METHOD OF PATTERNI NG A SUBSTRATE FI ELD 101] This discl osure is related
to the for metallic material on a substrate._ BACKGROL

1021 For %&h&@#%@ﬁal scal e, high-resolution featurequTéUsﬁPl‘m@WPZ
novi ng target for the advancenent of nanufacturing processes.
Conductive traces for printed wiring boards (PWBs) is an exenplary
application for such processes. Electroless deposition is a plating
met hod that is used for the fabrication of such features. The

chemistry and process ofMETHOD QF &AL TERNYG 4 SHBRRRAREen est abl i shed

for quite some tine, and is generally comercially available. There
remai ns however, a need for advancenents in selectively applying the
catal ytic nﬁpg#?a to the substrate that is eventually subjected to
el ectrol ess deposition processes. BRI EF SUMVARY 103] A net hod of

form ngogy mMehaldistiosui@is edldtad to @ BrmfaB6estaQhetdliAhaterie bl @pstde St eps of :
pl aci ng a donor clement proxinmate a receptor, wherein the donor

clenment inc gor substrate and a thermal transfer layer,
wherein theIB %Zﬁlg?ﬁtgransf er layer includes a catalytic material, and
wherein the thernal transfer |ayer of the donor elenent is pl aced
proxi nel02 t Hermatied efsamal fcalen bigh-exselptiarfeaturheis nlaweympviag\@@tﬁotﬂlg at
l'east a por tiQRcetent d;;f?r,a}xm(,rt g éjté(?’c@@%;%’onéhﬁz}{@er tracés%? [;rplﬁd%ﬁﬁ;{bog dgmant

to the receptor; ectro positing a net
t he recept on(P\WS)g% mxnmblﬁman@hcmnatbn jueh pragesses. afleastelesthdeposéticaliys pl@tmg

material . 104380 qff & hgeld@oﬂtﬁ%&%lan& of'sﬁbhtf&%réso \A# xﬂgtr%f&%]:roceég of

receptor substrate; a patterned first layer, wherein irst |ayer
i s capabl e 6]P°téﬂﬂﬁé¢qpﬁ§“‘tlﬂlaﬁ heen cetaldished orgiylie somettisnc, snddsganerelied second

| ayer incl Ugérﬂﬂer@mﬁyaﬁw%h%tlé Cl'h@ﬁtrﬁﬁdlﬁé howdhtd aa}fae@fo?&fvgu%ﬁﬁﬁi Msg@&?ﬁ}é‘l?t ed
metallic material, wherein the nmetallic material ha sarre@‘% tern

as the patt &rhdee the paalyticayasriahiodhe syastaiedbnnis etyady ﬁ‘é’dﬁcteé)‘ﬁé?leﬂ & ei n
t he patter ngghofitibiSproteddter and the patterned second | ayer are
thermal ly transferred to the receptor substrate froma donor el enent

and woul d bﬁﬁ%@%& eif originally formed on the receptor
substrate i e n which they are found on the receptor
substrate. 1051 A thernal transfer donor el enent including, in the
fol | owilAy oAdesthodaf dmang agutallic material an b iegiptortip: meladescimrpieps sft pincingyer ;
and a ther nﬁ!}notr E]@TrﬁélIt sicoxln%(eee{ rcEcJBﬂJtr, \!I]‘[&Fclll‘}'ltqg JorBr cﬁ%éﬁ#t Xltchlﬁcs%%rl sgﬂstratc

and a thermal transfer layer, wherein the thermal transfer layer includes a catalytic

material, and wherein the thermal transfer layer of the donor element is placed proximate

the surface of the receptor; thermally transferring at least a portion of the thermal transfer

layer from the donor element to the receptor; and electrolessly depositing a metallic

material on the receptor by growth of the metallic material on the catalytic material.

[04]  An article including, in the following order: a receptor substrate; a patterned first layer,
wherein the first layer is capable of adhering to the receptor substrate; a patterned second
layer inciuding a catalytic material; and an electrolessly deposited metallic material,
wherein the metallic material has the same pattern as the patterned first layer and the
second patterned layer, wherein the patterned first layer and the patterned second layer are
thermally transferred to the receptor substrate from a donor element and would be
incompatible if originally formed on the receptor substrate in the order in which they are

found on the receptor substrate.



BRI EF DESCRI PTION OF THE DRAWNGS [6] FIG la is a schematic cross
section of | e of a donor el enment as disclosed here
FIG Ib |5W§r}§%9ﬁ§ﬂ'§n?| c cross section of one exanple of Pé:TWB(fSIUEs"LZ
el enent as disclosed herein. [8 FIG le is a schematic cross section
of one exanple of a donor elenent as disclosed herein. [9] FIG Id is
a schematic cross section of one exanple of a donor el enent as

di scl osed herein. [10] FIGs. 2a - 2c are schematic cross sections

i |1 ustrl8k ngt *asmab%@ erdaygr qlempgst weluding) e felipwing Riders 2ipRRg SESERRGr
substrate, aghttghtattehvBeRh 1GONYAIaSthOMaltkah¥ler layeRMEY incl@fds b BirRydAyer,
and a thermal transfer |ayer being transferred to the surface of a
receptor. [jﬁﬁ gk 5. 3a - 3c are schematic cross sections
illustrating at |east a portion of a donor el ement having a thernal

transfer | apmEbDBERORIPTENS DErTHEIDRAWIREsSsuUr f ace of a receptor. [12]

FIG 4 iIIustrates an exenplary nmethod of formng a patterned
metal | i nate i al ‘%@P FIG 5 illustrates an exempl ary nethod of
form nd péftl ehaie 8 Ssherpatic cress sretie 9T spe cxemple off @nOBelF‘P?“u%WIS&lOé%d an

exenpl ary magbmad of formng a patterned netallic material. [15] FIG
71s a nicrograph of a sanple. DETAILED DESCRIPTION [16] It is to be

cont enP ok caial Ray RL ks ot G apE ol bR e L et

spirit of thaEpresent di scl osure. The follomnng detail ed description,
therefore, is not to be taken in a limting sense. [17] A

sci entifpgc a0, ch§Q§Hh@rﬁzltlctcﬁfs§§cH§l%q oﬁhed'x%lﬂ]c@ﬁé/ gongptq&ﬁﬂg& Leman! y

used in the art unless otherw se specified. The definitions provided
herein are #®eMacilitate understanding of certain terns used
frequently herein and are not nmeant to limt the scope of the present
di scl os[g9le. FIG. 1d is a schematic cross section of one example of a donor element as disclosed

herein.

[10]  FIGs. 2a — 2¢ are schematic cross sections illustrating at least a portion of a donor element
having a donor substrate, a light to heat conversion (LTHC) layer, an interlayer, and a

thermal transfer layer being transferred to the surface of a receptor.

[11}  FIGs. 3a — 3¢ are schematic cross sections iltustrating at least a portion of a donor element

having a thermal transfer layer being transferred to the surface of a receptor.
[12]  FIG. 4 illustrates an exemplary method of forming a patterned metallic material.
[13] FIG. 5 illustrates an exemplary method of forming a patterned metallic material.
[14] FIG. 6 illustrates an exemplary method of forming a patterned metallic material.

[15] FIG. 7 is a micrograph of a sample.



[18] Unless otherw se indicated, all nunbers expressing feature

si zes, ampunts. and physical properties used in the speC|f|cat|on and
claims ar eVOF"WW1Rbier st ood as being nodified in all i TTARRYBORIISE e
term "about." Accordingly, unless indicated to the contrary, the
nunerical paranmeters set forth in the foregoing specification and
attached clains are approxi mations that can vary dependi ng upon the
desired properties sought to be obtained by those skilled in the art
utilizing tﬁEﬂF%h%@FﬁégRﬁﬂg@Nosed herein. [19] The recitation of
nunerical ranges by endpoints includes all nunbers subsumed within

that rafge @Ss & belm@é?st&;d'tﬁh@ LS R8mehts l:;lsyémd vt a%e HentioBed IRrBfe chtenfplighdd)

and any range within that range, 120 used in this specification
and the appéht®a &9 %@Wlthtnﬁéle&aﬁwgéxoa}th? FPPgOspirit Of"t%ﬁri’feselﬁr‘i'éﬁdoﬁlﬁ‘é The

enconpass erfmwummem\@rmgmp kidFc@dre, n@ﬁoeroaﬁtwa@en WY 185i8nd REsecONt ent
clearly di ct at es ot herw se. used in this specification and the

appende L " is generally enployed in its sense
"evuar g Aipispdeap %&@ﬁaﬁ@f%ﬁow@iﬁr% s et GPRmRR e F 2.
1211 Di SCI Oa8ldsstveteavise specifiedTE b definitfons provitisicheseimn®e @l fhdilatiBhdistaalingn a

or ot mat e a o GERBLBP it PRmien T ReR R e AR R T RE TPy R PR

donor subst datlessannd a thermal transfer |ayer, wherein the thernal
transfer Iayer i ncl udes a catalytic material, and wherein the thermnal
transf efgl aYBlosOih ol g gﬁg&i |§$£] t tor
surfac:[rslt hgjr%n@rsa %tyél?g%nsq g&?l r%% at éx?repél orltglglgér% 0 ﬁﬁ ﬂgﬁﬁﬁﬁﬁr
transfer | apwpetieomed méh@omﬁcawmmmmm ﬂ@@e pedsestood ps i aeiifiedamd

el ect 1 ol esSky AGRASHY 110G “BRLE IbCorRLIPHRs ifflch o IEESRAL ﬂéurface
by growth of the netallic material on tThe catalytic nmateri 22]
Met hods di s@r@eridl memetes sof foeh methepfomge@g Sﬁe@ﬁcme agy] attaghed i a}:ﬁ ating
of netals. fblé’fﬂlll@t@@ﬁl'a{@fmaly'd&peﬁ@ﬂ% hﬂ?)\’l‘?l Vd%sﬁeh%ro‘ﬂ&%es% uQ@tOQ:Ie%E{a{ug{l €ss
pl ating solu contalnhs a so form of eposi t

toget her wi PHthesykilgdinthe a@@ﬂtzmgﬁr?ée%mgﬁml@lomrlmem the deposit netal
is usually an ionic species or a netal conplex (i.e., a netal species
coor di nagjed Thereoiion bf dfeficd] i@ARAF endpoRitaficiidey all hilideRIsOReHSd Gpigs not

|ncludethea |ication aof e]le rren |ec that is
bei ng coat ed® %H’ee lgolctgssémé‘gﬁ%fa{r ﬂ& % Pi% ‘Hé‘“@%aﬁg\%y‘ e 155&’.“
Once the depmgé.ti on begins at the catalytic surface, plating proceeds
by the continued reduction of the solution netal source, catalyzed by
its o |.0» eghodi ment s
of "t he 1205 h 2 vE4A B8 SperORNs et B B AU E Moy B AP o
mat eri al , s tibh %Ompaabm@dmaIha\swldwahly&rentsounldgglthpemjmnt dleprly dictetal yst
precursor, S C | ayer.
P23] Mot hod S ERas 25 3533 s Hlei 00N “ﬁﬁél‘de"t"(ﬂ‘r"i{hﬁg{p‘ 103y

mat eri al s t lgeierally emplowesiain is @dswmqlmlm&‘?ge:i/on”mdla@elcb cﬁhtemtmﬂy dielgichg
(LI'TH) . Furthervidetails regarding LITT donor films, and methods of
utilizing themcan be found in U S. Patent Nos. 6,866,979; 6,586, 153;
6, 468, 715; 6, 284,425; 6,194,119; and 5,725,989, all of which are

i ncor pdPbk edissioses hereiis & sretpd Atferming mellic material ap geteiPesicca dry,

digital pat §RuaindGhaveber pladinghidekbr lehbBitHrdxithdl £RadptddGurkse, $BkRGithy el Y
transferred froma donor, across a space, to a receptor, The areas of

the donor t HaRor slemendgichueass 4060@“3%?"'88‘{ Biverr Fapsfer @W’ér Yerein the thermal

transf erred uh@fdr lru@errmms @EatalfitZdhat&AHe a%amélﬁﬂ@fﬂmana@a@fer@iy&m&me 100
is illustrated i The exenpl ary Eanor el ement 100 i ncludes a

donor subst (%1% ef%@%“t l%iﬂ@e‘?ﬂp‘f’ﬁ‘é'ia??ﬁllle rp?egﬁg fufacq; fipapally dransferping ati838t agonor

substrate 192tieR6f thethbidfan@chsfer Ryar &k thiS®nbY eldnehitR receSldEfrB&; @nd
polymer film One suitable type of polynmer filmis a polyester film
for exanpl e, polyethylene terephthalate (PET) or polyethyl ene
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organi c, such as palladiumacetate or palladi um propanoate. In an
enbodi nent, al kanoate salts can be utilized. [28] In an enbodi nent, a
conposi t | oWOPMRMFZ6 | ydes a catalytic material, such adCA/HFRENE{068982
exenplified above, can be utilized. For exanple, a conposition that

i ncl udes netal nanoparticles, such as palladiumor silver
nanoparticles; or copper or nickel nanoparticles can be utilized. In
an enbodi nent, the thermal transfer |ayer 104 can include a vapor
deposi t ed melegirolessly deposising apeiellia aptsyriondhepedepatiinfase fyzowicattat yt i ¢
material s a'n%%lllcf}ﬁété-}ﬁﬁoﬂﬁér%dlﬁic%ateﬁﬁf erred to herein as catal yst
precursors that can e made to catal yze the gromh of a netallic

mat eri al Ean enb cat alﬁ% recursor can be made to

cat al yzZ&Zk hé’t oGS ‘&?Fd er?Péf’ §r[3{PEOC eflecplessplting pf mgels-tIneg  an

activating @ﬁamhuhel@m cah vdRe ﬂma@echfrmerectrd‘]éagpreﬁqﬁgrgpiuﬁontaﬂc&rtgasu $oluble
netal ,. such as tho i fi above

mat eri al that c exe /
can be utili %lcf %ﬁrﬁrﬂ@@getﬁr&&hrg@rml% rsegfuirﬁ @ﬁ%ﬂp ffepotit e
activating ma_dismmny biS 108 PEBILS 6 a()fletﬁlh:emﬁlai gley 8 mcpf §R¢1EsSObrdinated to

solution containing.a npetal f I n an odi

ol o o i ararigndy. Comelb ity ot S SBuEE Beroein o) Seci
cat a: yze t heurgghomtalvook piacertiedt &l Helng coa@dde Imha brocan gdnerally ntlirza@oba&gréxa
catal yst precurso tivation condition
o exposul e e QissESBah BrEgD A RO BB e PRSP s Bl e,
materi al t hactntmmmloedmnrdm @ cteadlutien Iaaalrsomre@mﬂ@ngey 1 OCeSstal safie,
catalyze th r erial. can tilized as a
catalyer pr oetr et oGl R o AR or dRe B0, P s Sudieatn s
i S exposur EPE)fUIdE(th a:amayty:smatqnmbmh 804 ndble metalataitityer) ot hatdwigtabnlysta
metal for exa an;, L& e catal yst precursor.
[30] In an gnﬁm%or e n aSt Sélltgc ?O\%nﬁeﬁﬂ tgg?{alrsf"fhoan "%4n be a cheni cal

reaction. For exanp a catalyst precursor that includes a netal
i on, suéd aMeﬁ@th@tral%@wse%lwﬁnb@ﬂ@& posédestand matstdlythptore astpgiatedivith

reduce the Palimligcl Qh%aﬁﬁgﬂinﬁ @.I’f‘g F@ﬁﬁsmtﬁﬁ Yegﬁr%%@lﬂgioﬂ&%§ aIuh at

can be utilized include, but "are not |im 2{9
te,

f or nal dehydéleth@@knf@ﬁ«hw%marm lnéounﬁylu%%zl’mn Nﬁsyérgé‘iP?Peﬁ ﬁ%r

hydrazi ne sylibabs; 62844t Lysl 851 48 5395 6@ &i of vfidn érélm@&p@&r@@ﬁkraﬁw
where the catalyst precursor is reduced to forman active catal

t he t her mal "aferefiss theretq. Byl is gengraly p diyndigited eaticrungaethad s tvhish a dhip § r and

the reduci ngoa@geratsere&me]y@fmme@fromeaoﬁ&rercm §ﬂa@é"'&;aerrec RY eTheGRldb O
i ncl ude Pd2+ or and a reduci g)altagent such as_Sn2+ for exanple.

