& thm?(;n%}{ e

adhesion 10 hetweepn the | ?rs and the donor substrate. n opt 1 onal
primng | ayef¢5pcpB"USETPES Pﬁ'ﬁ%!ﬁé@b%ﬁeﬂﬂﬂ‘ﬂwf yeriisryatabie koaebig of
subsequent | Aye(FoduetNalHREN0000ARS Sagalle | Nnterl ayer bondi ng strength
bet weensthe other layers of the thermal transfer el enment and the donor
substra} One exanple of a suitable substrate with prinmer |ayer is
avai l abl e frnmh'f-m-ﬂemcﬁvdmc(anMtLaW HPE100, GOsaka, Japan). 15
radi ation-i nduced t her nal

ranster a1 ghit T SRR EBHPE B b P g orst panverspay LAY v s

i ncor por at edtypicaly incérpérated e/ithinlthd thexaif RinsRl cleMmb: «d Quple R Redgh 81 REIRT 9y Of

i ght radiated from 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 transfer 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

9



radiated froma light-emtting source into the thermal transfer el e_ngaﬁg 2004
Figure 2.illustrates 20 one enbodi ment of a thermal transfer el enent II)

i ncl udi ng a donor substrate 112, a |ight-to-heat conversion |ayer 114, and
a transfer unit 116. Cther thermal transfer element structures contai ni ng
an LTHC | ayer w@aoiPesf ormed. The LTHC | ayer typically incl ugesussodiass ati on
absorber that absorbs incident radiation (e.g., laser light) and converts
at least a portion of the incident radiation into heat 25 to enable
transfer of the transfer unit fromthe thermal transfer elenent to the
recept or. | n mdiggoregbsorliénand the trangfenuaitiisstransfemeduzingtachesting@ldmeptthatapntacts
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| ayer (or ot hediatieryedarizingsiyet)origmenysa metalsymetakcomppyngs cmctalyfilmp, aned othemd/ or
ul travi ojget rﬁlﬂhﬂ@%sngblrIgIIﬁat@lIa?sCtﬁ Qf‘@ftshﬁaﬁeox%&éﬁdﬁﬂbs&ﬁ@s Sin :I%Iﬁcf'étch:%n

absorber is typica absor gdlve of the selected i maging radiation,

provi di ng an Bk Gla‘IaIlMPé,l mgtal sidasg Pat exagple offe switable LHEIT gernadidgs fon i n
the range of Q,2ent!@ctdas cﬁﬂﬂn IBIa@II,%ﬁ@DI)MdJrréﬁEﬂ & a oIrQan% (poI?‘rI'IeIr aﬂ&hcrr@ﬁIIaﬁIe' on

absorbing materi al s can | ncl ude, exa ., Visib é/es

ul travi ol et dxygéc layes ipglpdag n@fgﬁégr mﬁp%&;t%l%%tfowégs aﬁ\mﬁlm for example blac

radi ati on- pol Aihialmdi.&yLsaktiallplogidred @ummhaIasmg%taaIc vis @RS Roe). Bellicl | | M8,
and other 10 suitable absorbing nmaterials. npl es of suitable radiation

absor ber® cartidmetal gemponngd Ghms @3p be I@“"‘ﬁ%I’hI“IB‘}H“dé suchasforgamplesiputteriigs. One

exanpl e of a aﬁxuIevﬁJaIﬁvLIéﬁGs.hamrarﬁdaﬁte%eﬁngacarnsagﬂm,usﬁgsIama& #akmon bl ack,
and a bi nder, lél#‘i as an organl ¢ polynmer. Another suita LTHC | ayer

i ncl udes met aoitale dRvos MeheRa I‘B‘G‘ZII“H%““I‘ ormed as a thin film for exanple,
black al um num (lDﬁs suifdblR Foriusélhd rydlamndbmrﬁhummmmaya\éhrn& gredehgk vi sual

BEear Ce) . S A RO B S PR LIRS B
Parti culamt e C:ﬁitbmzﬂl.gWlﬁaﬂlsb&sefd@&ﬂi‘.‘ﬁiaﬁd!i‘amloﬁ aliborbdararduted, aiyparticle size can be,
at least in some instances, about 10 pm or less, and may be about 1 pm or less. 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,
452-454 (1993). IR absorbers marketed by Glendale Protective Technologies, Inc.,
30 Lakeland, Fla., under the designation CY ASORB 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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“suitable dry or wet coating techniques. Dyes suitable for use as radi-a§ FERQL
absorbers in a LTHC | ayer can be present in particulate form dissolved in
a binder material, or at least partially dispersed in a binder 20

mat eri al . When di spersed particul ate radi ati on absorbers are used, the
particle size wenibeys at | east in sone instances, about |O peruselisass, and
may be about 1 mor less. Suitable dyes include those dyes that absorb in
the IR region of the spectrum Exanples of such dyes are found in

Mat suoka, M, "Infrared Absorbing Materials", Plenum Press, New York,

1990; Mats uokaomll‘@ltlb"'ﬁﬂ)‘é’é'f' respesificdpeder prgd/gsfcoping solvent, apiwsli es thaserdengtunshi n 25
Publ i shi ng Cb gmpégpo U S. Patent Nos. 4,722,583; 4,833, 124,

4,912, 083; 52 141; 4,948, 776; 4,948,778; 4,950, 639; 4,940, 640;

4,952, 552; 5, 023 2Elsme$arumt@9t§ can SISQ%JS%BN'\QSUE@@ lagerses r8liRivn ayebers.