The mater i theth"a‘{r%@é?réFWé"é’ 1 fEOugRe ORI cRery Angiranpieed thdliedsdertpr. Pd
or Ag) for exanple could then be generated in situ. Alternatively,
t he t heedial Ohe eaafpirofb dyer citBdntd OQs distabdid FISNBETHdixefplegulotort hen be

oo, e MRl S O BT M et o e

Alternatively, a thermal transfer |ayer 104 could include one |ayer
t hat i ridgfluddse éonemsubitiptet 10g cacherfemred itk apn aschd yrateriglheuch psrcolptess fibm.

| ayer ¢ hat - ORE i GE R fer fnh RSB b Pl B LARMIE | O ngoa”
The reduct i ¢arpbthalatedPO2r polyetingene nmilﬂﬁutedPENgﬁlrre:s Pewtvey @thgr filow oMl
then be accqrfﬁ&aﬁfas@caﬁaro&m%gpgm @raﬁer;]rrqnieyaaé%laamfrr@ﬁﬁrm af}nl Y

t he conponents to mgrate to tion sim

f ashi on, t hendtgysicgyiaehedipphigitrapemisyiemeflightrage parbculdtevar denap srwalliss f ace
in two Sepaﬁﬁhﬁmﬁtxﬁ%%nlclﬂﬁﬁ‘theHﬁh‘PQaﬂlf‘r? £ doRlaParbliGhiibs, %ﬂ?ﬁe%&? het N€
reaction could take place to create the catal yst. For exanple, the
reacti on codengr pbstraig 12amatlepsy samednsiinges; e ba Hat Smﬂgvr wtiform cestingsteen be
reactive 5p?tﬁfn@@tllgrreorpyrlltela@l'idf@tllﬂsﬁfaté f@%‘if?glsmygircﬁ i‘lﬁ@ele&’éd tmfn ﬁthrYaqmlat

i nduced nmobility. [32] The reduction of th + or 2+ r Ag

4.



[36] A thermal transfer |ayer 104 as disclosed herein includes a
catalytic material and can optionally include other materials. The

ot her nmat eVPIPYHWAE nay be included in the thermal tr ACITEROOBAGHRER2
104 are generally those that are to be included in an ultimte
article or device that is to be fabricated using a nmethod as

di scl osed herein. In one enbodinent, the thermal transfer |ayer 104
optionally includes another material that can contribute to the
ability of tdwmin iebladebpiterbaing heating, aykratitgofadio@ine la}@rstolﬁélerdelmpkment
surface andj il X e I

mator il to | e RPLRRE HE bl B PRlnal et S RSRSE BB

t he t her nal ntm.alnsh embddiyent, ﬂleahwkmsb ifncbudeutatrgotapmerze fibm 0ddenm to 0.1
enbodi nent r an be
i 11 zed i Py S BPG Sn Blo HHERER e BT TR Bl
materi al tongpalebdwedt partially exposed. Exposure of the surface of
the catalytic material can be useful during electroless plati ng I n

an enboggjme mionortetbﬁleﬂc@qo(pml maamrmémmefah@&r Ia)mp {g4d Q‘ﬁerhﬁl ﬂ ah@fe]t]
transferlaer can include a nmaterial th |scaa | e of e

et ched or d#%réléﬂ %?él&daw&yeremfm%%ﬁatélymm@@iw& C?télytﬁli“?tfﬂﬁéﬂﬂd%ﬁﬁf material

addi ti onal Q{afi&hfibg)vﬁfe aQLEHRE HicloR B sSERP0GRIke BRcHIdS! BBl oRite dhae
nmetallic material deposi t ed. [38{ In an _enbodi ment, the thernal

transfer | aﬁ?@?c“iléﬂmb‘%ﬁ be Aefiqig sataly sebegrputh of psiellis r‘?ﬁéﬁﬁ‘&‘éé" %"H%"C&%fﬁséy on

of the ther gglositib@odedd FerRimpld)forhSoubdiandt @&LRRIde 33 alaBCE the bibwANSY
enbodi nent, the other alternative materials that contribute “to the

adher ent nafi§rdicaratgpls Oy frerheonfRERRT R formay aFtve Gy inmteriahr Makrils i n a

separ at e | aygt ca@lbe hage m@tamé thé roREfd melaBitOliatekAR aWYfiereliSre@@sSdst | oned
fart hest fromthe donor fﬁf ﬁte so.it is.in contact with the
recept or af CERYE PEAYTES ‘?"8 Iy, the ABREF mateadlspn b nieseidn COUHIBIONHOT  For

exanpl e, politeetihdubihiiciims Rt eslioalabdigRRidAge.&. m@hdpdﬁdles & ikiR®adch e mal

Cr 0951 | kb B! HRPRCs RS B e BledT PR et e i Geleern,

after the t b:eﬁlymblebwrmsiseﬁschs@gdeaboﬁeMn 1% enfbadigiert 4 ethlfticomtdriabd domar

el enent to thg‘ rece ﬁ%‘oi surface. Exanples of polyneric binders that
can be incl (IS4 FROTPKE A Pansf er | ayers include, but are not
limted to UV-crosslinkable materi aI s or thermally crosslinkable

mat er i dRE sGsdinpes of hetsdalpkiatdan caialytsehagroniblof mkelic inptcexlp oxlnde birhieat
or radiatiog, 2 qg t a

cur ot vo. (ong IRSRG SR, Bl iR RARG IMACKBIERER BB ot
material s cmtabearldtmeltaﬂlz@él Ingnjembésdimentegrei; WS ¢lm¢n¢ﬁde grobp & B elemsnted i n
the Encycl OQMe%tlﬁiedPQbéé% e%ﬁé ﬁ&ﬁ@e glﬂ(JreEl'agl'irﬂﬁe%rté) glmu caﬂdmtpl,p
350-390 and 418- 449 (John Wiey & Sons. 1986), Vol 1% pb.

186- 212 ( JoH#Enm, wapa rsmhgomlqrgggangal{es@]row tarm:lg;tl cmrhzmmai g ng
and conduct g&ﬁldﬁﬁﬁsﬁlrhﬂkﬁ@oﬁmﬂo}dm'lﬁolfﬂ!«fgﬁilﬁﬁ A& M ufhe iR, llﬂ@dlum
utilized herein. Insulating crosslinka (%mers as are generally
known to thededigm, lkpr, ndjup, flhélﬂameny@awhﬁ@rruga lipipg, hafijursentgie of an
i nsul ating ﬁfngﬁélshl'eﬁﬂﬁﬁbés%uﬁﬁ)llﬂm I;mﬁtlmcgdu Bk, bi Befinh ik HERSE In
acryl ates. Conductive crosslinkab pol yimers as are generally known
to those of a&fnpqdimest, Elwem'éarhtor@wlsr?ee e fprrongagneticy iappriamglcororpwratlict i ve
crossli nkabtrﬂnmlpmmru% bﬁﬁﬂldﬁ@@hodmﬁ SiE rigfund, maﬂch% b@niuBGhd@Ri dalinCS,
pol yacet yl enes polg phenyl enes, polyfl uorenes

pol (3, 4- et Hiyl B8 amBImeit R er@yre nEEHmTRESs ﬂr@mhg‘ﬁeé{aﬁqrelséb@amiaéson@f
crossli nkabbﬁn&@hﬁfals&ﬂaﬁa]&@@éus&ﬁi& aRBtalytit b B4l F&Céxh&ﬂﬁe smtore&ﬁpla@s
limted to, SI | anc functionalizcd triarylam ne, {30 y( nor ornencs)

with pendanf Petalyisyshassalis °§§a"dit1§’(‘;¥f‘6’§§dfof ‘ﬁ‘aﬂélelsﬁr?ﬁp‘é digin, platewaipdngat er

10, pp. 1668hE6dd bb HORRY., S of Maal b@%llﬁ&@qlch@kﬁastﬁaﬁmmEﬁwlﬂﬁ or
triarylam ne as disclosed in Bayerl et al Macr onol . Rapi d Commun.

-5-



[45] In an enbodi ment, an exenplary thermal transfer layer includes a
mul t i conponent transfer unit that is capable of formng at | east two
| ayers of WOR%1923¢er construction. These two | ayers JICH2008/068082
mul tilayer construction often correspond to two |ayers of the thernal
transfer layer. [46] The thermal transfer |ayer may include an
optional adhesive |ayer disposed on an outer surface of the thermnal
transfer layer to facilitate adhesion to the receptor. The adhesive

| ayer may pow#hideudtdsenllfdinticeiolesr paladiumipropinatee inampindodinentadesity e

| ayer may coudugline fhis&tricity between the receptor and the other

| ayers of the transfer [ayer or may only adhere the transfer layer to
the receptor. The adhesive |ayer may be formed usin for exanple,

t her moplP8lst kanssrbpAmicat 2 popnogdphtiadBrielse t Favyticertsish Sehrtiu ey

pol yners, cepaMiiibdyebodd) da@NniGoad w6t dxRdplE,ial doBPoMRInY IR (S lud &A1
conducting and non-conduct i ng di spersions. Exanples of  suitable

pol ymer s i n&PA¥HClEYPucE AP oI BchspeparisleFsF PRpBiTgiskrlganoparticle

pol yani | i nCgan minméal Qrpiiﬁdihﬂ)%dmﬁﬂt' e R LeRey 19M 189 es) include 2 vapor
pol yacetyl cn r condﬁctlve organic materials known to one

of skill in ?H?é‘t‘gl‘?et r?él ) 45g2RE 4EPopit #2ladWRY £ i cat i on. Exanpl es of

sui tabl e conductive di spersions include inks containing carbon bl ack,
gr aphi t[@9] c&eatiytic mardtlsbesincludd maénatserefisvet todieheirt @ chﬂaljﬁstlpmchlisdﬁrs i e,
ultrafine a L0,.9x1 d 1 ferials
from corrpan?}%glnas)e{}%ﬁgtaaly%%ﬂ'gﬁg@@g eaﬂ}ger?dgerﬁaiegx ?ng%ord ari gﬁ THI

Ri dge, |11 . preawmsbrMat lzchadg kb camhszeme gRawth of ﬂoﬂdhcmawmlaﬂhmcu@ it myper s

can also in it r nduct ors such as
N, N1- bi s(1- %&%‘?‘}%f??‘ﬁ{\?%fn i p %l g&;"?ueéﬁ%ﬂ’l ?‘9?@5‘9‘%&9 it e ®e). [47]
An enbodi meremplérad metalc sughl @sthasermmph@@mimmem1 bt nalivsf aya ctaaaggetplwrsor
optionally J t
rom the dolnclfafbaiBal ubehifpd AROEIS SLENEE of Btwul B pBLAPR"
surface aft eqlutiongnetfiaing amietal foy exapipte dn @ha@nhogumeoh& aeananlg, smatpgalu that.an
article aft

Ceceptor | Fortaytenn] 8RBl IR bl @UBe 8 ARG CRAG, eEmbe
have a condu@hﬁe%w@}ﬂé\rst pRcUrsee Irléwr&tlsmbwem@méhq mvatlayecrndé@mw ni ng
the catal yStypofieh AofiRstdibich] AncakbAnDR, Bkank @gaetﬂé{gna? fhat, onog
fabricating an article in whith electrical’ conneotivii

substrat e t &uigsEed ApandPR-Fxehange arocess, cpiscatpdyre thegrovek aﬁtpmetslhgmavmlém al s
that can bepi pal IR0 daliyd hr@¥%Rbr. S{Hataha;%eﬁqﬁudﬁnenpq]lelagf%vanpy&onaﬁlsnﬂot
limted to, conductive particles and conductive polyners. coul d

al so be advaHragesitie eaplyshriecuser fosalugen thef contyies = mafak ﬁ%@qa@ele habpan
before the LRwesafBftimhdéandyst hecehdt.al yst. Such a construction coul d
be advant ageous in fabricating an article in which el ectrl cal
|nsulat etwenthe ubstrate d the netallic mater]

desi red gf 08‘1'“% EP?%YF%“gtcﬂ& S T i e TF’%F‘B%IE 8uch
as this inc Icudgast pRuiirsalet Moliddsiamct thnt ich s adriapd, alby wegosed th 48]

Al t hough the thernmal . nsf.er_ b be formed with discret

Cayor s SRR iR e PP oF Rk o pe POty B R ¢ ne
thermal tr aﬂ%mflﬁl‘utlhaaydéﬂcluﬁﬂ,yaut mre hotdeniledyoe fis (bR tfothaldehyy) sbﬂlpine
conponent s es in.t onstr | so be
inderstood PRABIAT W PSRN Eduinens el Slgmb irathe wvEs of o

| ayers may be m xed together during transfer or ot herw se conbi ned
or readBHd. Inam cbpdipwsteyhcrdtbsetdlnypraysonlsréivergho firnad agive curpitried,

w il be ref

erbodi ment {Kar I ReT e o e G B Rl i A G B Bl Ty
materi al of exdmplethadierye tiapsfes faypgpulddnghrde Sdhor Ag’ gﬁnéep@na@agewemh in
two separat g §ayRf slhal Tﬂ@?ﬁ@teﬂh)ﬂf‘a@cﬁﬁﬁ 80w ol 19&@11.% Ak thAt

i ncl udes the adhesive as we as the cata Ic materl a ot her



1511 Typically, the radiation absorber in the LTHC | ayer (or other
| ayers) absorbs | i in the infrared, visible, and/or ultraviolet
regi ons ofW PH@”‘*’@‘Il@'gfrormgnetl c spectrum The radiati on BE5RHS065082
typically highly absorptive of the selected inmaging radiation,

provi ding an optical density at the wavel ength of the imaging
radiation in the range of 0.2 to 3, and in one enbodinment fromO0.5
to 2. Suitable 0radl ation absorbing materials can include, for

exanpl e, dyesAga foy exanyile¢oydghenhs genagtedinviio | Adtemgtredy, therﬁheﬁ'la?lél@mcﬂgres
f1 uorescent gyegu cenaiu{cﬁ,qé 8 %cpedl@crm&i l%gax?%é Dgaas LETEGPE TRER S,

met al compounds, net i1 ms, and her sui sor bi ng mat &r1 al s.
Exanpl es of fegkemame.do %@éﬁd@tﬂi@cﬁﬁi alb&g)rvﬁmhs:a@bzﬁewﬂmrw@ of the beiallis| ack,
metal  oxi degnyRd ARhAtived! h e ralsh?] 4 SRR THC
| ayer can |n(§ilt ude a pi é@ﬁt esucﬁaassggcag?l}?n% aclﬁdé)&(%%ﬁ%h&tgmu%eés_uch
as an or ganiEPFIPrRERSOTARG Piledayes tpt ngindss ¢ TdSINEAZeR. Eerrpxpmile.adeermelt al

or netal/ m?@ﬁcf&ﬁy@@coﬁ@ﬁﬁ@ﬂic @Fayer ﬁ]ﬂ'nfbhfdbi 3 Jngran&mml:ﬁhatmcﬂﬁgs Pd*
alumi num (i.e.,,,a parti al %{' oEEij fi zed, al uni num havi ng bl ack vi sual
Q)

appear ance) or ABY ﬁ'ﬁl@“‘éﬁmﬂ ObABO UHRH"or ﬁﬁrsfeﬁ?ﬁ%}w@é q%]ldr’f]#@ bpy

t echni ques, 2&4&BliASd by SpoSIARPHR, 1@&% wef aﬁbvangim@mwlaﬁg t‘é@mgrate to
deposi tion. Partl cul ate _coatin ornmed using a binder and any

sui tabl e dr §iTest thigsaciena dn fgjmilar gfh%hiq&u‘éequle@fs uldiba frrwfrrad oghgepeptor
mat eri al  cagurl@e tivh 04 éﬁ}t @E§ PORE bntdhe Hetaksks dd@anktiéd, 't}@)f@a(:n&lrcoﬁl@n
I STUri

be non- honbgeneousl!y uted. For exanple, as described in U S
Pat ent No. EQIGC@SSW”FHECG‘P@&‘I Jis prampe, Wﬁi“’é‘ﬁ"qné’o‘ﬂlﬁ%‘r“ﬁ@?eﬁtbéd herei n

by ref er encaisidh@ioftafd mi}edtiol 6fBYRAGRY Spebili£r by MephAlyGAdthcOBnid a6, bPby
control terrperature rofi. | es in donor elenents. This can give rise to
donor el eneteen wdyceh ABIR; gher transfer sensitivities (e.g., better
fidelity between the intended transfer patterns and actual transfer
patternd}l [[BdiedDyies ofsthe PébbreAd bro RdSer 4 ressgetnaeﬂy,@mldibmmbd&mx:&npli@h@ln
Ir_r-la-{_lgr: g?/er or a)%p%?ll’lgﬁl??\g(ﬁta}(érp WadI{eE‘ aﬁg\!ﬂ%é ﬁlg cgm[%ne%q l.sodmgm%q? et[%ec hQI nder
1551When di spetimedn @amilar(fuslhamehw trahi lwersomulalbs oniséersd trtiee naeaetb,r smﬁee in

particle si a 0

acs, “and mey? BEMESee TsE BT B R sAOGAD, 08 Rlon S Pl Chics, o
t hat absorbtd cneattehtée ¢aqRlysd gForexahple ke lsepzeel! e beEmaﬂFﬂ @Sdlsiblusmmddyes
may be foun 1 um
Press, Oj?rald}{%gggggd Mhecr(eb opﬁ){tﬁélﬁgg@?xﬁ c{eg p dtect& b&rgc#ﬁ%ymﬁﬁc @

Di ode LasersﬂObBtYnshl n Publ i shing Co. Tokyo 1990, U.S. Pat. Nos.
4,722,583; 4,833,124; 4,912,083; 4, 942 141; 4,948,776; 4,948,778;
4,950, 639 o QB0 38R togﬂgaaanga%me 26020 ickily k58 238;

5, 286, 604, 340, 699; 5, 351 617; 60 ; and 5,401, 60%' Eur opean
Pat ent Nos. ag?‘iw 8 PSS BEBEIS!s: inestfaypintjl suchyime s a gagijon is dpsiredn Wi

Soc., Chem efs@izithe use b99ZepAhmis 4Rdr (LI R31d predént thebronfaiuedre@titn bier ein
i ncorporat ed b reference {ER absor.hers market ed d endal e

Protective TEERNBI283FREaYqre.e. an oxdiringpd arpdycing peeyk Ao 3@ LPENEE) on

CYASORB | R- 8@ actinRasl2éheantd] dnfrol fifysida badies @ sb&:lﬁtSﬁ&}-hrﬁtlﬁQ@&hlblecbf dye may
be chosen based .on factors such .as, sol ubil |l§, and coppatibility
with, a spetPPREGRYRS? SNENSPNE Ry MEF %B?I\v@ bleng compifsingaor piqgEple an
vvavgl engt E ﬁcamgmctm‘nalaab@qlé i d. Eﬁacatbaﬁ%ab@ugfﬂgﬂ&ﬁhﬁﬂonﬂlﬁtnﬁf)|aﬂ|aﬁl%ﬂﬂﬁ“b(ncﬁblﬁlp be
used in the LTH on sqr.bers of suitaple
S oents | U e e Bl 2k PSR BS ) Bt WP Wialable Polyaier Sidh

pht hal ocyansetulosti aclesb oddellﬁlb&laeﬁas but?;hﬁdz (mtme«allmegﬂms@nﬁemrﬁdhbed in
U S. Pat. d53 i hcor porated_herein, by ..
Coter once. | ORIEAREY SO AR I Sl aHDS  hLCRH GH 14 ot Fu op ritated
chr om um cobgbexesfted the serth@marmli@ning yegapt@osng)/ @ {hesa/laydica frhusitedi ne
red, and nickel azo yell ow can be useful. Inorganic pignments can al so
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[57] Metal radiation absorbers may be used, either in the formof
particles, as described for instance in U S. Pat. No. 4,252

i ncor por at W4 2ABM32036 by ref erence, or as films, as di SC|I’(§‘S’I“él€]GZPq§IO@O§2
Pat. No. 5, 256,506, incorporated herein by reference. Suitable netals
i nclude, for exanple, alum num bisnuth, tin, indium telluriumand
zinc. [58] As indicated, a particulate radiation absorber may be

di sposed in a binder. The weight percent of the radiation absorber in
the coating stagh(eieueNidigng HeerSenaiaEng lay i/ redyeing ageatl 1oan agreony sofusiop Mith a
percent, is c&ﬁﬂ)ﬂé@ﬂmﬂ bhaf SRR the WhaHfilQay Qin'ﬁou?/théoﬂnﬁﬂt ?Hgﬂgﬁs?ﬁ@{vo&lﬁom 3
w-%to 20 wm and in anot her enbodi ment from5

dependi ng oﬁ“‘?"hq@ I fpaptiondgivgpn ﬁh&ﬁ’i'%ﬁr?%ﬂlblé(b%r%@(e@) P%Fﬁﬁtyb)if H’Géﬂ("éd}m&lsed
in the LTHCIay[aﬁﬁﬂJ:ncus%é@Q'o@re@étﬂﬂﬁétﬁreén(%@pa‘r‘ﬁ&i lafbrd) B&nid-dibdbel B¥Riled B | ude
filmformng mers, such as, for exanple phenollc resins (e.g.,

novol ak andViﬂa@é|1téﬂ¥¢é§?8ﬁ§yosslws|d91wwr PigsE PPRhole®si ns, pol yvi nyl
acetates, polyvinyl acetals, polyvinylidene chlorldes pol yacryl at es,
cel | ul 0[si4]c etehatheadids ebmaeri]s thittodded hsed aesparding lapmlymh@cnamﬁs.

Sui t abl e bi i ncl ude nono s t hat
have been o mgrﬁﬁdl&g}ﬁbl %é?‘iog’@&ge(? l&l?'gtsrg# %Eyrﬁg“'%“i‘pﬁraé'gﬁ}é‘yggﬁlﬂ%i nent s,
t he bi nder |dSscplbadnmUiSI5wsﬁ éssrrmiammnngomdmalasan@ldoéed@rra@sﬁnsﬂaﬂqaiagmg

nononers and/ al i th o

used in the Bcn W 1 I[J%Jﬁl,:ﬁlee )# a crl rﬁ&&l i?gmaqs ﬁ'ar{s rgmba‘,w@ n@tcnalﬁglénjn%gﬁods
enbodi nment uﬁﬁkmgnolfbﬁlews'tsu%maptelcynrrpasun(isé’xcmrlumi 60y ,00R ELsat luéduatd mmansfer
cal cul ating 1r\1l1\§ mr%matirlaps 1 dlpgmg dlaz%a(‘:%xlnﬁgm(aggt It)le]ecﬁ r;or }?mal?s}ls a;[t acro

monomners, ol Cross ormstsﬁe
LTHC. I n soneparatisg Iamesmpnsfngconc)srsh@rm Iazf thepe ofatetihle c¢qu—|Eé ihisiyted béfere b0 O

transt or of gy Ber AP EATTRE Y mb APAARRLe R P Mol S

transfer | ay&@nld a[lm}‘orTmthnrb@wgn thnMpravuothbrrsmpdtabfam Pesityoftte. g. ,

pol ymer) max IRL LN nce
o o 1 anspapRiier oo e kiPTredRiFbel1Eh ANGARN RO PRARPERC® |
i s thought témolled hmmnwtsab@kllessroeshaﬁemmh@lm ove the adhesion of the
LTHC | ayer to the donor substrate. In one enbodi nent, the binder

i ncl udegsP5 it g &Q;omne%&@mhy@k&mt Isﬂe@lrs%pis\é@tmatewgﬁ&&@Jr&wa%bﬁreaomeI ght
per cent therrm | astic resin, and, in one enbodinent, 30 t - %

t her nopl ast F'acr%gﬁc ﬁlwf'a?‘ﬂ%ﬁ&gjﬂmb\% rcarawe}a(#ﬁasca&lysmﬁ@uwerpqﬂéw lac %@Fch

may be usedtd e Surce bf bfer @iltm&b%ﬁ)re oTb@erm@&smgdrﬂ&ith&edf@s&taﬂsfeﬁed to the
typically chosen to be co , forma one-phase

conbi nat i onyecHRteTn fhEmpd i, ﬁ?%lteéwpo{? a IIHF“‘PHB‘“b‘?”ﬁ%I@‘POSCN%%%"H{?F Pty

par anet er cambrgecam&edly&@the BEWEEdR rE@diRarhatBidl tdnybe uBBzel 8s K&W@yt t 0 one
of skill in th sone eg[)bodl nment a therm)lgtl astl c

asl_l . In ;f‘t lle§5t
resin that R‘é?%“réor OF GHPTe DRlRdiHm saqtay cqn e tdﬁ“émwa%?aby gpogg (g 1tgnse U
(cal / cnB) 11Zdiation Hoe af shirtirnmBedtto fdma ch@lydtdol daatrdle@@ppkifion (JSYCZHQSQ”

pol yaoryl | 4t ey, BRECGe: Sonit S EreRaRioR L3 oo LRl otnglr

butyral . [ 62lmGCanwéiti @nbdk aaoatd oglaairlsss caulgiis ®ish Spoduaccid anése gNd

The LTHC |2y HLJ°Ba! EOTER-BHL0 AR boP L EPET e B NG By | ot y

of coating Seitivod8?-kowpo7) b5 He yeatrahothdk cRahpltyetpper @bty hé@@niceat §dHC

| ayer is cogted, in,at |east S, to_a thickn

b o 20 grieomaid PEhimsi TR Uy RARES Fi drie e S cnatist
enbodi nent , fdr elgotrdless deppsitiondD.-Y rihang i, EsrbrhHGHiay Burfacs Sdaat £4(1597) at

| east sone Iﬁ%t ances, to a thickness in the range of 0.001 to 10 pm
and in one enbodinment, 0.002 to | pm [63] Another exanple of a donor
element 130 is illustrated in FIG 1lc, and includes a donor substrate
132, an LTHC | ayer 136, an interlayer 138, and a thermal transfer

_8-



WO 2009/ 012026PCT/ US2008/ 068082 [ 66] Inorganic materials suitable as
interlayer materials include, for exanple, netals, netal oxides,
metal sul f VO89S | nor gani ¢ carbon coatings, incl udi RETHBY8/068082
materials that are highly transm ssive or reflective at the inmaging
| i ght wavel ength. These nmaterials may be applied to the

| i ght -t o- heat-conversion |ayer via conventional techniques (e.g.,
vacuum sputtering, vacuum evaporation, or plasnma jet deposition).

[ 67] Thi86l ntAethpraypbirangigylayar b4 dalisglospdibien iodfludgemedtalytic mafdriel dndtcenr | ayer
may be a bar Pﬁ(ﬁﬁll)aﬂahﬁbsc;ﬂle% Hﬁtehﬁl?nﬁfe%'ﬁlepﬂl %l?ﬁ%@*ﬂ fbre(?l Jd@cf"m the thermal
l'i ght-to-heat conversion layer. fso o e tenperature
attai ned i n trepgerfayandfare geaqr@bf ﬂme thhtaﬂre toweruwmdb@lnwngtnamaeirtmm| al's
can be tran%@\%er tﬁg'ls tg_l'l}@faﬂﬁga Qe Q}Cne E\'dés fok&lylféfeu ¥ @Ji%ﬁ) E%Htl ﬁlel n
i nproved plastic menmory in e ?ans erred materi a f T
interlayer rﬂﬁ;ﬂn@@ﬁ@%rr}ﬁyaldw&tOPWQlly ingfedes oty nhtsrialdhes papl contribute to the
phot of ni £ T Ly, of 4iTikeARAIHMAFor 1BLOBEMNCS: to HeASlob 6 £8AS andBELofFBhL 1Y
aids. The thickness of the interlayer may depend factors such as,
for exanpleﬂm@h@“ﬂﬁ@éﬁﬁﬁme@ﬁﬂﬂﬁénﬁﬁﬁbwﬁ%y@x”okﬁéQWﬁﬂ@Fbﬁh of the LTHC
| ayer, the material of the transfer |ayer, the wavel ength of the

i magi ngi3vpdil@bre@mbodient! t_'l’l@tlﬁlhlﬁaafril@f@r mfzeraﬁap@asluﬁ@ud@fa pbfet. 1€ biERl

transfer elenent. to i magi n di |on For polymer interla t he
ESTIOHRERRR - 2 R A A e S AT (T R
10 pm in arassiphie e Birfacé dsmm abiit nrﬁteﬂ;alpm)&aléhstgﬁmaupe@ﬂseenbgﬁment