5, 351, 617; 5, 1,923 and

255 999 ang gﬁ&rﬁ&“%ﬁfh@m%%&#?&uﬁﬂ&@&%ﬂ%ﬁ& bRt éﬂfhne well %2 1593,

452- 454 (51993Phth#1913¥at919€ﬂ; bickel dﬁhpkmseﬁldb%e@lemdw éesmhydetcmsaéatmehnol ogi es,
Inc., 30 Lake's%@'ozﬂ:{el 5354 %@?M&J}&orgﬁ? 'b&'&@faioogg R Jn'%og%r of & Jz%ﬁma”d
IR—165 may al so be used. A specific dye may be chosen bas factors

such as, sol ub¢mplexesiof foramnm@ nm@emmlov@/ giyidingad, sdnicksi@ey Ml@we:an i

conpat i bi I tht\.Nh§ehxl fhof ignrenalcgmﬁgo miép ncﬁﬁﬁ#aﬂgeﬁmp\’eemldes%dv‘e” as

the wavel ength gg sor t|on gnent ar terial's can also be used i
in the LTHC |&y€¢es n\eatﬁsa%wﬁ uFHRY, tPéﬁ“S‘th- tiE B jncptitagigpy gisp@iug), gnent s

i ncl ude gar bonmgiba&lﬁnamga&e%uahemd% m%ké] ,ﬁﬁanﬁmm]ﬂmmce@&rnﬁﬁe g&&kel

di t hi ol enes ot her prgmeénts describ u. 024 and

5,351, 617. Ad&FenBHRiPE, e 4%r@ﬂelhlzla"pW%mr@eb&sfé@%ﬁltfwﬁﬁéwowﬂc@m oni um

conpl exes of, bifoaie-ﬁmmd%meyraa@&h@mw&urbmﬂa@da@mbmnﬁkefa&.ﬁgi(eQnﬂ'dabﬁke'
azo yellom/can be useful. Inorganic pignents can al so be used, I ncludi ng,

for exanple, GaOdedsH sulfides of netals such as al uni num bi smuth, tin,
indium zinc, ti tamumadﬁmfmmwmrs&&mkemetamummé ﬁdﬂﬂsf@&;clﬁoﬂéﬂe&mbhdl di um

ke B ol 55} 5 NEORBEL b i Bl G Ty O ! €20

bronze-struct slzealsw Saiesle mdsls Diude Fordxidiplk, Wnahihym, bnditie dintiadibie br onze
famly (e.qg., 4?) can al so. be used. Metal radiation absorbers can be
used, either f ?WE“WB?Wiof particles, as described 15 for instance in

U.S. Pat. Na 4, 252a6ifdicated, agarticulkigfadia®n dbsseOcamtbe idBpddedin Fihder NDhe
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
1o 50 wt.% polymer and typically includes 10 to 45 wt.%, polymer (excluding the solvent
when calculating wt.%s).
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5,256,506. Suitable netals include, for exanple, alumnum bisnuth, tiHfER 200
indium , telluriumand zinc. As indicated, a particulate radiation absorber
can be disposed in a binder. The weight percent of the radiation absorber
in the coating, excluding the solvent in the 20 cal cul ati on of wei ght
percent, is gewmgetalrtsg froml w.%to 30 wt.% typically fropasBuswhofdas to 20
wt.% and often from5 w.%to 15 w.% depending on the particular
radi ati on absorber(s) and binder(s) used in the LTHC. Suitable binders for
use in the LTHC | ayer include filmformng polymers, such as, for exanple,
phenol i ¢ resins (&pgncoatiagyon Hie darrd substrask.ahe metomeys, Obgﬂﬂws n:}dp@mgm may
resins, 25 Plxidsitke PRI G2 LTRR! M bt m&%ﬁ:&atf%rosﬁmqﬁ'o?}’l‘leLW!a?Q" i1 des,
pol yacryl ates, Fosi ¢ ers an sters, 'nitrocel Py oses,
(met h) acryl atteo HQM M’Iﬁ%hrﬂbr@@pcbb ylamased b thg hegy ohd/ceneddtrinthesranger afabl e
bi nders can Aefre ' . mers that have been or
can be pol yrré;&ls:tlzo(l‘a{ ?tmcrosfsa bl hgg&lgﬁ&:%ﬂ?ﬂgé ?%ﬁts the binder is
primarily formed 0b¢ wgiualocgéa thnlgw@fastéqres's(ei kebimernaomprovesnat lsest ol | goners
with 30 opti Y, i nder
gener ally i ncc:’s:a% %Xg’?‘c}e E%R%a'&?gg# %Efegn H’i?‘?eguaé‘g {é&%}aﬁiil:lpnghhe}gﬁ(’g 45

. % pol ynerlayeexinland embodiment sthé biedar mONdesﬂi:taIS@um&& (emgjudibg e solvdnt whEEB2004 i,

o o1 7 O e s e Bl S Bt SR e i 1
sone i nst ancelermpplasticagesii, Bhlmuaglomer am@mmﬂﬂ@eh'agmstw gesintnoay beasgd (elge 1tdHC ;
| ayer gy be gavﬂﬁ,]}ae%hmhem@plﬂﬁﬁksﬁﬂg{ gcal{ ec?xb‘ie td %e‘;‘{“ﬁ’a&';l?g%f O:I r@ The

portion of th | ayer e rece ans
i ncl usi on of r&aqewemhmpqmwté tlmlm materigls of f;bgbyd@r)*\wmblhtmm@er danbat | east

sonme instanc ; gf t
coatability) q%?d l%hgh{&flngJCOQ{p ayer. %d@n@ﬁaﬂpg{i I"gmgﬂ |9§ncl udes 25

to 50 wt.% (ék?ﬂ%dlnr@@leeﬁéorgwmmmmﬁthee%ﬂp&a1=raqemn¢fmméasgrwlub@ncent)

ther nopl asti Gafa&RieR in O FingP66S 8N130aVemGC, hrafefrBiy/\b, 50{6 ib&;ﬁﬁ@&?b'esw c.q:lo{eﬁs' n,
al t hough [ ower anpunts_of "thernoplastic resin rmay be used (e.g. 10

15 Wt oS Theor thebingss! Egmde&fégmbleéhwmlwprquémybén (m@th}g@v@mmmqﬁ e
(i.e., form qn@espou,mméet a@erpﬁéw,gaerym dsmep&wy%n aémgsmlm% apd the

bi nder. A solubility pararreter can used to indicate cConpatibility,
Pol yner Handis8eXymers, apd galyyigp bubel, pp. VI| 519-557 (1989). In at |east

sone enbodi ment s, c@ndABbMAPRafRS 4ifs, bR IaDsirBRbnd a8 BspRingighdid ¥an be added

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
transfér element includes a polymeric or organic LTHC layer that is coated to a thickness
of 0.05 um to 20 um, typically, 0.5 um to 10 um, and, often 1 pm to 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 um, and typically in the range of 0.002 to

25 I 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 interlayer 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
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paranmeter in the range of 9 to 13 (cal/cnBf2, preferably, 9.5 to