0.5 to 3 gm _and, .in iment, 0 8 t pm_ For i ) a

“ntcr ayer s o e girtaefatls SRR PR et fubEreafeidnd &

t hi ckness ofembd5thi:mttBaf cbmymﬂ oihyxph:ﬁaial Mcludediifthe ierma Iﬂgﬁf@ﬂay@r 109 5arp mto
10 pm in an

ertboal rent - ERGRR EETR et e bine gieleq SPdrspives Ay P BBy i

el enent 140 ptilizet s tadditi@d] étchifg dBdistadhtion skepictadbeatilied befoeulxshatatie 142,
an LTHC lay%ﬁm%ﬁltda %Qgrn&l transfer layer 144, an interlayer 148,
an optional prinmer %3 er’ 143, and an opti onal release | ayer 145. [70]
Donor el ements can Jnclude an optional release |ayer 145. The

opt i onaP8l elleasenbodinsnt, the Hrermyad transfar {pyeral@it ot inglede arredterab@atehhanprs the
thermal tr a@&]feﬁf)n !)iat}f@ﬁleﬂiﬁfltrefn@@ma%? §o4 1%§l§e 1@&: {opﬁu ﬂgen Q§ ol(féI e?l{s'éﬁliheﬁtetllg
the interlaycr and/or th ayer) Reat I ng

cl enent, foPthesaigfpdve wralsmiagmlm cte thﬁ @dlmfuf r@@f@ﬁf the ﬁ@aml trggsfor

el ement. | nigt, 1|0@%§{ beiﬁ&@nt%@é&ﬁarat% DSer o‘?ltlfé'q‘ﬁ&m!ﬂ%éﬁ{ferﬁe{ﬁl\’ jdSshicasre
adhesion of the thermal transfer |ayer to the rest t he donor

el ement pri dpsitiqyediepbrstifram ths dpgossubsigiie soqibisdn @@raeta*glél thw@frpsm rHE| ude,
but are not tﬂaﬁs@ertﬁ%ﬁl tﬁ@aonop@apeu%m&qe&p@r rm e%ﬁ@f@lﬂnﬁ&lctbﬁ}ﬁ&gﬁﬁ&@a%t Ic

p0| yners, con ducti ndg non- conductin nmers
conduct i ng &HdPerigsi 6%[1%'@1?%1 nsiselpygr % POB@aﬁwb@éerdmé@l mgfredIV-

pol yners i ngl geghaf f&r)é&shﬁkaﬁﬁ' WHET &n tHRR bY &BistihitaSto eRRhotl0h QRN SR@Sthe
poly(phenyleneV|ny enes), pol yacetyl enes, and ot her conductive

organi ¢ nat derma! &ansfis lyer 19% isipasersd feop he denor elament o the xeopras sutacef

sui tabl e comgasieswe pelly HBRY SihRASNhdt Beﬁﬂ HeGRdBK B (R@MbRIA B dayeR iR blvack,
graphite, ultrafine particula ndiymtin oxide, ultrafine antinony

tin oxide, a'r?d“’E‘Bﬂ‘h‘iQrt%Pé(rqf?fS]él\%‘al?l? maicraler tarmaliyecress ipkable matgrt s aich it h
as Nanophas @mT@maoéaa@b e@qsﬂ:@kda%aipognc {cBidttror Riddh@ien, ahd/br-by tanddiet ech

(El verson, sui tabl e rials for t he rel ease Ia er

i ncl ude subP¥ ﬂ%’ﬁ‘lpé‘m?ﬁ ‘???‘%ﬁtl PHE RS &1 ﬁ ? fier- shors sk dEEMRuct i ng
mat er i a: S El sutablc aqsteﬁm mn;g@y%mu rm&ame mgﬁglza%ﬁhﬂgde th&e hﬁ&ﬁmﬂlee L he

mat eri al s SCr at , (¢ te erein
by referenc HQF ‘H*W& gﬁFl%ﬂﬂFe? g%@?ﬁyé ﬁ@gqﬁﬁﬁ ﬁégﬁ4%f t he

thermal tr al(]ﬁ)ﬁEWllb)a&ES’onQﬂ9Wnb®foﬁlE_,@p.alfSaI'ZG},? tJay[ewlleyO&ISOﬁH 1gggportion
of the release |layer may be transferred with the thermal transfer
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[ 73] Materials can be coated onto donor substrates to formthe
thermal transfer zers of the donor elenents. The thermal transfer

| ayer natéwpém?”ﬁﬁﬁ then be patterned via selective t h&GRIS2HI846 8%
fromthe donor to a receptor. Coating onto a donor followed by
patterning via selective transfer represents a de-coupling of |ayer
coating steps frompatterning steps. An advantage of de-coupling
coating and patterning steps is that materials can be patterned on
top of 8] néiknertlly, bathwsulpttngsend ednductima¢rossbukiable pelyaieiid hinder mamalmlﬂaer n,
if possible u

exanpl o 1 1 aep st AR A ARG 36 ER Wi bBlla
be patter nedh baat e b@ﬂltlbtzeéoﬁ}awmmpls @’éeeptuildymecrmsleﬁcﬂlat palyragr ﬂwoeﬁndm be
di ssol ved, a er. its
't ended puras rE e RER e e AR Rk AT QURRRAG in

sol vent - coathoge ¢fakidlin the evt cadwtugitizedi Exanulss o pondprbive Qb%séhkabbmgb@plsl bl e
material. [ ?n%]ud@‘ b‘ﬁhﬁé H@thm‘ﬁtﬁ@f&sécﬁﬁnilﬁy lﬁcctﬁlcﬁiﬁ nlgﬁy ﬁ&ﬁf&%&t can be
made by sol vent-'coati n irst materia 0 SU|tany

dryi ng the @eduflygiges, anfgpqlﬁéﬁ-e&@bé@hwﬁgbphe@b@gﬁ@m ayer that includes
material that may be susceptible to the solvent used to coat the

first n@ojer iSpdcificlarirmges df@roeshiem@cm&lalsamEalﬂﬁmtlb@dmmdmbzleﬁe fdt

el i m nat ed apQ at therwise renoval, of mnu nost of

t he sol vent %‘é’f%’r" RGeS I’ﬂ'@“ag‘lzc @‘ygﬁé’é‘ﬁnﬁcp‘gvi}@?‘ ORIERSH ¥ ‘el?c "t ransf er
of this nul &Iia@ammwﬁlsctob&nmlelhhx@resil@Chérﬁy@rerfun op Itébs-lelmr(W%ﬁhaﬁrrent
to a recept cond er becones itio e t he

Fecept or - and ARG DER OB H R GU S OBr Pt T THER el VRsSRer of
mul ti pl e | arepid mamhﬁmrmspﬂ 234-228 (2999% Yienaroi8 lctbedlink@i dbﬁddchﬁs dohyafisifiedr r ed

| ayers onther tor rel.ativ t n the daonor el enent.
Bovause of | #H Lier3Bh Penes CRMEEI DS 3 Ao B BEedsifuaRRes

under neat h Wlbzarglpblymtaﬂscloagdenmtemmxomaumlch1 Wb@?BayBramdml&ed not be
transferred toge r

Sof vent - sus SRTTRIE HarereheepRaline BT Rebint st taresb e

nmet hod, inc IL]ndxangletlﬂ?euemd’IubInqaamsEﬁm9 -A560vh tae diocigruree bEwkiol gre frobibowed by
anot her the gg&n& Q@é} r step using another donor to transfer the

sol vent-coa trerl al'(s). The sane holds for patterned thermnal
transfer of solvent-coated materials next to, but not necessarily in
cont act4bi t Buchpatcewpdimentef a thasal tansfer lyerase pise inchug eptivag] apditives,

i nconpat i bl %chan bhi et ﬁlgiteeqetchelat?g]aé&tsemﬁ @Pinﬁﬁafmﬂﬁﬁe&phr?g e%%leﬂty%{e'fa@t ed
in FIGs. 2a-2c | ustrates step fp aci ng a _donor

el enent 230adlt&wgw%le@mé%9@mp&lmaﬁ%\% C?%@gwﬁ aicEagple gurfasi@aipt or

200. This lhisbbsgah@tetyﬁor@%péoa@ﬂgeaa@meSZ@%mk&ﬁﬁméﬁs @n AREBE adRbSL r at e
232, and a thermal transfer |ayer 234, which is made up of a rel ease

| ayer 235, #PRagdativpt chariciyietios pBdesired reppetnerHENaRtfe| udes the catal ytic
material), and a polyner |layer 233 (a |layer that includes a polyneric
bi nder [amt errhaﬂl)nnal s 2Ry & Mdochinptidally mhledmbrahlmh ioﬂe lhﬁye{th&&ﬁl and

t he polyner |a be on neoys enbodi nment ,
the Honor - eFamRiyFy FRRRm IR Fof SO EAR CHET 40 PARRPEIRITY aco.

The donor eltrexmmuar(ﬁISrmeem@lﬁ 184 elmmﬁotgmhﬂda secifib dtfididvd of her mal

t f f th d t.h - f
of “the r ecolt B TpireR “RgenTLENEC b atraAe M ESed ‘0P v can
be used to hmkgdnlbhegaﬂomaallle,laedrmmr rhdterialBt Altfiigh the nhaéd lapertihddsdribed
t f ich .the d
et P nst or PGk AtaybESal GIREE SherteP itk Sl RS sl Rled e by £
| ayer can aedmriestdnmsesowhecamorb ehamakelagen 1baxsldfdethelet1my bEIamxmj’atmlo-eg:arthat
t t hat
art el o tnafelbastichd« Phisbh AECuRR R BB G ok R B it

Exanpl es of receptors include, but are not limted to any useful
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[80] Resistive thermal print heads or arrays may be used, for

exanple, with sinplified donor elenent constructions that do not
i ncl ude anVORHE12P¢r and radi ati on absorber. This may H&/US2008/068082
particularly useful with smaller substrate sizes (e.g., less than

approximately 30 cmin any dinmension) or for |arger patterns, such as
t hose required for al phanuneric segnented displays. [81] A radiation
source can generally be used to heat the LTHC | ayer (and/or other
| ayer (s) conttedigisrg diffugion of maicrighbawesathe lpysrsduforadgas geftturmiforef the
(e.g., digitahdiy 19 BYoRD S sBHcEXRATHLELOE B i

St 195, I RIS RS RS 1 YO SRR Bl b

i magew se transfer o hermal trans e donor
el enent to tplerer driaptwpitgdenyeriofde transéer fpaen dhiy caff Bodccomplicheddrpngdl y, a

heating el enRife ofSHfAtRS | bRk iy €l ed to
transfer the thee? rralslrlg1 ttr anag?]g’fglgygéré.g a%g don%r% Sg’lr{gér%%ﬁ%ﬁg?geﬁgﬁ%%

sel ecti vel y rderdaetsdaclydingmen ghap ang indrjensertipsist, pugcwdalysbdiffrentfaictions

transfer of of, RN hiieR affto bGroRRlIRInd didBsd Rlgidn@yer according to a
pattern. In another enbodi ment, thé donor el enent may include a | ayer

hoat . (31~ RPBRUARRS ot GEE  RIRETDEF B R TTibparicy i f B Lres HBack o

t he recept omiwiid thale itnpatemt dcihdig chayctdhtdsethotdyes id By euBicehpdnbe
o cbeme B B B RPN Ph B T o bl Bl e
transfer of einb@lithditjCetbinydduring trily&rr ecept or and/ or reduce distortion
inthe transferred portion of the thermal transfer layer. In one
enbodi t, [ [ ief i ) ' -Of I er
o t he Tic oSl B MR B ikl SEE S A o L EE LAY
the thermal thetiansidds formpeleast part of e muiltilayst emstasstioneoragkteptor. ily gonpreagn
Fadi ati on Py s e ARt a‘%’&%&‘fﬂiﬁé@‘lﬁeﬁ‘a@%efhﬁﬁihegﬁéd damage 1 0
t he transf eeonstiugsion.t inothensaseshie thaemalihnsfor tsierfraay inclide feven dian pthther esul t
transt or 1 aphr near o L A ool b Ty s bk R mh L PRlser

benef i ci al fiAmosBRCTFMG Othekronel clements gevinporehothasguitsble tensitienpatining
receptor ispRingbio@0FRF B bHE vOford A8 aft ¥R B ERA MRt Pfal trah B laybREDE
donor el enents can be used, including donor elenents that have length
and wi dt h dF#HEEIT Hseness. e Rpmeie layers ph eonstrugtiypapyshc Rspyided op Hgsprfacan be

rastered or ophPREW:TEhERYRMHIRALRSS 528 VeRE HRA R hBhERBNans NS/ el asEr
bei ng selectively operated to illum nate portions_of the donor

el enent acc8f Ry meEs danerelsmenty Aerrabysly, ong erardiatddiiorsl layewef t aser may
be stati onagss@i@ot Bey BORAkfREEIRN e FFOMAS RENRAhSmb k888 er ndsSodn

Mat erial s can be patterned onto receptors by selectjve thermnal
transfer of PEIFECHeR ETPRNERTCFS e Hifama) trapndir daygighsed & fore Al 2 singla bwesr

el enent canobgcoigakesh. by application of directed heat on a selected
portion of the donor elenent. Heat can be generated using a heating
clement (e.qg.. a.resistive heati | enment caonverti radi ation
G g8l hnsPorb ey SeHEab M MEG er SRR bR

current to aalséyenit tht it fepaldosfivrnéheardnit tiolagen eff abdtilgatconstrictisAny

i nst ances, ernmal, transfer ing ljight from for ex e, anp or
| nser . can BASG SRR SE I GhulRLR Sansl i o i B R e Fer ST e
can of ten béeaaihirenséd laydihe si ze and shape of the transferred pattern
(e.g., aline, circle, square, or other shape) can be controlled by,
for exaupl ernS@LGR! el Rfer$la Sachlde biGhtlohd Yinc ey cr uiBoEX BPRH
patterﬁa@f t he I't ght bgamﬁert hag :ﬁzurgti_gpn1 of d_lier ec{a]é% Eg%fma(@gn;{g%{ W th
the donor eFefenet thethermahtzanstat layar & facibipictaflicsign ohe ikeptrsriie afigsiye
Thermal {1 afgksay bRivik diledhcfQa Ol dIERr B AR REL R AL ALY BN

quality contfol for very smal evi ces, such as small “optical and
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In an enbodi ment, where the catal yst precursor is thermally converted
into an active catalyst the activating condition can occur durlng
the ther meWVOPHM4208¢ of the thermal transfer layer. Al tRGTAERIOBEFRPS2 | n
an enbodi ment that includes a thernmally activatable catal yst
precursor, the catalyst precursor can be activated before or after
the thermal transfer of the thermal transfer |ayer. For exanple, the
catal yst precursor can be thernmally treated to form nanoparticles

bef ore or afeleefricityetydge theatceptprand therothenlppgrs pfgha transfef leyer edmay] @iy

Speci fics of dﬁepeethé hﬁl‘éﬁpiayécfé t'hg?et: 4, ’ﬂ](e ahﬂglvg % ¥ %tbe@ﬁﬁg&lﬁﬁx%r, B\fmu' d
depend at Ieast In part on rticular urs at was bei ng
utilized. Ogeangfle, giimdplastic m*bén@atr, tnclugingewdvﬁ@b@n@mn@gmmtlmoélmﬁrs woul d
know how t 0 cagi by dparsoha}e egm&atgai{v 3, AGRFUNIRRg | ar{un%a&&uanpe
utilized. For exa dep end Ing o e partlcu i tata yst precursor
that is bei digpasipys E@mple@n@umblgmlmers nclpdee butare lmblun@dnmwytme
particul ar rpm[@ﬁ.c@%lﬁmﬂﬁa%owmagﬂcﬁa @ﬁy@ﬁtlwmmplgngﬁsslgaecsyizﬂés sfoul d

be utilized or exa “’’sone cat al yst” preecursors can’ be acti vat ed
by energy f OB @nﬁlﬁﬁﬁeﬁfg%wc @%Uraésé@owﬂ Weng af Srlfdl ipthe apfohavingpgagdlds t o,

argon ion | a—&%fﬁéatloﬁxﬁaﬁﬁlek @ﬁs%ftﬁ)le (quu%ﬁ*@ Alﬂf}%@foﬁs inB0gkE 1ﬁ%%ﬂt5ﬂ¥11”g%§\'bon
systens. One of skill in the art, having chosen a particul ar catal yst

precur sor wWORFH gk"‘ﬁ%‘w g ngRAiubs. ulrERGRANticYIsccRduE | oXifkR ulmFRg cul ar

functi onal Qaha;uk%n@ildyahmgm&ds@@meyr@ﬁlmemrﬁ@ from%dlnpafits@icial | east a
portion of the thermal transfer layer is thermally transferred to the

receptor, tRENPE%E Teehaplogiss RRPpralrs (B Bidsedl.) sk Metech (Blvergon, Pa.).

el ect r ol esslcyndepRSidhestve I@E@uﬂ zp;qorrmlﬁrelvaﬂor 8Fvakhifn ae@S@tra& eroarhy growt h
of the netallic materi al the c

i | | ust r at es SPHPLOS 3 %W ikl ‘Pa@ll‘gylaf‘{%rdlﬁhﬁ’@"%%ldm i"‘!:*f’?fa?"é’rarsa‘iPBMz
has been deposited on the transferred portion 234b of the thernal
transfdnﬂlaﬁmmnmbmnmmﬁmdmmmmﬁammhmmemOMmtmmmﬁmm&QCmmmhﬁmﬂahmhﬂea
catal yst precurs S $r4.5an

active cata aygltong 1e,’ft01i; Qfee Iayer ﬁlay i3 %an? Ff’?% e%:etdog?r qgl%q?rat tw115§ ls?ftgp For
exanpl e, t h@lepaxpterrsmefaberaé@epmsfcr) glat;fraudaesdm:dedicltaaacmhamem annrtihe after
electroless r ent

ferm "cl ect tlgqlpe?lgaléllg%ggt?%tepls I'E‘I%E‘eflllegl% ttﬂéjl%&ap rlogcglé%nﬂg r,%? fl em g}%

pl ati ng of nmtltab@dvaltagbwlt@mvl:ycwdu@ivv@sextdnehm®pmf bediore dieéaybr ol ess
pl ati ng sol t t al
Poget ner wi L and 8L a0 ScRS oBpfbdBb it O fhlecklIS i BBARUMIT' T o
is usually almlﬁe@nwblclsfi@crtmca‘scomeceiwme&m thc@mtplrmto(the Ieetalhamn*enaihs speci es
coor di nat ed gés‘?re&’rﬁa Fifatbrle %&Q%Q Gl Maye F LR b Rls§%Rude, but are
deposi ti on does not ude the app |ca ion o ectrical current to
a work p|ecéO$H®PdFBC%@P%@CQ@h@@ﬁmd@N@@ﬂWheNVMGﬁnhpmﬂ¢ﬁﬁ§ﬁer | ayer

i ncl udi ng t B&,a6ALRL Y R GRLae hier bIRE PR tefo AL B Lihgmukhe
donor elenentagﬁéthe feceptbrasd% %%el ﬁ%lﬁéggéﬁgﬁéc%%%%nlﬁngg% ed
in an appr op#tdlatteSyshacprsgugian ﬁouldl"lﬁﬁead(‘;‘%[ttw%|lltfahmaéﬁg ag) articdsy in giich

activated VvelsHonin®iadd Be®RbAhY hivsABdnd thedhetdllidmbtBS G486l Efmples
catal yst precursor) catalyzes the deposition of the deposit netal

from the pl &f mpgriadohdicabs indyded in slpyar s s ﬁl!sathlwkg it ere dedinitsg tq he
continued r g@gdie@RIyaferst Ne sol ution netal source, catalyzed by its
own ret al surface hence the term "autocatalytic.” |In another
enbodi t, rol ess de S|t|on can involye. dis Iacenen

Foncti 0B GRS R e ey B et e atted SALP 0 a
S(ﬁl ut i OP of um?etsarlﬁds}at,ﬁlsataﬁ‘astaoﬁeaﬂtﬁtdlm@tsaﬂm mr,idml faRfF fak @l matidchals on
the surface, of t i rst. a t ane ont aneo
depost 11 o' ves Ha et o lep Bporitt pidls ety bl e cpridctol sl eko

functions ase tultlerstoedlthed, xded0ia Béme @itddinEnR) 190 of AbRIdise@tetlfeRNiRiHE, when
the term"catalytic material” is utilized. [94] Metallic materials

CSS
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thermal transfer |ayer 304. This exenplary thermal transfer |ayer 304
generally includes the catalytic material. The arrows 350 in FIG 3a
schemat i caVPPO! ¢ rate the energy that transfers at IFEASES23(88083 on
of the thermal transfer layer 304 to the receptor 310. As seen in
FIG 3b, after exposure of the donor elenent 300 to the energy, there
is a transferred portion 304b of the thermal transfer |ayer on the
receptor 310 and a renai ning portion 304a of the thermal transfer

| ayer 304 omixdddogdthmoturiag pyaitsfen preotiBO@ise qon@ined or jepdiegs Inraay ease.tthpse layars.cl e
after the Lk I

portion SOZEHIC?)O%J A ﬁeﬁf%grdr}%}ne?r%@rll‘sj?le%%gg?eatrs%{a ‘%J]ah%ﬁ&est \fg??%ugfegggﬂ)s

i nvol ved i nemb@dm;@lg thatingipdas Flmfﬂldmwelp@;rpp@e;nssgéwemltlmynaﬁﬁ@dbefrﬂm ed out
in any orde

i 121 mg RSy G pley Y BEEA 3 oA ARRERN Mokl A0 DRPART, hifos
portion of dumsthakpPeimene layd st inpledes desndhesivh ay well astiheaiaive mlaeyér(and

havi ng a Cabg’hyglﬁlgnﬁ%@ﬁé@{hm ARR pRR&R). fically an active catalyst, is

transferred (step 05) to a receptor Then, the transferred portion
of the therna nsf er yer osed to el ectroless (step
920) "t 0" Blop Lt et anoFCom R L SO Rl ARG T B SHPBEPICE . o

t he thernal eIefn@ﬂitSfZ@[ncluaééed’d,ondrhﬁﬁs&w1222’ & gelrhv) trak fer lalybrCIR €, alﬂamsdngclades

patterned lic materi.al 4 also illustrates an 0 te
530" of " curi AGEH &S RuFeTion (e it 26 Sopted R 1 GRS SHRGH R and
transfer | ayerherrhil@ra6yiériloRal24C The NOHC 1t 196 cantdiny Dddibthvarab®lrbet thanst er

| ayer onthere or. [99] FIG il]ustrat ot her e

o1 hod gene PRy IR sy o seteosiay o cpivaisiop oL e AR ey SHPERATRY ary
met hod denpisilsdh e tiafuerpf adesstal portiodof thh ehethoud @insér BRINLA bya re@pior Nng a
donor stock flt| mV\,}th a catal yst precursor (step 400) to create a
donor el emeﬁ W a catal yst precursor. In one enbodi nent, a donor
stock film can |ncI ude a donor substrate, a LTHC |l ayer, and an

i nter| ayllr . Imdiatmnioduced bermt tringfer hel-RGCHlaver Barcawnjs thapnergupibe lightn
Lhen ei ther JaaY@ ddhiFa il Bl SBEELHIOIN ahiOMEide dn bit diSafiRhel Khe

step 410; or can have at | east portion hermal transfer

| ayer transfayeriagudesa tﬂd@ﬂ@le@e@b@rﬂlat gsarps melgent nq‘dlaﬁlﬁle(eegatlwry@t) and
precursor i %OlIVblrtSS'att le%Q@\fJ@ﬁﬁ)E o5 thé h@idérn ﬁdmbn InfAle& Enaﬁ@@raﬁﬂ&%f ﬁh@
transferred t he receptor, step 405; or alternatively, If

thermal tr aﬁ@fr@aﬂ trp{is fay gefeon ﬁhaﬁ@méﬁlrﬂ@@“ 19 the recepfaidn éfanfaw@mm‘édhcrrgor
can then be;cRnysthedri@ Ia%} a0, lihs¥eRd GRL 3di¥Rn abshiRPis AkBoscintaAthe &Y r

t he next steg is to electfolessly plate the netallic naterial, step
420, to cre&t ®e denonplemetaushastlisglonor suisirale Ahe themal irpnsferlay&rnglher [ 100]
FIG 6 il ughbddifentRIBRI cRMETIAAIIYs SR IBGH andPdlsAindRich adidonat

i ncl udes an optional step. of etching 440 to nore fully exposed t
catal ytic rréﬂdé’F‘P‘é?bSE’rB"'r{Sﬁéls%qs%‘fll"%? @é%or?)P%ﬁ“? BT daypi Of Bk do@’l%le'ﬁ?mss k| |

in the art, &aRseaSkhiplel@clond st Sete lernhs® aadsfor RyRaihtyet Alkrt he
particul ar po|yneric binder how the catal ytic _naterial can be

exposed. [ 16‘1‘]’0%@%1‘11‘3§R‘qu Flemantdngs ngt ’f“‘b\ﬁl‘-’i 0 Lhhielpeer awadlamﬁﬂwgber ead
this specif fibthé MBsmal BatsfefRYerQd trdnbrréd 8PS aGbfab SRAGntiRAt Fnfdts titb-dBnorand
in other portions of this specification can be conbined in any

appl i cabl e G¥@EM to carry out a method as disclosed herein. 11021

Al so disclosed herein are articles that are fornmed using the nethods
descri bt he‘mbany,tnetaidmh@sabtdrmr nctaelL’ﬁHCﬂ@br(locahadhyas) xbgorbhleghdmshﬁ osed
rz;gfdtshgfn:rfrgreg%v\}sgﬁl\el, dmﬁ) gv'ilefg %) 011% OP 1 Qrthe, F]F%ﬁognggqe iC s? re&?‘ r%LI‘he Ia 1a
patterned pebsbibenis t}(picaﬁ}hlﬂglﬂh d}’bﬂlﬁ!hvd crfalnesf:lected impeing mdmeme drowiding d'n he
gstef‘;: : ¢ . gg’toﬁt:c'ggcleﬁ at t%e w%\he?en to?h rﬁaol %&@%P u%?ﬁang &’or Q[Etr 3;10 "i‘us the
| ayer and the netall | c materl al s i .e., the overall features can be

-13-



11041 Exenplary articles that arc described and forned herein can

advant ageouaéi{ have the receptor, the portion of the thermal transfer
| ayer, the"RSPYON3% material, or some combination ther d6/4PEIEMERS% o

that thermal expansion properties of the overall article are simlar.
It will also be understood by one of skill in the art that once an
article has been formed using a nethod as di scl osed herein, further
processing steps can be carried out on that article w thout deviating
from the scopecrfodingntign §8[ted Fuablerdipsmalsobipmatigalsrap Hskde, daner al

concepts of LhgPURIENE  Hiise bR Wigavidlet B RGnfrSXLIRE AupredONAyeschBMEN S,
thermal transfer nethods, and devices nade by thermal transfer
met hods wi | Fedirgion-pelatrangdvey ausmeptsomatala, mRiH GPMRIUBEY MEta] s chof ether

substrate, LifitieclsyaSing @ﬂ&iahsnmeﬂf@ex%fauitmramamb&gbér@cah henfaekdroom ng
manner. An LTHC sol ution (Table was coated onto a pol yet hyl ene

t er epht hal ablch pet ofidesand mptal swfigs ni |, DuPont Teijin Fil ms,
Hopewel | VA). The LTHC solution was applied with a | aboratory
M Cr ogr3eur ©ne eahple df aRGiableCAGCUMYr caidsdiide 2@idaicnt, Kahagawmn bikapand a t o

achieve a dry .t hickness of. approxi ely. } crons. .The, coati ng was
Y e dr S iR arg PP ARORS sl ain BT e o
coat i ng had nanl/optl edde foarrd bt ythof filmpfor eemphef Bhok alunfifuriien a peddlyr ed
usi ng incident. |jght. havin vel engt h_of .nm. An.lnter| ayer
sol uti on- ( TabPEA it bt SRR Ryt ein M ROy B
ach: eve 3 gjmgybhfoukﬂﬁg&de@hiqa@psuloh(hme:ltagnplle, ﬂaumrmlgm?{aﬂ'dsraivegli_a;:)o:siﬁgnl.ms
in-line dri .and cur.ed under. ul travial.et r adi.ation, e 1.
Light "o Hedtiafl SRG S ool L« urnTiy SR S e R0 0
wt % Wei ght t®&mdues. non-vol atil es Coments

[33] Radiation absorber material can be uniformly disposed throughout the LTHC layer or can
be non-homogeneously distributed. For example, as described in U.S. Patent No.
6,228,555, the disclosure of which is incorporated herein by reference thereto, non-
homogeneous LTHC layers can be used to control temperature profiles in donor elements.
This can give rise to donor elements that have higher transfer sensitivities (e.g,, better

fidelity between the intended transfer patterns and actual transfer patterns).

[S4] Dyes suitable for use as radiation absorbers in an LTHC layer may be present in
particulate form, dissolved in a binder material, or at least partially dispersed in a binder

material

[55] When dispersed particulate radiation absorbers are used, the particle size can be, at least in
some instances, about 10 pm or less, and may be about 1 um or less. Suitable dyes include
those dyes that absorb in the IR region of the spectrum. Examples of such dyes may be
found in Matsuoka, M., "Infrared Absorbing Materials", Plenum Press, New York, 1990;
Matsuoka, M., Absorption Spectra of Dyes for Diode Lasers, Bunshin Publishing Co.,
Tokyo, 1990, U.S. Pat. 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; Europecan Patent Nos. 321,923 and
568,993; and Beilo, K. A, et al., . Chem. Soc., Chem. Commun., 1993, 452-454 (1993),
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Raven 760 Col unbi an Chenmicals Co. 56 3.. 1296 carbon black IR

absor ber

Butvar B- 98 Solutia 0.64 2.31 polyvinyl butyral resin

Joncryl 67W9GAREIHPol yner 1. 90 6.91 PCT/US2008/063052

[56)

{57]

[58]

[59]

all of which are herein incorporated by reference. IR absorbers marketed by Glendale
Protective Technologies, Inc., 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 compatibility with, a specific binder and/or coating solvent, as well as

the wavelength range of absorption.

Pigmentary materials may also be used in the LTHC layer as radiation absorbers.
Examples of suitable pigments include carbon black and graphite, as well as
phthalocyanines, nickel dithiolenes, and other pigments described in U.S. Pat. Nos.
5,166,024 and 5,351,617, incorporated herein by reference. Additionally, biack azo
pigments based on copper or chromium complexes of, for example, pyrazolone yellow,
diantsidine red, and nickel azo yellow can be useful. Inorganic pigments can also be used,
including, for example, oxides and sulfides of metals such as aluminum, bismuth, tin,
indium, zinc, titanium, chromium, molybdenum, tungsten, cobalt, iridium, nickel,
pailadium, platinum, copper, silver, gold, zirconium, iron, lead, and tellurium. Metal
borides, carbides, nitrides, carbonitrides, bronze-structured oxides, and oxides structurally

related to the bronze family (e.g., WOz9) may also be used.

Metal radiation absorbers may be used, either in the form of particles, as described for
instance in U.S. Pat. No. 4,252,671, incorporated herein by reference, or as films, as
disclosed in U.S. Pat. No. 5,256,506, incorporated herein by reference. Suitable metals

include, for example, aluminum, bismuth, tin, indium, tellurium and zinc.