(cal/cm , is chosen 15 for the binder. Exanples of suitable therrmplsa%lﬁlzﬁﬂﬂ
resins include (nmeth)acrylate polynmers and copolyners, styrene-acrylic

pol ymers and resins, polyvinyl acetal polynmers and copolyners, and

pol yvi nyl but yw@bi7anventional coating aids, such as surf agtanbseRnd
di spersing agents, can be added to faci Iltate the coating process. The

LTHC | ayer can be coated onto the donor substrate 20 using a variety of
coating nethods known in the art. One exanple of a suitable thermnal
transfer el enHi# aliglgitordient convprsioy fayei L24oan igtegayer £26, idQ@ tramyfer utihE2B. Qshecoat ed

Lo a thi CKNeSerrl 01D ofbhkls Aulfg b Wit dokun Be BrRee™ro@ kPl RGO ten 1

p.mto 7 m Anot exanp Fanst
i ncl udes an i twosgEsive, rtﬂ'demlg anydéor abdvalbing st theiomgieg wavelangthhiTykicalhys then t he

range, of OO0l oy ] M08 5o AOABRE S0P, 25, P

I nterlayer ayer can nsfer
el ement t5o mi chemically denompescander teritmaging adriddions partingarty tas kxtentelht podérs on  of

the transter WolbaAl Qb SUNREL BRI LR RELRAROM. THElCANTLEAER] ARELT on Of

the transfer uni t he
transfer | ayem cbuta¢tlvethrtbesi THHE IalytrelmhgtMtanﬁtrmmgmélsmMMstarﬁlagwe 3 i

illustrates hermal transfer element 120 including a
donor - subetr v B8 MR ERdebn ) Tros bt USOO) 01640 122, &

| i ght -t o- heat con\Eemtsbl@mtdrlaymmmdq foamrexamgle rpobyyrer filiBometahldyeas (ergarvspar uni t
128. O hgr t - an be

f or med. Ih’?he i%@égﬁgﬁﬁ&g& mglgtgran ségng%a %ﬁﬁ%ﬂ ?} pdf absor bi ng
at the i magi n@epmwéllaefmgtoﬁmoraypp oxiti¢se.gt, bilica, titanigr dnd pther ingta! ml@h))mmér mal

resi stance. g&ﬁ:ﬁﬁg}g\imcwﬁpdsﬁé féré‘yénggaﬁh?ﬁéteﬂ% &i!aﬁl%% Intfaye? nfldifisc! |y

deconpose unde I'magi ng condition part |cu {0 an extent that
renders the inglugrsliash therngsesrand tbnrmﬁplqswem@tﬁaﬂsf%mtaUmtwerLmnﬁIﬁs inelude. The

interlayer tyRigahhtmdyRtdSinkbdbyCital dfdiatith, (o cletfeat tilimb R Yfludthy bidGot he

transfer process and i's not substantially ‘transferred with the transfer
uni t. Suidt abl lemitediterdresylinked prrrosginkable gplyascdaiss. eolypethyaneptes, ipplyssterpet al

layers (e.g. ' gp \65’2‘:99%nd B@yﬂ&ﬂ&%k UL A& et hﬁhéﬁﬁ&)my bé‘&{a&ﬂ%hfo theY B8 1dyer 9-
sol - gel dep03|te | ayers and vapor deposited ers of inorganic oxides

(e.g., silicas Eor?@mpép “&ﬁﬁpkhs?ﬁ‘é?fe%%%?randﬂ"ﬁefﬂﬂtY‘H?Rﬂ“"'@ﬁ(éjhf?l"ﬁﬁl nor gani c
conposi te | ayghatinkd GfBiayemat erials suitable as interlayer materials

Suitable thermoplastic 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 (T,) of thermoplastic materials suitable for use in the interiayer 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 wavelength. .
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).
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i nclude both thernoset and thernoplastic-materials. Suitable thernnselggfgzwg
materials include resins that may be crosslinked by heat, radiation,

chemi cal treatnent including, but not 15 limted to, crosslinked or
crosslinkabl e pol yacryl ates, pol ynethacryl ates, polyesters, epoxies, and

pol yur et hanes WOHd7¥9her noset materials may be coated ont o tRE/USHHG6i6aYer

as, for exanple, thernoplastic precursors and subsequently crosslinked to
forma crosslinked interlayer Sui t abl e thernDpIastic naterials i ncl ude,

for exanple, poly renes, .
bol yur et panes’ o & iesig et fPisd Fpe? SRS TodifialErel ien e barier
t her nopl ast i cagmngalm teanbili effmadrial frow thedighpptHetrtoniensiamlayen lingiyalsocoat i ng

hni I
o 5. L BB LY SRS e P B g

t her nopl ast i Ganbé ﬁids&h&d SThe bdecelofln lafetlayed nial @lsb FdsEk inﬁﬁ%l‘ovbdi plagie C or
greater, 0C or greater, and,

preferabl}/ E %F reatelr nore preferably 10

most 25 Pref PSRN N thefgas egf“é%ﬂ"% The interlayer can be transmi ssive,
absorbing, refl eCtI'hNh;erﬁj?er csméﬂiatamo:[ﬁdlti’vai, imding efoe efampiy pﬁd?@niiiﬂf%&i ng

radi ati on wavel_en rratelaISS|tabIe as interl a materi al s
o e oo RS bia(rittn RStz kidiagin phsorbetsond cod el yc e THREPP LR, yoa ¢ '
carbon coat i nigsintetlayer defiends dnfacers siEchas,ifod exaimplathe atridlioffHe)inttrlayes Wessi ve or
reflective at the ' l.i ght, wavel h. The teri Isc 30 be "
applied to tH‘éat?rlabﬁé{-ﬁ?%?ﬂgawgftémal’t?}g gf’%\&/wgf/ﬁ%e n&'ﬁ\‘?’éﬁ P e chni ques
(e.g., vacuu mnagpgjtaﬂiatibm @nd tha dunatioreafepprsareiobthe thl:rqultaﬁsfﬁ' dletenc@yimagihg on) .