As indicated, a particulate radiation absorber may be disposed in a binder. The weight
percent of the radiation absorber in the coating, excluding the solvent in the calculation of
weight percent, is generally from 1 wt-% to 30 wt-%, in an embodiment from 3 wt-% to

20 wt-%, and in another embodiment from 5 wi-% 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 (c.g., novolak and resole resins), polyvinyl butyral resins,
polyvinyl acetates, polyvinyl acetals, polyvinylidene chlorides, polyacrylates, cellulosic
cthers and esters, nitrocelluloses, and polycarbeonates. Suitable binders may include

monomers, oligomers, or polymers that have been or can be polymerized or crosslinked.
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nodi fied styrene acrylic polynmer Disperbyk 161 Byk-Chem e USA 0. 32

1.17 dispersant Ebecryl 629 UCB Chem cals 12.09 43.95 elpox novol ac
acryl ate dVPHEPRAeh” TMPTA (trinethyl ol propane triacr Tﬁ%gosgpﬁgsz
HEMA (2- hydroxy ethyl nethacrylate) Elvacite 2669 Lucite

I nt er nati onal

In some embodiments, the binder is primarily formed using a coating of crosslinkable
monomers and/or oligomers with optional polymer. When a polymer is used in the binder,
the binder includes 1 to 50 wt-%, in an embodiment, 10 to 45 wt-%, polymer (excluding

the solvent when calculating wt-%).

[60] Upon coating on the donor substrate, the monomers, oligomers, and polymers may be
crosslinked to form the LTHC. In some instances, if crosslinking of the LTHC layer is too
low, the LTHC layer may be damaged by the heat and/or permit the transfer of a portion
of the LTHC layer to the receptor with the transfer layer.

[61] The inclusion of a thermoplastic resin (e.g., polymer) may improve, in at least some
instances, the performance (e.g., transfer properties and/or coatability) of the LTHC layer.
It is thought that a thermoplastic resin may improve the adhesion of the LTHC layer to the
donor substrate. In one embodiment, the binder includes 25 10 50 wt-% (excluding the
solvent when calculating weight percent) thermoplastic resin, and, in one embodiment, 30
to 45 wt-% thermoplastic resin, although lower amounts of thermoplastic resin may be
used (e.g., 1 to 15 wt-%). The thermoplastic resin is typically chosen to be compatible
(i.e., form a one-phase combination) with the other materials of the binder. A solubility
parameter can be used to indicate compatibility, as is known to one of skill in the art. In at
lcast sorne cmbodiments, a thermoplastic resin that has a solubility parameter in the range
of 9to 13 (cal/cm3 )”2, in one embodiment, 9.5 to 12 (cal/cm3 )”2, is chosen for the binder.
Examples of suitable thermoplastic resins include polyacrylics, styrene-acrylic polymers

and resins, and polyvinyl butyral.

[62] Conventional coating aids, such as surfactants and dispersing agents, may be added to
facilitate the coating process. The LTHC layer may be coated onto the donor substrate
using a variety of coating methods known in the art. A polymeric or organic LTHC layer
is coated, in at least some instances, to a thickness of 0.05 um to 20 um, in one
embodiment, 0.5 pm to 10 um, and, in one embodiment, 1 pm to 7 pm. An inorganic
LTHC layer is coated, in at least some instances, to a thickness in the range of 0.001 to 10

pm, and in one embodiment, 0.002 to 1um.

[63] Another example of a donor element 130 is illustrated in FIG. 1¢, and includes a donor

substrate 132, an LTHC layer 136, an interlayer 138, and a thermal transfer layer 134.
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The interlayer 138 is generally disposed between the LTHC layer 136 and the thermal
transfer layer 134 in donor elements in order to minimize darage and contamination of
the transferred portion of the thermal transfer layer and may also reduce distortion in the
transferred portion of the thermal transfer layer. The interlayer 138 may also influence the
adhesion of the thermal transfer layer to the rest of the donor element. Typically, the
interlayer 138 has high thermal resistance. In one embodiment, the interlayer 138 docs not
distort or chemically decompose under the imaging conditions, particularly to an extent
that renders the transferred image non-functional. The interlayer 138 typically remains in
contact with the LTHC layer 136 during the transfer process and is not substantially

transferred with the thermal transfer layer 134.

[64] Suitable interlayers 138 include, but are not limited to, polymer films, metal layers (e.g.,
vapor deposited metal layers), inorganic layers (e.g., sol-gel deposited layers and vapor
deposited layers of inorganic oxides (e.g., silica, titania, and other metal oxides)), and
organic/inorganic composite layers. Organic materials suitable as interlayer materials
include, but are not limited to, both thermoset and thermoplastic materials. Suitable
thermoset materials include, but are not limited to, resins that may be crosslinked by heat,
radiation, or chemical treatment including, but not limited to, crosslinked or crosslinkable
polyacrylates, polymethacrylates, polyesters, epoxies, and polyurethanes. The thermoset
materials may be coated onto the LTHC layer 136 as, for example, thermoplastic

precursors and subsequently crosslinked to form a crosslinked interlayer.

[65] Suitable thermoplastic materials include, for example, polyacrylates, 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 interlayer is
about 25° C or greater, in one embodiment 50° C or greater, in one embodiment 100° C or
greater, and, in another cmbodiment, 150° C or greater. The interlayer may be cither
transmissive, absorbing, reflective, or some combination thereof, at the imaging radiation

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

spuitering, vacuum evaporation, or plasma jet deposition).

The interlayer may provide a number of benefits. The interlayer may be a barrier against
the transfer of material from the light-to-heat conversion layer. It may also modulate the
temperature attained in the transfer layer so that thermally unstable materials can be

transferred. The presence of an interlayer may also result in improved plastic memory in

the transferred material.

The interlayer may contain additives, including, for example, photoinitiators, surfactants,
pigments, plasticizers, and coating aids. The thickness of the interlayer may depend on
factors such as, for example, the material of the interlayer, the material of the LTHC layer,
the material of the transfer layer, the wavelength of the imaging radiation, and the duration
of exposure of the thermal transfer element to imaging radiation. For polymer interlayers,
the thickness of the interlayer typically is in the range of 0.05 pm to 10 um, in an
embodiment, from about 0.1 pm to 4 pm, in an embodiment, 0.5 to 3 pm, and, in an
embodiment, 0.8 to 2 um. For inorganic interlayers (c.g., metal or metal compound
interlayers), the thickness of the interlayer typically is in the range of 0.005 um to 10 pm,
in an embodiment, from about 0.01 pm to 3 um, and, in an embodiment, from about 0.02

to 1 pm.

Another suitable donor element 140, illustrated in FIG, 1d includes a donor substrate 142,
an LTHC layer 1406, a thermal transfer layer 144, an interlayer 148, an optional primer

layer 143, and an optional release layer 145,

Donor elements can include an optional release layer 145. The optional release layer 145
typically facilitates release of the thermal transfer layer 144 from the rest of the donor
clement (c.g., the interlayer and/or the LTHC layer) upon heating of the donor clement, for
example, by a light-emitting source or a heating element, In at least some cases, the
release layer provides some adhesion of the thermal transfer layer to the rest of the donor

element prior to exposure to heat. Suitable release layers include, but are not limited to,
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conducting and non-conducting thermoplastic polymers, conducting and non-conducting
filled polymers, and/or conducting and non-conducting dispersions. Examples of suitable
polymers include acrylic polymers, polyanilines, polythiophenes,
poly(phenylenevinylenes), polyacetylenes, and other conductive organic materials known
to those of skill in the art. Examples of suitable conductive dispersions include inks
containing carbon black, graphite, ultrafine particulate indium tin oxide, ultrafine
antimony tin oxide, and commercially available materials from companies such as
Nanophase Technologies Corporation (Burr Ridge, 111.) and Metech (Elverson, Pa.). Other
suitable materials for the release layer include sublimable insuiating materials and
sublimable semiconducting materials (such as phthalocyanines), including, for example,

the materials described in U.S. Pat. No. 5,747,217, incorporated herein by reference.

The optional release layer 145 may be part of the thermal transfer layer or may be a
separate layer. All or a portion of the release layer may be transferred with the thermal
transfer layer. Alternatively, most or substantially all of the release layer can remain with
the donor substrate when the thermal transfer layer is transferred. In some instances, for
example with a release layer that includes a sublimabie material, a portion of the release

layer may be dissipated during the transfer process.

Typically, the materials used to form the donor substrate 142 and the LTHC layer 146 are
selected to improve adhesion between the LTHC layer 146 and the donor substrate 142,
An optional priming layer 143 can be used to increase uniformity during the coating of
subsequent layers and also increase the interlayer bonding strength between the LTHC
layer 146 and the donor substrate 142. One example of a suitable substrate with an

optional primer layer is available from Teijin Ltd. (Product No. HPE100, Osaka, Japan).

Materials can be coated onto donor substrates to form the thermal transfer layers of the
donor elements. The thermal transfer layer materials can then be patterned via selective
thermal transfer from the donor to a receptor. Coating onto a donor followed by patterning
via selective transfer represents a de-coupling of layer coating steps from patterning steps.
An advantage of de-coupling coating and patterning steps is that materials can be
patterned on top of or next to other materials that would be difficult to pattern, if possible

at all, using conventional patterning processes. For example, in methods as described
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herein, a solvent-coated layer can be patterned on top of 2 solvent-susceptible material that
would be dissolved, attacked, penetrated, and/or rendered inoperable for its intended
purpose in the presence of the solvent had the solvent-coated layer been coated directly on

the solvent-susceptible material,

[74] A thermal transfer layer of a donor element can be made by solvent-coating 2 first material
on the donor, suitably drying the coating, and then depositing a second layer that includes
material that may be susceptible to the solvent used to coat the first material. Damage to
the second layer can be minimized or eliminated by evaporation, or otherwise removal, of
much or most of the solvent before coating of the sccond layer. Upon thermal transfer of
this multicomponent thermal transfer layer from the donor clement to a receptor, the
second layer becomes posttioned between the receptor and the solvent-coated first
material. Thermal transfer of multiple layer units results in a reverse ordering of the
transferred layers on the receptor relative to the ordering on the donor element. Because of
this, solvent-susceptible layers can be patterned underneath solvent-coated layers. In
addition, the layers need not be transferred together as a multiple layer unit. The solvent-
susceptible material(s) can be patterned by any suitable method, including thermal transfer
from a donor element, followed by another thermal transfer step using another donor to
transfer the solvent-coated material(s). The same holds for patterned thermal transfer of
solvent-coated materials next to, but not necessarily in contact with, materials or layers on

a receptor that may be incompatible with the solvent.

[75] An exemplary method is illustrated in FIGs. 2a-2c. FIG. 2a illustrates the step of placing
a donor element 230, discussed above, proximate the surface of a receptor 200. This
illustrative donor element 230 includes a donor substrate 232, and a thermal transfer layer
234, which is made up of a release layer 235, a catalytic layer 237 (a layer that includes
the catalytic material), and a polymer layer 233 (a layer that includes a polymeric binder
material). In some embodiments, the catalytic layer 237 and the polymer layer 233 can be
onc homogencous iayer. In an embodiment, the donor element is brought into contact
with the receptor surface. The donor element and receptor are configured so that the
thermal transfer layer of the donor element is placed proximate the surface of the receptor.
In at least some embodiments, pressure or vacuum can be used to hold the donor element

in intimate contact with the receptor surface.
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The receptor to which the donor element can be transferred can include any material
which the thermal transfer layer can adhere to or can be made to adhere to. The particular
receptor that will be utilized can depend at least in part on the article that is being
fabricated using a method disclosed herein. Examples of receptors include, but are not
limited to any useful material, such as a polymer film, glass, or metal. One suitable type of
polymer film is a polyester film, for example, PET or PEN films. In one cmbodiment,
glass is the receptor. In another embodiment, the receptor comprises glass or polymer as a
support for electrical or electronic circuitry such as a flat panel display backplane, or
clements thereof. Exemplary receptors that can be utilized can be conditioned or treated
prior to thermal transfer of the thermal transfer layer. The conditioning could include
cleaning treatments such as exposure to a plasma or a reactive chemical such as ozone or
an organic peroxide. The treatment could also optionally include chemical surface

modification with, for example, 2 silane coupling agent or a surfactant.

In methods disclosed herein, after the donor element is placed proximate the receptor, at
least a portion of the thermal transfer layer of the donor element is thermally transferred to
the receptor. The arrows 250 in FIG. 2a schematically illustrate the application of thermal
energy, which transfers at least a portion of the donor element 230 to the receptor 200.
The energy, which is applied to at least a portion of the donor element 230, functions to

transfer the portion of the thermal transfer layer 234 which is exposed to the energy.,

For thermal transfer using radiation (e.g., light), a variety of radiation-emitting sources can
be used in the disclosed methods. In one embodiment, the transfer is accomplished with a
laser. 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 uitraviolet lasers can be particularly useful. Suitable lasers include, for
example, high power (e.g. > 100 mW) single mode laser diodes, fiber-coupled laser
diodes, and diode-pumped solid state lasers (e.g., Nd:YAG and Nd:YLF). Laser exposure
dwell times can be in the range from, for example, about 0.1 to 100 microseconds and

laser fluxes can be in the range from, for example, about 0.01 to about 1 J/cm®.

When high spot placement accuracy is disclosed (e.g. for high information full color

display applications) over a large area, a laser can be particularly useful as the radiation
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source. Laser sources are compatible with both large rigid substrates suchas Imx I mx 1

mm glass, and continuous or sheeted film substrates, such as 100 um polyimide sheets,

[80] Resistive thermal print heads or arrays may be used, for example, with simplified donor
element constructions that do not inclhude an LTHC layer and radiation absorber. This may
be particularly useful with smaller substrate sizes (e.g., less than approximately 30 cm in
any dimension) or for larger patterns, such as those required for alphanumeric segmented

displays.

[81] A radiation source can generally be used to heat the LTHC layer (and/or other layer(s)
containing radiation absorber) in an imagewise fashion (e.g., digitally or by analog
exposure through a mask) to perform imagewise transfer of the thermal transfer layer from

the donor element to the receptor according to a pattern.

[82] Alternatively, a heating element, such as a resistive heating element, may be used to
transfer the thermal transfer layer. The donor element can be selectively contacted with the
heating element to cause thermal transfer of a portion of the thermal transfer layer
according to a pattern. In another embodiment, the donor element may include a layer that

can convert an electrical current applied to the layer into heat.

[83] Typically, the thermal transfer laycr is transferred to the receptor without transferring any
of the other layers of the donor element, such as the optional interlayer and the LTHC
layer. 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
thermal transfer layer. In one embodiment, under imaging conditions, the adhesion of the
interlayer to the LTHC layer is greater than the adhesion of the interlayer to the thermal
transfer layer. In some instances, a reflective or an absorptive interlayer can be used to
attenuate the level of imaging radiation transmitted through the interlayer and reduce any
damage to the transferred portion of the thermal transfer layer that may result from
interaction of the transmitted radiation with the thermal transfer layer and/or the receptor.
This can be particularly beneficial in reducing thermal damage which may occur when the

receptor is highly absorptive of the imaging radiation.
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from one or more donor elements. A donor element can be heated by application of
directed heat on a selected portion of the donor element. Heat can be generated using a
heating clement (c.g., a resistive heating clement), converting radiation (¢.g., a beam of
light) to heat, and/or applying an electrical current to a layer of the donor element to
generate heat. In many instances, thermal transfer using light from, for example, 2 lamp or
laser, can be advantageous because of the accuracy and precision that can often be
achieved. 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 donor element,

and the materials of the donor element.