13 - 6 FEB 2 1779 00/ 01646, The. inter| ovi de a
nunber of ber® igfo" ‘ﬁ1pe° AT &Y gy‘/%? l{%‘% cgnes‘véofotg? Irméllglyeréfq‘ g‘%ﬁé;‘lm‘f ﬁé'[i){h?ansfer

of material frargmof @S l.tmghtlgum; bﬁﬁtallg,cﬂ'nneibmumn Layted um, typhﬁyy,allﬁa 3 umdul at e

t he terrperaturéa gttt%'sﬂ g hhe transferI umés so t hat thgr mal | unst abl e
materials  cAICBE O ERHT fo Ry WEURES: (56 IR AL BFPLREPONE, al so

result in i mtetfersp iRshickneds sreRdiRtclhyer Ish@r Examipief artﬁeﬂng@&f@rooalum L)
interlayer can contain additives, incl udi ng, for exanple, photoinitiators,

surf act ant s, M drpisaily from shout ‘?:p]zié‘ﬂé”#a’d?‘ﬁt plym, tiey8 8 P92 i@hemeoat i ng ai ds.
The thickness of the interl ayer depends on factors such as, for exanple,
the material of the interlayer, the material of the LTHC Iayer, t he
material of tHeeasel®¢rer | ayer, the wavel ength of the 10 imagi ng radiation,

and the duration ?fle @ﬁi@ﬁﬁ@él@as@fayérh?pléﬂ?rfiEﬂitat’éJ r@l’%z?sfe%htﬁ'tr%ﬂﬁ&tunit% gnml ng
radiation. Foy tp er-rTe rtallnlrl]lt Ef‘ar lera%/i'e Llsthe rest fthelttcl:eiﬁr?‘listl§ no r tI SMPISIN gon T
exanpl e, in tPHsticizer-con g layer) fro o ansfer element (e.g., the dono
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 layers may also be used.
Suitable release layers include, for example, thermoplastic and thermoset
polymers. Examples of suitable polymers include acrylic polymers, polyanilines,
polythiophenes, poly(phenyleneviny!enes),' 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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range of 0.05 pmto 10 gm generally, fromabout 0.1 pmto 4 gm typi_cgatémw
0.5to 3 gm and, often, 0.8 to 2 Ilim. For inorganic interlayers (e.q.,
nmetal or netal conmpound interlayers), the thickness of the interlayer is,

for exanple, in the range of 0.005 p.mto 10 15 m typically, from about
0.01 mto 3 mwoiyreeften, fromabout 0.02 to | gm Rel easeceAdfdiolddie
optional release |layer typically facilitates release of the transfer unit
(e.g., the plasticizer-containing layer) fromthe rest of the thernmal
transfer elenment (e.g., the donor 20 substrate, the interlayer and/or the
LTHC | ayer) updimadbéamitatalplsuchiee phthalpeyahines).ancliiding, remampls, theomatesadapl e, by a
light-emtti rbgsc%g(ngqjgrpa@mpﬁ t{ g ghenent. In at least sone cases, the

rel ease | ayer provides sone adhésidn of the transfer layer to the rest of
the thermal tran3herelebelapntcarprepart of the eapsbemni ot osdperate.layer thatrdvesinot

il lustrates r fer. 140,.i ncl pdi ng. a.donor. substrate

142, a light ftfaégﬁ{‘aar@ i %%arﬁgtfog i°£h“eﬁ‘l§§ag$ ﬁ%%éf,a 'Qge ggsregfgg’ggt“eg?gsr&rl" ;o and a

t ransf er Suni tAlted@tively,lmaost ooawbstandinliyoallofdlie relryselayermnamb sghbe dosed.  Sui t abl e
rel ease | ayer g b s v s EXATR] Sanste S TRRLAS lkGndl fof AEL RS , PO YT S.
Exanpl es of suitable polyners i1nc uaéle acrylic pof‘yrrers, pnglanl I hes,

pol yt hi ophenesleaspdiyyr iptiedipg sibémably mateas!) 2 prtbry ofisbe releasedsyer pagbol i ¢ resins 4,
(e.g., novol I ' ' J | resin |.yvi nyl
cetat co,  poluon ERR e LRRbERbecct kbl Lhocihdf s oS4 BEe BRAISLIN.
cel | ul osi ¢ etdoeytsanafistiwith thetransferiunit endthe reiqase lopar 35 foapabof 2 massiahtbat cambe

pol ycar Rgnat r | I r : | ude 14
P oFEpz009 worOT T 1o bR Bl SR Bl Napsiaf ok PR e Risch Bt

pht hal ocyani e releasg laydi. ng, for exanple, the materials described in U S
Patent No. 5,747,217. The rel ease |layer can be part of the transfer unit or

a separate | ayer that does not transfer- Al or a portion of the rel ease
| ayer can be khepmakBrapgfgrwith the transfer unit. 5 Alternatively, nost or

substant i al |y al | TRE ukifal iElsRR SRmAXEE b RARKB aiiichiohld? aH@RRIeRURS r at e

when the transfer unit is transferred. In sone instances, for exanple, with
a rel edde | a5ested pretierefiibe emmial raepleeelerpent Hagt cansbesisperptedusins 2 keating | ease

layer may be eflnfai @l 8Fesitivt NGk QerhE @) SSREMIRE PABESH (el aHRIR oBifIRfbENt S, a
portion of the release |ayer doges transfer wth the transfer unit and the
rel ease | ayemeftsandior applyiag anelprifical qugienttp adaysaef thethersg! transsy elemes to f or

exanpl e, heatgefGatt Reat.UR hifBlitan¥RPREdaCirarRfer Lidigp el rbReol Hanrpleet lagfh qortion

laser, is advantageous 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 therﬁal transfer using radiation (e.g., light), a variety of radiation-eﬁ*nitting

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 Jem®,
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of the release layer. Thermal Transfer The thermal transfer el enent gﬁg:lilﬁell]l]k
heated hy application of directed heat on a i5 selected portion of t
thermal transfer elenent. Heat can be generated using a heating elenent
(e.g., aresistive heating elenent), converting radiation (e.g., a beam of
light) to hea®OO0HHA@Bor applying an electrical current to aPCaysmwoudet he
thermal transfer elenent to generate heat. In nmany instances, thernal
transfer using light from for exanple, a lanp or |aser, is advantageous
because of the ac acy. and precision that can often pe achi eved, 20 The

si ze and shape of C@h@ %ggﬁ’é’f Elﬁ?eglfnb"ézf‘t"é‘iyrfs reguiged (e.g. for R‘éh idermatien fullgalef o or
ot her shape) digglay &pplicationhs) Ohirdetzbyubsttaré areaspamaber is RatcaRtly REefiIRe i ze of the
i ght beam tha?' exposure ‘ﬁgattern of the Iig‘gi’ t?ﬁ\am .the duration of

di rected beanfACBHPAIMSR hATeTRECPLASE FITP2LIPIE Hath &pth lee Al subsHAS 5B anhier i al s
of the thermak 1tni 203 fo@h ghks BRNGontimBis bivhedi@d filtn sabifatds, susH 44010036 at i on