[86] Thermal transfer using light can often provide better accuracy and quality control for very
small devices, such as small optical and clectronic devices, including, for cxample,
transistors and other components of integrated circuits, as well as components for use in a
display, such as electroluminescent lamps and control circuitry. Moreover, thermal
transfer using light may, at least in some instances, provide for better registration when
forming multiple devices over an area that is large compared to the device size. As an
example, components of a display, which has many pixels, can be formed using this

method.

[87] In some instances, multiple donor elements may be used to form a device or other object,
or to form adjacent devices, other objects, or portions thereof . The multiple donor
elements may include donor elements with multicomponent thermal transfer units and
donor elements that transfer 2 single thermal transfer layer. For example, a device or other

object may be formed using one or more donor elements with multicomponent thermal
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Sart Oma{88] Thermal transfer of one or more layers to form a device or an array of devices can also be
useful, for example, to reduce or eliminate wet processing steps of processes such as
photolithographic patterning, which are used to form many electronic and optical devices.
Thermal transfer to pattern layers from donor elements can also be useful to de-couple
layer coating steps from patterning steps, for example where such coupling can limit the
types of layered structures, or the types of adjacent structures, that can be patterned. In
conventional patteming processes such as photolithography, ink-jet, screen printing, and
various mask-based techniques, layers are typically coated directly onto the substrate on
which patterning occurs. Patterning can take place simultancously with coating (as for ink-
jet, screen printing, and some mask-based processes) or subsequent to coating via etching
or another removal technique. A difficulty with such conventional approaches is that
solvents used to coat materials, and/or etching processes used to pattern materials, can
damage, dissolve, penetrate, and/or render inoperable previously coated or patterned layers

or materials.

[89] FIG. 2b shows the donor element 230 and the receptor 200 after the donor element 230 has
becn exposed to energy. As illustrated in FIG. 2b, the portion of the donor clement 230
that was exposed to the thermal energy is transferred to the receptor, i.e., the transferred
portion 234b of the thermal transfer layer. The portion of the donor element 230 which
was not exposed to the thermal energy maintains the thermal transfer layer on the donor

substrate 232, i.e., the remaining portion 234a of the thermal transfer layer.

[90] Inan embodiment that includes a catalyst precursor, the catalyst precursor can be
converted to an active catalyst before, during, or after at least a portion of the thermal
transfer layer is transferred to the receptor. Depending on the type of catalyst precursor,
the activating condition can be carried out before, during or after the thermal transfer step.
In an embodiment, where the catalyst precursor is thermally converted into an active
catalyst, the activating condition can occur during the thermal transfer of the thermal
transfer layer. Alternatively, in an embodiment that includes a thermally activatable

catalyst precursor, the catalyst precursor can be activated before or after the thermal
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transfer of the thermal transfer layer. For example, the catalyst precursor can be thermally

treated to form nanoparticles before or after the thermal transfer layer is transferred.

[91] Specifics of the thermal activation of the catalyst precursor would depend at least in part
on the particular precursor that was being utilized. One of skill in the art, given the
disclosure herein, would know how to activate particular catalyst precursors that could be
utilized. For example, depending on the particular catalyst precursor that is being utilized,
one of skill in the art would know the particular type and characteristics of activating
energy that should be utilized. For example, some catalyst precursors can be activated by
cnergy from a number of sources, including but not limited to, argon ion lasers, cxcimer
lasers, Nd:Y AG lasers, and synchrotron systems, One of skill in the art, having chosen a
particular catalyst precursor would know the type of energy source, and the particular

functional details of using that energy source.

[92] After at least a portion of the thermal transfer layer is thermally transferred to the receptor,
the next step in methods disclosed herein is to electrolessly deposit a metallic material on
the receptor by growth of the metallic material on the catalytic material. Fig. 2c¢ illustrates
this exemplary article after the metallic material 242 has been deposited on the transferred
portion 234D of the thermal transfer layer. In embodiments where the catalytic material is
a catalyst precursor, the catalyst precursor can be converted to an active catalyst before or
during the electroless deposition step. For example, the patterned receptor surface could

be placed in an electroless deposition bath that includes a reducing agent.

[93] The term "clectroless deposition” refers to a process for the clectroless plating of metals.
It typically involves the use of an electroless plating solution that contains a soluble form
of the deposit metal together with a reducing agent. The soluble form of the deposit metal
is usually an jonic species or a metal complex (i.e., a metal species coordinated to one or
more ligands). Generally, electroless deposition does not include the application of
electrical current to a work piece that is being coated. Once the thermal transfer layer
including the catalytic material is thermally transferred from the donor element to the
receptor surface, the receptor can be immersed in an appropriate plating bath. The catalytic
material, or an activated version of the catalytic material (in the case of a catalyst

precursor) catalyzes the deposition of the deposit metal from the plating solution. Once
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33.90 metal is immersed in a solution of metal salts of a second metal with a partial attack on the
surface of the first metal and the simultaneous spontaneous deposition of the second metal
at its surface. The first metal functions as the reducing agent, and is also referred to

herein, when the term “catalytic material™ is utilized.

[94] Metallic materials that can be formed using electroless deposition include copper, nickel,
gold, silver, palladium, rhodium, ruthenium, tin, cobalt, as well as alloys of thesc mctals
with each other or with phosphorous or boron, as well as compounds of these metals with
each other or with phosphorous or boron. In another embodiment, zinc can be formed
using electroless plating via a displacement mechanism instead of a autocatalysis
mechanism. In one example, the metallic deposit metal includes copper, silver, gold,
platinum, palladium, or some combination thereof. The deposit metal and the catalytic

material can be the same or different.

[95] Inanembodiment where the catalytic material is a catalytic precursor that has to be
reduced in order to catalyze electroless deposition, such reduction can occur separate from
the catalytic growth of the deposit metal or coincident with the catalytic growth of the
metallic deposit. Processes where the catalytic material is reduced separate from the
catalytic growth may provide an advantage in that it can occur at a faster rate, allowing for
processing advantages. The catalytic material can be reduced by photo-reduction,
chemical reduction, heat reduction, or e-beam reduction. In an example where chemical
reduction is utilized, suitable reducing agents include, but are not limited to,

formaldehyde, hydrazine, borchydrides, aminoboranes, and hypophosphite.

[960] Methods that include optional rinse steps before or after the step of electrolessly
depositing the metallic deposit can also be utilized herein. One of skill in the art, having
read this specification would also be aware of other steps that could be utilized in

combination with the method steps disclosed herein.

[97] FIGs. 3a-3C depict another exemplary embodiment of a donor element 300 and a receptor

310. This exemplary donor element 300 includes at least a donor substrate 302 and a
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thermal transfer layer 304. This exemplary thermal transfer layer 304 generally includes
the catalytic material. The arrows 350 in FIG. 3a schematically illustrate the energy that
transfers at least a portion of the thermal transfer layer 304 to the receptor 310. As seen in
FIG. 3D, after exposure of the donor element 300 to the energy, there is a transferred
portion 304b of the thermal transfer layer on the receptor 310 and a remaining portion
304a of the thermal transfer laycr 304 on the donor substrate 302. FIG. 3c illustrates the
article after the metallic material 322 is deposited on the transferred portion 304b of the

thermal transfer layer.

The various steps involved in methods as discloscd herein can gencrally be carried out in
any order. FIG. 4 illustrates one exemplary method generally utilizing the steps disclosed
herein, As seen there, at least a portion of donor element that includes a thermal transfer
layer having a catalytic material, more specifically an active catalyst, is transferred (step
405) to areceptor. Then, the transferred portion of the thermal transfer layer is exposed to
electroless plating (step 420) to deposit the metallic material on the transferred portion of
the thermal transfer layer, thereby creating an article having a patterned metallic material.
FIG. 4 also illustrates an optional step 430 of curing a carrier polymer that is included in
the thermal transfer layer. The optional curing creates a cured thermal transfer layer on

the receptor.

FIG. 5 illustrates another exemplary method generally utilizing the steps disclosed herein.
This exemplary method demonstrates the production of the donor element by coating a
donor stock film with a catalyst precursor (step 400) to create a donor element with a
catalyst precursor. In one embodiment, a donor stock film can include a donor substrate, a
LTHC layer, and an interlayer. The donor element including the catalyst precursor can
then either have the catalyst precursor converted to the catalyst, step 410; or can have at
least a portion of the thermal transfer layer transferred to the receptor, step 405, If the
catalyst precursor is first converted, the thermal transfer can then be transferred to the
receptor, step 405; or alternatively, if the thermal transfer layer was transferred first, the
catalyst precursor can then be converted to an active catalyst; step 410. Either way, the
next step is to electrolessly plate the metallic material, step 420, to create an article having

a patterned metallic material.
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10. 17 1. 37 2-Butanone (NEK) 86. 56 100 100 The solution was

coat ed u5| yer Rod to give an approximtely dry thickness of
200nm The %&ﬁyf§ﬂg% then baked at 100 C for 10 mnute 9ﬁ$%FWWW$%ben

purged oven. PAU After the sanple was imged, as discussed bel ow, the
| maged sanpl e was baked at 200C for 20 minutes in a nitrogen purged
oven then cured using a Light Hamrer UV curing system from Fusion W
Systens _|nc. The sanple was exposed four tines to UV irradiation by

passagélwwdéﬁ3é‘B“H@Fbm@ﬂwT§G@@B@WﬁW°@Fmf@fFFPﬁ?%ﬂmmﬂﬂmkﬁﬁg@Hm§ﬁnple

was then Ar s@{a aﬁé’iauﬂofcﬂ@E&ﬂo@%ll%f@%s&ptﬁ@éateﬁﬁfc ratdHalBtIR dLr8xRpRand he
Pd nanoparti cl es. ﬁ%112 The sanple 4 donor el enent was prepared 1n

the fol | owi AYYHRENGBF Of Killigthsrarsag cpsily PF%‘%WF%M"Q‘“B’&)PW ernhe: and

Interlayer ?E&ﬁcﬂﬂ%ryhﬁﬁ@blﬂ&&‘ﬁ@w VR SaBI0R Bsteidl bdh 1R clbs&dlr abl e pol yner
bi nder (Table 7) containing palladiumacetate. The solution was

coat ed My appr,oxi e t hickness of
Soonm HIH"5R of LR ol ka0 RRT B S8Rl B85 SLERRERGgen
pur ged oven discussed in FIGs. 4-6, and in other portions of this specification can be combined in any

applicable order to carry out a method as disclosed herein.

[102] Also disclosed herein are articles that are formed using the methods described herein.
Articles that can be fabricated using the disclosed methods generally have patterned
portions of the thermal transfer layer that are covered with metallic materials. In an
embodiment, the patterned portions of the thermal transfer layer covered with the metallic
materials, i.e. the metallic coating, are referred to as the overall features. Generally, the
portions of the thermal transfer layer and the metallic materials, i.e., the overall features,
can be of any size. In an embodiment, the size of the overall features includes both the
height of the patterned thermal transfer layer and the height of the metallic materials.
Given this, the size of the overall features can be about 1 micrometer (um) or larger in
width, and about 20 nanometers (nm) or larger in height, In such an article, the size of the
patterned portions of the thermal transfer layer can be about 1 pm or larger in width and
about 20 nm or larger in height. Generally, the depth of the metallic materials on the
patterned portions of the thermal transfer layer is about 1 angstrom (A) or greater. One of
skill in the art will understand that a thicker layer of metallic material can be obtained by

plating the material for a longer period of time

[103] Exemplary articles described and formed herein can have grids of metallic material, and
such articles can be used for example, for electromagnetic interference (EMI) shielding.
Exemplary articles described and formed herein can have traces of metallic material, and
such articles can be used for example, for touch screens, for sensor applications, for
circuits, to make reflective indicia, or to create fluid flow devices (where the patterned
metallic deposits can be hydrophilic and the non-patterned portions are hydrophobic). An
exemplary article that could be formed using methods disclosed herein are flat panel

display backplanes including multiple display backplanes on a mother glass, which
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WD 2009/ 012026PCT/ US2008/ 068082 [113] Table 7. WV Curabl e Pol yner

Sol uti on w

IIa I um Acet ate Trade Nane Supplier W% sol ution W %

sol i ds EIJQ FW@ Lucite International 33.90 4.56 Sé??gﬁﬁwm§ﬁ§§ﬁHP
Sartomer 38. 14 5.13

[104]

includes copper or other conductive metal bus lines. Exemplary articles described and
formed herein can have repeating dots or islands of metallic material, and such articles can
be used for example, to create shielding effects. The articles include patterns of metallic
deposits that can be used to conduct an electric current.

Exemplary articles described and formed herein can have reflective or semitransparent
layers of mctallic material, and such articles can be used for cxample, in
microelectromechanical (MEMS) or microelectrooptical devices. Exemplary articles that

can be formed using methods disclosed herein include micromirror arrays.

Excmplary articles that arc described and formed herein can advantageously have the
receptor, the portion of the thermal transfer layer, the metallic material, or some
combination thereof matched so that thermal expansion properties of the overall article are
similar. It will also be understood by one of skill in the art that once an article has been
formed using a method as disclosed herein, further processing steps can be carried out on

that article without deviating from the scope of this disclosure,

Examples

[105)

[106]

With these general concepts of the present disclosure in mind, exemplary donor elements,
thermal transfer methods, and devices made by thermal transfer methods will now be

described.

A donor stock film (donor substrate, LTHC layer, and interlayer) was prepared in the
following manner. An LTHC solution (Table 1) was coated onto a polyethylene
terephthalate (PET) film (M7Q, 2.88 mil, DuPont Teijin Films, Hopewell VA), The
LTHC solution was applied with a laboratory microgravure coater (model CAG-150,
Yasui Seiki, Kanagawa, Japan) to achieve a dry thickness of approximately 2.7 microns.
The coating was in-line dried and cured under ultraviolet (UV) radiation. The cured
coating had an optical density of approximately 1.18 when measured using incident light
having a wavelength of 1064 nm. An Interlayer solution (Table 2) was coated using the
same method as the LTHC to achieve a dry thickness of approximately 1.8 microns. The

coating was in-line dried and cured under ultraviolet (UV) radiation.
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Sart omer

CNO75 Sart oner
Chemi cal s ‘%.0%09%.1%%6 Pd Acetate Al fa Aesar

12.71 1.71 Irgacure 369 Ci ba Specialty

10.17 1. 37 2-Butanon

Table 1. Light to Heat Conversion (LTHC) Layer Formulation

PCT/U SZOOB;%G?&'E%EK)

1 0,
Trade Name | Supplier wt % Weight A’ of Comments
non-volatiles
Columbian carbon black IR
Raven 760 Chemicals Co. 3.56 12.96 absorber
Butvar B- Solutia 0.64 531 pol_yvmyl butyral
98 resin
Joneryl 67 Johnson 1.90 6.91 modlﬁed styrene
Palymer acrylic polymer
Disperbyk | Byk-Chemie .
161 USA 0.32 1.17 dispersant
¢poxy novolac
acrylate diluted with
UCB TMPTA
Ebecryl 629 . 12.09 43.95 (trimethylolpropane
Chemicals .
triacrylate) and
HEMA (2-hydroxy
ethyl methacrylate)
Elvacite Lucite . .
2669 International 8.06 29.30 acrylic resin
Trgacure Ciba Specialty e
360 Chemicals 0.82 2.97 photoinitiator
Trgacure Ciba Specialty -
184 Chemicals 0.12 0.44 photoinitiator
2-butanone
(MEK) 4531
1-methoxy-
2-propanol 2719
acetate
(PMA)
Total 100.00 100.00
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Table 3. Sample List
Sample
D Catalyst Type | Receptor Comments
1 Pd thin film Argon plasma treated pl.ating obscrvcd,. but a(.ihcsion
glass failure observed in plating bath
. Argon plasma treated | UV curable carrier. Plating
2 Pd thin film PET film observed.
3 Pd NP Ar plasma treated UV curable binder . Partial
ITO plating observed.
4 Pd(OAc): Silane treated glass UV curable binder. Plating
observed.

The |4
was set to 1Q0"

[107] The sample 1 donor element was prepared in the following manner. A donor stock film

comprising both LTHC and IL as described above was vacuum coated with 100 A of

copper phthalocyanine (CuPC) using a standard thermal evaporation procedure in a

Balzers vacuum chamber at a background pressure of 10”7 Torr. The donor was then
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[117] After the sanples were inmaged, they were each separately

submer ged {8 A,GhEetrol ess plating bath (Table 8). Th
sol ution was prepared in the foll ow ng manner. Copper,

sodi um hydroxi de were dissolved in 1 L of distilled water.
For mal dehyde was added | ast and the plating solution was heated to 55
C. The sanples were subnerged for up to 20 m nutes and plating of

copper was

PP e O B RIS, 3-8 iy S 58 21 1

pent ahydr at @ysAdnf. aTIAEKIRC wag fllen Sesiousdl Pith aSitloMol 8k pbigstiesd T®TW 50K,

Scientific %gg'{sclfeng?s Il&,%?%igétglf Il’%ﬁ’p(ﬁ)%@tyé%-léo-rﬁlg{h)r{la rllgl%gf\gfga?é) (El?lfi\clf ol'ution

[108]

[109]

Milwaukee, W1} in toluene using a #3 Mayer rod in order to achieve a dry thickness of
approximately 200 nm. The donor was then baked at 100 °C for 10 minutes in a nitrogen

purged oven.

The sample 2 donor element was prepared in the following manner. A donor stock film
comprising both LTHC and IL as described above was vacuum coated with 100 A of
copper phthalocyanine (CuPC) using a standard thermal evaporation proccdure in 2
Balzers vacuum chamber at a background pressure of 10”7 Torr. The donor was then
coated with 10 A of palladium metal at a rate of 2 A /sec. The custom built e-beam
deposition system was made by Kurt Lesker, Inc. The CuPC was then overcoated with a
solution with a UV curable solution (Table 5) using a #3 Mayer rod in order to achieve a
dry thickness of approximately 200 nm. The donor was then baked at 100 °C for 10

minutes in a nitrogen purged oven.

Table 5. UV Curable Polymer Solution:

Trade Name Supplier rofi[:/gion g{;ﬁs
Elvacite 4026 Lucite International 37.74 4.62
Sartomer SR351HP | Sartomer 42.45 5.20
Sartomer CN975 Sartomer 14.15 1.73
Trgacure 369 gf;sicnga'fy 5.66 0.69
2-Butanone (MEK) 87.76
100 100

After the sample was imaged, as discussed below, the imaged sample was baked at 100 °C
for 10 minutes in a nitrogen purged oven then cured using a Light Hammer UV curing
system from Fusion UV Systems Inc. The sample was exposed four times to UV

irradiation by passage under a D bulb at 100% power at 20 ft/min.
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Al fa Aesar 10g/L [118] After sanmple 4 was exposed to the el ectrol ess
plating b , 1, GEograph of the sanple was taken. Th )

can be se?gaizﬂ@wgl [119] Wiile the disclosure has %ﬁﬁﬁzwrﬂ%&
particularly shown and described with reference to various

enbodi nents thereof, it will be understood by those skilled in the
art that various other changes in the formand details nmay be nade

t herein_w thout d ting fromthe spi.rit_and. scope of the

di scl oot bffqi%ﬂl’?#ﬁ%l?f et reiriearm e flpwisg e af PR g Am
substrat e arcemplisie) &HETHONR Tsdsldvkead desctila aBsve wak bédatedpphadinatealidhat
the present discl os(gr&,glg% be pr.act hctﬁgﬁmth' enbodi ments ot her than
those di scl QSR BT Hfalle 0} eoninaIBIR IR PRI ST esent ed for pur poses
of illustration and not limtation, and the present disclosure is
l'imited onl yably 61 B¢ CotabiePslymigagolitmn voty. Palladhat Numpatidesred is: 1. A
nmet hod of form ng—ametatttcnatertat—on—=a receptor—con st n]g t he
steps of: TRldasmg a dangppiel ement pr¢XYat e a Véf’é’eptor,
wherei n the donof_el enent conmprises a donor s&¥ditat e | s a ther mal
transfer layer, wagh@ichobde thersm mimansher |ayer comikgses @
catal yti c mat eri gls—and—wheretmn—the—therral—t+ranster—tayer—of{ t he
donor el enent is|prEE¥dE proxi MeLg,Ldhe surfacesgfisthe lg_qutor;
transferring at | &B3YHR portiagn of the thermal transfer layer| from

the donor el enent gt ENOES ENt@liomdpher ei n thgstyansfer -is carri ed
. A i

out using a | aser—and &%ﬂesct r_o]! esshyrdepestipg—a—+netal l i c
material on the 1gegRt.Ofkoby gn poficlyhe net glghi ¢ matggkal on the
catal ytic materi @l . 2. The met/kdemgdisording 10 claim1, wherejn the
catalytic materiabyig a catal yst, pragunsor. [357he meihod acicordi ng
to claim2 further—econprsing Sonvert] nlgyt hetcatalystprecursor to an
active catal ytic|adtuenpg 26,56

(MEK) ’

100 100

The solution was coated using a #3 Mayer Rod to give an approximately dry thickness of

200nm. The donor was then baked at 100 °C for 10 minutes in a nitrogen purged oven.

[111] After the sample was imaged, as discussed below, the imaged sample was baked at 200 °C
for 20 minutes in a nitrogen purged oven then cured using a Light Hammer UV curing
system from Fusion UV Systems Inc. The sample was exposed four times to UV
irradiation by passage under a D bulb at 100% power at 10 ft/min, The imaged sample

was then Ar plasma treated at 100W power for 1 minute to expose the Pd nanoparticles.

[112] The sample 4 donor element was prepared in the following manner. A donor stock film
comprising both LTHC and Interlayer and described above was coated with a UV curable
polymer binder (Table 7) containing palladium acetate. The solution was coated using a
#3 Mayer Rod to give an approximately dry thickness of 200nm. The donor was then

baked at 100 °C for 10 minutes in a nitrogen purged oven.

-13-



4. The method according to claim3, wherein the catalyst precursor is
converted time the thermal transfer |ayer

5. The ﬁb&B@@é%’?tang to clains 3, wherein the catal y&t S?@?S?@%r
i's converted before the thermal transfer layer is thermally
transferred. 6. The nethod according to claim1, wherein the thernmal
transfer layer further conprises a polyneric binder. 7. The nethod
accordi r e. donor el ement further conprlses a

| i ght - t@%]hg'&l{’:]e o@é"%ﬁ ﬁ’&?ﬁ#o r}r‘i’&%@é’aﬁﬂ&%ﬁrr he donor substrate
and the thermal transfer layer, and an interl ayer di sposed bet ween
the light-to- heat conversion lla and the theyppl tragséer |pyer.

8. The nethod ac¢ EF%FH@“‘FO cl ai %’Ppﬂler wherei n tlgudanor | gliggent | further
conpri ses a rel easetayer—disposed—between—the—intertayer—and t he
thermal transfer Eh’?@fe‘m@ T dupige Ingmatienelr di3Ag§0t o cl 45 6 fhrt her
conprising the stgp@f.-Crossliinking the polyreric binder. 10. The
net hod according gﬁfjﬁl}gﬂ m 9, wierana the step3didcrosshildking is
acconpl i shed aft ¢+—thethermal—transtertayer—is—selegtively
transferred from bhitomgsRdP7%| everemaro t he reg¢dpfor. 117LAn article

conprising, in the follow ng chql?arSpccialty

Irgacure 369 Chemicals 5.08 0.68

Pd Acetate Alfa Aesar 10.17 1.37

2-Butanone

(MEK) 86.56
100 100

[114] After the sample was imaged, as discussed below, the imaged sample was baked at 200 °C
for 20 minutes in a nitrogen purged oven then cured using a Light Hammer UV curing
system from Fusion UV Systems Inc. The sample was exposed four times to UV

irradiation by passage under a D bulb at 100% power at 10 ft/min.

[115] Sample number 1 was laminated onte a piece of 0.7 mm thick glass substrate that had been
surface treated with Argon plasma from Plasma Science. The Argon plasma treatment
was done at 100W power for 1 minute. Laser imaging was performed by exposing the
donor film in a laser imaging system based on a single-mode Nd:YAG laser with a power
of 1 watt at the filrn plane. The laser beam was scanned across the substrate using a
systemn of linear galvanometers, with the laser beam focused onto the image plane using an
f-theta scan lens as part of a near-telecentric configuration. The laser spot size, measured
at 1/¢* intensity was 18 x 250 microns, The beam was scanned unidirectionally with a
triangle dither pattern oscillating at a frequency of 400 KHz, Nominal linewidth was set

to 110 microns with a pitch of 165 microns.

[116] Sample numbers 2, 3, and 4 were laminated onto a piece of 0.7 mm thick glass substrate or
in case of sample 2, a piece of PET film that had been surface treated with Argon plasma

from Plasma Science. The Argon plasma treatment was done at 100W power for 1
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a receptor substrate; a patterned first layer, wherein the
first la | e of adhering to the receptor sub

a patter%gﬁoszgg@%afayer conpri si gg a catal yti (F:) mat er i aléﬁ%&ﬁ%{usgﬂsosz
el ectrol essly deposited netallic material, wherein the netallic
material has the same pattern as the patterned first layer and the
second patterned | ayer, wherein the patterned first |ayer and the
patterned second | ayer are thernalééx)transferred to the receptor

substrate f 8% I&B%&Paﬂce%r% royRigd Rogipgsiethe fongniya tegmesk pased

OII:li gi nal | %/ ﬁlﬁz([jd il%dsyﬁéhlbvﬁlﬁ aﬂ@@xﬁj@élﬁﬁ%g&iﬂB&llﬁ'ﬁdoﬁtuiuﬂust\ﬁﬂeﬁfod@rll'liemas%&g
they are found on ece substrate The article according
to claim11} lzwer'é#) 10f Ergrpss Orﬂavﬁkmewﬁlbwssé%wé%a%mtkam%%r
13. The artil63 sicesneording to claim 12, wherein the pol yneric binder
conprises a polyner that is capable of bei ng crosslinked or has been
crossli d [ a to C

incorrpa!? iaﬂ: IAﬂteIJTﬂ%?a GS% %erlg]tageid &éfw i ﬁ%o le? %"’f‘%eyd\é? b 618& ed on
solubility. pldﬂﬁg bdﬁ\(é"aupﬂj ClThe pl;;tmg)ludﬂl srmgltm)mwaﬂ memre]ldm thefidlowing nndneel

| ncorpat B! olpke ek Bend bl Be8he RO kGG 7F PRY bdtRg vaLe Dased on
one or nore C rrpoun sin St Ia er. 16.
The arti cl e Feumblehidagvas added alsmldﬂlefplmtlg]@ﬁutmmwperh@iedg) Nz °CeTbmmplleayer
posi ti oned i L. i rst oedL?
The articl egg;ccor g ' ng?lg C g? %‘inﬁ&é%ﬁ% r?wﬁg&% éﬁ’*‘%&d Lrgg?{celhaa(id
reflective @rasem - transparent 18. The arti cle according to claim 17,
wherein the article can be used as a mcromrror array.

Table 8: Electroless Plating Solution:

Trade Name Supplier Concentration
Copper sulfate
pentahydrate Alfa Aesar Sg/L
Sodium potassium Fisher
tartrate Scientific 25g/L
Sodium hydroxide EMD 7g/L

- - A 0
F01n!a1dchydc, 37% Alfa Acsar 10g/L
solution

[118] After sample 4 was exposed to the electroless plating bath, a micrograph of the sample

was taken. The micrograph can be seen in FIG, 7.

[119] While the disclosure has been particularly shown and described with reference to various
embodiments thereof, it will be understood by those skilled in the art that various other
changes in the form and details may be made therein without departing from the spirit and

scope of the disclosure.

[120] Thus, embodiments of a method of patterning a substrate arc disclosed. One skilled in the
art will appreciate that the present disclosure can be practiced with embodiments other
than those disclosed. The disclosed embodiments are presented for purposes of illustration

and not limitation, and the present disclosure is limited only by the claims that follow.
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What is claimed is:

1. A method of forming a metallic material on a receptor comprising the steps of;

placing a donor element proximate a receptor, wherein the donor element comprises a
donor substrate and a thermal transfer layer, wherein the thermal transfer layer comprises a
catalytic material, and wherein the thermal transfer layer of the donor element is placed proximate
the surface of the receptor;

transferring at least a portion of the thermal transfer layer from the donor element to the
receptor, wherein the transfer is carried out using a laser; and

electrolessly depositing a metallic material on the receptor by growth of the metallic

material on the catalytic material,
2. The method according to claim 1, wherein the catalylic material is a catalyst precursor.

3 The method according to claim 2 further comprising converting the catalyst precursor to

an active catalytic material.

4, The method according to claim 3, wherein the catalyst precursar is converted at the same

time the thermal transfer layer is transferred.

5. The method accarding to claims 3, wherein the catalyst precursor is converted before the

thermal transfer layer is thermally transferred.

6. The method according to claim 1, wherein the thermal transfer layer fuither comprises a

palymeric binder.
7. The method according ta claim 1, wherein the donor element further comprises a light-to-

heat conversion layer disposed between the donor substrate and the thermal transfer layer, and
an interlayer disposed between the light-to-heat conversion layer and the thermal transfer layer.

8. The method according to claim 7, wherein the donor element further comprises a release

layer disposed between the interlayer and the thermal transfer layer.

9. The method according to claim 6 further comprising the step of crosslinking the polymeric

binder.

-36-



10. The methed according to claim 9, wherein the step of crosslinking is accomplished after

the thermal transfer layer is selectively transferred from the donor element to the receptor.

11. An article comprising, in the following order:

a receptor substrate;

a patterned first layer, wherein the first layer is capable of adhering to the receptor
substrate;

a patterned second layer comprising a catalytic material; and an electrolessly deposited
metallic material, wherein the metallic material has the same pattern as the patterned first layer
and the second patterned layer, wherein the patterned first layer and the pattemed second layer
are thermally transferred to the receptor substrate from a donor element and would be
incompatible if originally formed on the receptor substrate in the arder in which they are found on

the receptor substrate.
12, The article accarding to claim 11, wherein the first [ayer comprises a polymeric binder.
13. The article according 1o claim 12, wherein the polymeric binder comprises a polymer that

is capable of being crosslinked or has been crosslinked.

14, The article according to claim 11, wherein the incompatibility of the first layer and the

second layer are based on solubility.

15. The article according to claim 14, wherein the incompatibility of the first layer and the
second layer are based on one or more compounds in the first layer and the second layer.,

16. The article according to claim 11 further comprising a release layer positioned between

the receptor substrate and the first layer.

17. The article according to claim 11, wherein the metallic material is reflective or semi-
transparent,
18. The arlicle according to claim 17, wherein the article can be used as a micromirror array.
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