(e.qg., light), a variety of radiation-emtting 25 sources can be used in

t he preseht iﬂ?}é’m's t¥or anal og techni ques (e.g., exposure through a

nas][<)i hi:gh-gpw_er emlasistigmermugsmﬁaga(deogarrqyxfednma ugédaﬁh ekaaﬁm&bl ,uﬁmgidqlﬂﬁ"i@ﬂ s) ?re
useful . For digit i magi ng techni infrared,. visible, _and ultraviol et

| asers are pﬂ‘?rt"f'g{?fﬁc?ﬁs%“‘iﬁ‘g'ésflﬁ‘fqﬁ'“gﬁ(}}uﬁg%ﬂaée"la&@é@é‘“f’ﬂ&?ﬁ?ﬂ’é{- (B "¥¥ &fpl e, high',
power (>_ 100psAljuliyngeral witioshealleAsubstratd 948 G g fleReianGppkiafitdiaSeem i Mgdes, -'
and di ode- punped sol.id s&ate | asers ge@. 30.I\$i' YQIG and Nd: YLF). Laser K
exposure dwel FTSTHYY Of 598 1458er ipAtterie Sueh apose raqpived iy alphanumen seegisatsd 0.1 to 5 .
m cr osechinds disglaysaser fl uences can be in the range from for exanple, ‘
about 0.01 to abo% 1 3/cnP. t15t - 6“F EfBIZOO4.V\O.O1.é,g§)779F‘ PC./ USQ00/ 01646
Wien hi gh spot pl acligAPasiag. fhethermalirangier figmaet jsdynically rought ipojioymate o i on

full color despdcayitappcemat ihoaddasosoate ihsgangs, Hred3siclod vacuamenssed & hoddhe | S

DR o a0ty B e R bl B8 e By A UGB RS BT P
cont i nuous orust eeheatthé LTHCdapes (andfbestherdayetfs)asntdidbigtradiiiopabsartrirde as heet s.

cimpt i 1150 oo B plio B it FoE el Hepdfort Bipueaims BRI at i on
absor ber. Thi snageyisbwansfeapf the tramsfer Jayersfednuthe therthal srradferealensmbwttheteeepsirz e s
(e.g., less tj;@grdm% %h{m{el y 30 cmin any
Alternatively, a heating element, such as a resistive heating element, can be used to
transfer 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 Jayer. 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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di rension) or for larger patterns, such as those required for al phang;EBFrEiB%m
segnented 10 displays. During inmaging, the thermal transfer elenent i
typically brought into intimate contact with a receptor. In at |east sone
i nstances, pressure or vacuumis used to hold the thermal transfer el enent
inintimte coMPaEt’Ai th the receptor. A radiation source iTUsentisdssed to
heat the LTHC | ayer (and/or other |ayer(s) containing radiation absorber)
in an 15 i magewi se fashion (e.g., digitally or by anal og exposure through a
mask) to perform i ewi se trapnsfer. of the transter |ayer fromthe thermal
ranster bl gy TEAS Radtbulsig eneltiadh s (oM st AP PR vely. o
heati ng el enmewiien thetebepts ishiglls atsbipies dfthd imaging kaltatioh., can be used to
transfer the transfer unit. The Ihergal trb‘insfer. eI%réEnt. is .sle%elpecti vely
contacted with t hd SR ASERSFRYUIE: & MeKPe desirable Odnipinizefgrmation sEintsrierspce,
p?ﬂrj t ij‘on of thﬁubﬁ]ﬁa@e‘tﬁrmdltmrefe?a@ia@slr@Brﬁmen@a@;ﬂ nrwetrd iralerrlhis dafl babplished
enbodi nent, the therma| frapsfer el enment includgs .a.layer that can _ convert
o ol cot ti cal DYOGHPE oot ABGmo oGO Rypd it 6T sin Shghinath st
transfer uni tihé thefha BehsBdr eRehehQon theschie GEME ficideht ridiationtak asssditeidnia UGS, phiher
| ayers of the thermal transfe e t, such as the optiopal .interlayer or
haCLTHC | oy o3 088 3T Basdhe ot dntuebih i Ao CabERIcR Eibe el 1 ot & .
or reduce theralliaeidit thas mifimidig seifliftefastee. Afaltdimate fared ko aléwoin r educe :
distortion in the transferred.portion of the transfer |ayer. Preferably, K
inder | g ngHRFATT AL Re PR R e CEte Flemely ShF dipsl MG BOPTHC | ayer |
IS greaer tdatindsheknpodhemdesn adnsikti quditesmadd/bickiiedses bea édaansdueli ad ayer. In
sonme instances, a. reflective interl i o0 attenuate the | evel of
i magi ng radi a‘f‘f’%‘ﬁs'wzlﬂ'fg'f‘r‘fet Pe%?ﬁ?%ﬁg‘%%thﬁeﬂfﬁ%gh ayer and reduce any
damage to the tranafgenhedalptnifeosientdntstdaebé usad Shabudidgatfiermal thatfer eteyemesul t
frominteraction of t t .tted radiation with the transfer | ayer
andror 't he 8 haetelf s G5 Pah S Rt Bt ot Br el o
parti cul arly rgered bcathdrwisa moeetlacrasg) the feegenthérmd binsgfer stematy, thealisepbeing  when
the receptor is highl orptive of .the.i ing.radiation. During |aser
exposur B 11 Tgise pbelRIR B Ao S PR ot A aertibh o
patterns due desiretatterpl dltembtivetyt the haserfranbe ftit@nanymge the theerrealitmhsfer ffamencan be
acconpl i shed mgv %e:\’e?{%;itﬁéjﬁ ret hods. The nobst common nethod is to

e e'StiTace of the thermal transfer el ement on the

effectively roug t . .
scal e of the inci desdme iastames, srmaydedesssainh desirabie, Indor qRavenient to sequentially

utilize two or more different thermal transfer elements to form a device, article, 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 a Thermal Transfer Element
A Tight-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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No. 5,089,372. This has the effect of disrupting the spati al coheren_c§ gé 2004
the inci'dent radiation, thus mnimzing self-interference. An al ternalF
nmethod is to enploy an antireflection coating within the thermal transfer

el enent. The use of anti-reflection 10 coatings is known, and can consi st

of quarter-waweerdknesses of a coating such as. magnesi urediiusioides, as
described in U S. Pat No. 5,171,650. Large thermal transfer el enents can be
used, including thernmal transfer elenents that have length and wi dth

di rensions of a nmeter or nore. In operation, a |aser can be rastered or

ot herwi se noved across the | arge thernéT“b!‘_’rlanster el enment, the |aser being
15 sel ectively operated to illuni nelHCHtatingelidss t he thermal transfer

el enent according toa desired pattern Alternatively the |laser can be
stationary and the fthermal transf@mroneitent noved benhedlafsblie | aser. In
sone instances, it |may be necessary desirable and/ of cW$@ghhient to
sequentially utili[Ravenit 76% Uhmarcerbdin blaek pigmertt poritable t fard9Per eljenents to
forma device, artifrbm Coymiggn GhemieplsuAdant&4nY) of theseé thermal ftransfer

el ements includes aBhwam™sBegs (polirinflbutidabridsih BFaiRBR fropd | monesl ayers to the
receptor. The two oMof®ynfy, BhE6EIMOY ansfer units are then sequentially

used to deposit one T IS0 ok 'C@, arcticl Oor St ructure. i
EXAMPLES 25 Exanpl ;ﬁﬁgg‘%ﬁﬁﬁ%’%‘g R S ansfer “Erement A |
| i ght-to-heat conv gr WS, o jie =FHE

Leparl. bhy— { & HE—Caat i ng
Solution with the sl | r m?&%ﬁgg‘eff‘vﬂ@ 4 2056 somt i on of ,
propyl ene gl ycol BERUES: Sy StAt-el et ot hyl ketone with 30% sol i ds.
The LTHC Coating SoPipfBrc™ 161 (disgersina pidgadilttle GomBrk min PEF9subsltrate. 17
6FEB2004 WD 01/ 17798hesets Wahrsfordeé®) Table 1 | THC Coating Solids 5
Conponent Parts by HEWENdPt629 (epoxy novolac acrylate, available from B34 :
'UCB Radcure, N. Augusta, SC)

Irgacure™ 369 (photocuring agent, available from 452
Ciba Specialty Chemicals, Tarrytown, NY)
gacure™ 184 (photocuring agent, available from 6.7
iba Specialty Chemicals, Tarrytown, NY)

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 I;!.YCT was coated an Interlayer Coating Solution,
according to Table 2 {in a 90 wt.%/10 wt.% solution of isopropyl alcohol/methyl ethyl
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
i5
Component Parts by
Weight

Butvar™ B-98 476
Joncryl™ 67 14.29
Sartomer™ SR351™ (trimethylolpropane 79.45
triacrylate, available from Sartomer, Exton, PA})
irgacure™ 369 4.5
Fluorescent Dye 1.12
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RavenTM 760 U tra carbon bl ack pignent (avail abl e100 from Col unbi an -

Chem cal,s, Atlanta, GA) utvarTM B-98 (pol yvi nyl butyral resin, avail albl B 2004
froml7.9 Monsanto, St. Louis, M) oncrylT" 67 (acrylic resin, avail able
fromS. C.53.5 Johnson & Son, Racine, W) |vaciteTM 2669 (acrylic resin,

avai l abl e fromddA®e® Acrylics, WIlmngton, DE) i sperbykTMPg:tg/% &)((“LI 4gersi ng
aid, available fromByk8.9 heme, Wallingford, CT) becrylTm 8 é% Xy

novol ac acryl ate, avail able fronB34 CB Radcure, N. Augusta, SC) rgacurem
369 (photocuring agent, available fromi5.2 iba Specialty Chem cal s,
Tarrytown, NY) gacureTM 184 (photocuring agent, available fron6.7 iba

Speci al ty Cheni calOsto thamteylayanmwas ddd)ed Birars e Coming\Sakutidii, iaehr@ifgtoddbeur ed. The

dried coating. o RhC ss_of .approxi mat el to 6 mcroneters. Onto
the T gt~ t o ndaf BokR0SiDERR & o ARRICH siEbimdt e soe bl loboserons

Sol ution, acobridiwtgs sdiddaFhis caating waadr®d antl UNE.AdPed M Th¥ i ENnklsiof the @ésultmEPT 0Py |
al cohol / geth .10 ketone w 9.3 wmt.%solids). This coating was
dried antgjreUvéﬁl(;f“l}s(r-i‘r']éer VA P AP ’H’é’saéebgfmtzh%wm %’Eﬁ'ti ng interlayer coating was
approximately 1 to 1.5 microneters. Table 2 Interlayer Coating Solids 15
Conponent Parts by Wei ght Butvar TM B- 98 .Z6 oncryl TM 6714. 29 SartonerT™M
SR351 T"4 (trinmethyl ol propane 79.%5 r‘j g lftgtes?. ailable from Sartoner,
Exton, PA) rgacureTM 369 [4.5 ransier L-oating Solids

Component Parts by
Weight
Monastral * Green 6Y-CL Pigment (Zeneca, 70

Charlotte, NC)
E4GN Yellow Pigment (Bayer AG, Leverkusen 30
Germany) :
Disperbyk™ 161 (dispersing aid, available from 18
Byk Chemie, Wallingford, CT)
G-Cryl 6005 (resin, available from Henkel 102.5
Corp., Cincinnati, OH)
Epon SU-8 (crosslinker, available from Shell 11.4
Chemical Co., Houston, TX) _
5510 (methacryloyloxy ethyl phosphate 1.12
vailable from Daiichi Kougyou Seiyakyu,

Fapan)

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 plasticizer S510 was
replaced with G-Cryl 6005 and Epon SU-8 in the same relative proportions found in Table
3.

19



| uorescent Dyel. 12 18 - 6FEB2004 W01/ 17793 PCT/ USO0/ 01646 Onto the

I nterlayer was coated a Transfer Coating Solution, according to Tabl e lsFEB 2004
(in a 80 w.% 20 w.%solution of propyl ene glycol nethyl ether

acet at e/ cycl ohexanone wth 15 w. % solids). This coating was dried and

UV-cured. The ddiekngss of the resulting 5 transfer coatin %@'?s
approximately 1 to 2 microneters. Table 3 Transfer Coati ngP AL 54%

Conmponent Parts by Wi ght Mnastral Green 6Y-CL Pignent (Zeneca, 70 harlotte,
NC 4GN Yel | ow Pi gnment (Bayer AG Leverkusen30 erman isperbykTM 161

(di spersing aid, available fronml8 yk Cheme Wallingford, CT) -Cry] 6005
(resin, available from Henkel 102.5 o ., Cincinnati, O pon SU 8
(crosslinker, available from Shell 11. £smmied) co. . Houst on, TX) S510

(et hﬁcr yl oyl o;<y et hy: T}hhﬁﬁﬂh&ﬁﬁs‘[erﬁsiﬂ@#ﬂeﬂhkzﬁnilm’iﬁh%i ElSJPEntKO:JQYOU )
Sei yakyu, a an) Exanple 2, Preparatiaon o Thermal . Transfer El enment Anot her
thermal transfer el ement °(/£‘>‘“ﬁg?sr?eﬁ‘dt?s‘f"ﬁ’g&f fempartive Bsuprle,sng or ocedur es

as in Exanple 1, @@uclepithé thatmal fignsfer aleinets SEExailed 1 26 § BR1 thacombsativaxy
eCE)Pr)]glal)’ a[) Ih\? Zp%ﬁj;glleééerel\l }n’rl]a%gd L(%X%léﬂhs g:@?t%? . The Searli'llg E’gmlt&g{&)@,dsinogfle gg}eo'
Nd:Vao3 lasers, operating at a wavelength of 1053 nm were combined, and scanned using t
a linear galvonometer (Cambridge Instruments). The beams were focused onto the media
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/e? 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 mo_dulated 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 pm 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
{(um) (pm)
Example 1 80.7 0.568
anmple 2 71.6 0.544
Comparative Example 758 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

20



Preparation of a Conparative Thermal Transfer El enent A conparative Eggﬁﬁ?%L
transfer. el ement was forned using the sane |ayers and 20 procedures

Exanpl e | except that the anmpbunt (1.12 parts) of plasticizer S5 10 was
replaced with G Cryl 6005 and Epon SU-8 in the sane rel ative proportions
found in Tabl ewdg1dfley 6 FEB 2004 WO 01/17793 PCTI USUQ 0164%.. E%ﬁ%ﬂ&e 3
Thermal Transfer Using the Thermal Transfer Elenents of ExanﬁFes and 2
and the Conparative Exanple 5 Each of the thermal transfer el enments of
Exanples | and 2 and the Conparative Exanple were inmaged onto a gl ass
substrate. Thesheaaoud staotutasnd &hith i posant mvereion Nay Yeaepblicatdewi] beapaiilgt | Nng at

a wavel ength of 10 m wer e.conbi ned, . .and scanned using,. L i near .
Galvonomeer CeRTERERTeRRinER A wRkls BERE Rpion firela WRPGOTRE redi

t hrough an f - tdfietiedndtannspesifisitinm) to a | aser spot size at the image plane of
30 mx 420 pm 10 (neasured at the |I/e2 intensity points). The conbi ned
beans were scanned at a linear scan speed of 10.5 neters/second, in the
direction of the major axis of the focused | aser spot. At the same tine the
beam was scanned in the linear direction, the position of the beam

per pendi cular to the scan direction was nodul ated usi ng an acousto-optic
deflector. The anplitude of the nodul ati on was approximately 120 pm and i,
the frequency of the 15 nodul ation was 200 kHz. Linew dth of the :
transferred lines was neasured with results provided in Table 4. Edge g
roughness of the transferred |ines was conpared by determ ning the standard =
deviation of the line wdth using |inew dth neasurenents at 0.2 pm '
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 wdth and resulted in | ess edge roughness. Table 4
Line Wdth Edge Roughness mm xanpl e 180. 70. 568
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Exanpl e 277.60. 544 onparative Exanpl e75.80. 784 25 The present invention
shoul d not be considered [imted to the particul ar exanples descri bedb FEB 2004
above, but rather should be understood to cover all aspects of the
invention as fairly set out in the attached clains. Various nodifications,
equi val ent processes, as well Line Wdth and Edge Roughness i 20 - 6FEB2004
W01117793 PCTI USO0/ 01646 as nunerous structures to which the present
invention may be applicable will be fieadidy apparent to those of skill in
the art to which the present inventi directed upon review of the
instant specification. 21 CLAIMS 1. A nethod of making an article, the

met hod cqnpri sj eps of. coptacting a receptor with a thermnal

t r ansf erq'el en%n‘?%%ﬂ%ﬁ%@gangn{c%ar}?gf"é%hoeug?r?‘?nsf"ﬁz& s??ﬁé\tf er unit conprising
at | east one lentetinhavicagorawiti axtlemationplestlémenn cangdtisingpltasdferainzghe Wher ei n
the | ayer rising.the binder conmposition and th | astici.zer has.a gl ass
t ransi %/i gﬁg s?%ﬁ%”ér%%‘grr'séng aé?eaqhoélf lgyer Higving a bigderepmpo lﬁgrgan[ BspCZ T o

Wi t hout thedayer estprisingehe bihdee corapdsiyion ahihé plasticirgr ltns A@tdss Gansitibn tdnetarupnsf er
unit fromhe thermpl transfer element to. the receptor; and reactively
coupl i ng%&'@tlﬁ?tﬂﬁé{%cgkﬁ%@?’ﬁW%\‘H&”t“r‘i@“bﬁhﬁg i%er in the portion of the
transfer unit tHetasBfteankfetling @ gohin fof @RNtaasfer vhit ffonk bRItREMal AR €emelt erent
conpri si ng: substrate; and a transfer unit including at | east one | ayer
conpri si rﬁ]%rgcegﬁoﬁﬂg conposition and a plasticizer, wherein the thernal
transfer el ementtively cqupfing thieebinden dtomposti@eshdSde tohaticikdd€in Rthd @eion GFMMOSI ti on
and the Erl ast i cjttzer ar& cggabl e of co-reacting after transfer of a portion
of the t PARLYYPI rEnsferred i BETEWPINt or and wherein the |ayer conprising the

bi nder conposition and the plasticizer has a glass transition tenperature

of that 'gs at Itgast 40’ Iiess than. a same |ayer w thout the plasticizer. 3.
The met h6d of AP fFangfer ¢lement FIPRHSING: r ansfer el ement of claim 2, wherein
t he pl asti ci z@kubstrate; and

a transfer unit including at least one layer comprising a binder composition and a
plasticizer, wherein the thermal transfer element is configured and arranged so that the binder
composition and the plasticizer are capable of co-reacting after transfer of a portion of the transfer
unit to a receptor and 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.

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,
4. 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.

5. The method of claim 1, wherein the step of reactively coupling the binder composition

and the plasticizer comprises crosslinking the plasticizer and the binder composition.

6. The method of claim 5 or the thermal transfer element of claim 2, wherein the binder

composition comprises a crosslinking agent.
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has a glass transition tenperature of no nore than 25 C. 4. The net hod of
claim1, wherein the step of reactively coupling the binder conpositiohFEB 200
and the plasticizer conprises co-reacting the binder conposition and the
pl asticizer to forma polyneric conposition. 5. The nethod of claim1,
wherein the step of reactively coupling the binder conposition and the
pl asticizer conprises crosslinking the plasticizer and the binder

conposi t i-on. f claimb or the thermal. transfer el enent of
claim2, ‘wher gﬁhﬁx{%ﬁ’é’gﬁ*ﬁg% % ‘é’gerrrf)nérsﬁ? %' noirgacrrf)“r'eiq% E%UPL{“% [h(?sq’é’ﬂ%h%cinﬁ’é’s'é{&rént . 22
7. The metdhthd phtictdea¢amptiseshetoehiemidalig reatting tiof bitdepainpositiyn aalufd plagicikére

bi nder conposition and the plasticizer conprises photochemcally reacting
t he bi nder conposition and the plasticizer. 8 The nmethod of claim1l or the
t her mal #8r ansfThe nettedeftclagh 1odrahenthBrmaMnensirreldnieat 6ff dlsier 2, velergno tetbimier
conprise%l% %hgggr r&sggin%f The nethod of claiml or the thermal transfer
el ement 6F ¢ ar'mwP ergl "{HE" bi nder conposition conprises a dispersing
agent. 10. The nmethod of claim 1, wherein the step of thernally

transferring ortiqgn_.of .the trapsfe unit conprjses selectivel

i rradiat ’hg t ﬁ”e“ t"}?g\p f °[3P’éns°rf © @F‘é'??i HPns\aﬁrtefF"TegEWlt‘f a‘Wfér“é}lef?“l He %’H’@? nal
t r ansf er cehpoziioh coaprises Sdispetsing aghdt- t 0- heat conversion | ayer to generate

heat in response to irradiation. 11. The nethod of claim1, wherein the
met hod further conprises formng an electronic display using the

transferned | ajemedsd af cldi@as vhérein Gie steprof Herrial I GERIEARE a gérti&m thd @dmkfeoni C
di spl ay. l%. The net hod. of Iain$%¢f ere{n t he stﬁg,o form ng an

el ect r onPlt g selegtivs i imadiating she thepmal ransiep elemegt with Jighty asrendhcigerpib

t ransf er kireghfdr ayy@fienf SoMpride® ASlight-tPMat icoiveRionAlaped P ORAEhte 1t ﬂ\CFe‘ﬁlﬁané @mn group

consi stin dof color filter, black matrix, and spacer. 13. The thernal
transfer "8N8t of claim2, wherein the binder composition conprises a

conmpound sel ected fromthe group consisting of photocatal ysts and

phot oi ni tjato to hqgt ochem cal |y co-react the binder canposition and the
pl asti ci 37 Ofhe @Fﬂﬁﬁtﬁéfwht‘@ﬁw B TeqtRAdelEn g CORPHIT formishar &leRtramite

pl asti Ci aRplag MiRY the @snsRre® HPEHAD 6k leRAY/pdiGortol 2 RBMp NS Jr HRGIdcRRAE dighAL P

sel ected fromthe group consisting of epoxide, carboxylic acid, Hhydroxyl,

et hyl eni c-unsaturated, vinyl, acrylic, nethacrylic, am no, ester, nercapto,

l'abile hato, ThérmRthod @RIcREAVE, whditih MY fepP6f BrmiAfdn DULEEHN Qisfigy 8smfriact i onal
gr oups aggpany f%nctipnal group that _is capable of participating in a
Di et s- Al fEmingncglecganic tisplay ysing the tansferrpd; yfrods & leaseh Pobien RERIFSEPOTNANY of

clai ms | sdi@teli4roniBiiPdonsibth obbast filfel, HREk matrix, and spacer.

13. The thermal transfer element of claim 2, wherein the binder composition comprises a
compound selected from the group consisting of photocatalysts and photoinitiators to

photochemically co-react the binder composition and the plasticizer.

14, The thermal transfer element of claim 2, wherein the plasticizer comprises a compound
having a reactive functional group selected from the group consisting of epoxide, carboxylic acid,
hydroxyl, ethylenic-unsaturated, 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.

15. The thermal transfer element or method of any of claims 1 to 14, wherein the plasticizer

comprises a phosphate compound.
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conprises a phosphate conpound. 23 - 6 FEB 2004 16. The t hermal transg?E
el ement or nethod of any of clains | to 15, wherein the platicizer B 2004
conprises a (meth)acryl oyl oxyal kyl phosphate. 17. The thernmal transfer

el ement of claim?2, further conprising a |light-to-heat converter disposed
bet ween the substrate and the transfer unit. 18. The thermal transfer

el ement of claim 17, further conprising an interlayer bet ween the

light-to- @eat T%Q%%ﬁltgnsflera Sthenf! Qrdmgtnc?d (t)fr a?i?so 1msr|II o' 15, @herem the platicizer

comprises a (meth)acryloyloxyalkyl phosphate.

17. The thermal transfer element of claim 2, further comprising a light-to-heat converter

disposed between the substrate and the transfer unit.

18. The thermal transfer element of claim 17, further comprising an interlayer between the

light-to-heat conversion layer and the transfer unit.
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