e3e] bEZ<<=, ETbE THERMAL TRANSFER ELEMENT FOR FORM NG MULTI LAYER

DEVI CES Field Elmmw”,wmm LI on This invention relates to thernal tran§f4eJUN 2003
el enents and m nsferring layers to formdevices on a recepto

I n particular, thecbmyention relates to a thermal 2 4 JUN 2003 transfer

el ement having a multiconponent transfer unit and nethods of using the
thermal transfer elenent for formng a device) such as an optical or

el ectronic device, on a receptor. .J Background of the |Invention Many

m niature electronic and optical devices are formed using |ayers of

differ stacked ch ofher. The I are often patterned
to proﬁmmmﬂwmwmlwsces MMMe optical displays
in which eagfisepi xel is fOWF'dkﬁﬂN@WﬂFﬂJ k &'Egal wavegui de
structures for tel ecomrunrcat‘r‘on—d'evrces—a'rrdﬁne@rrrs—u--at or-netal stacks
far sem conduct or - based devices. 15 A conventional nethod for making these
devi ces. i ncludes formng one or . dI YEL Fry2li; 8 receptor substrate and
patterning the | ayers si wltaneoUMMHy to formthe device. In
many cases, nul tipp idvelRRATEitdo @mmﬂatatn@renueﬂeﬁt SRS StV RFrRD
prepare the ultimate device structure. For exanple, the preparation of
optical di dgyleesyte fomy deioes area rdwepmerlmpanneulhnnthVMOnfretatedto atheeml and bl ue

pi xel s. AIthoufgh sone | ayers be conmmonly deposited for each of these
types of pitHase reavemtéagtngedﬁehravewsenm%&sf%ens%mi@ﬁyofwnﬁé&eétrﬁamglften
hot ol 1 ¢ hodEai a8y BRI {leite, Wif g5 B Bpfcal 8 BB CEL1CE, A8 rdibptor,
with a photoresist, patterning the photoresi st using a’ mask, renoving a

portron of the photoresrst to e se th ndelrla ing |ayer accordl ng to the
pattetn, and then etching the eﬁ-ﬁé&%ﬂ%"—mﬂsom applications, it
may be difficul tMay mitRi@eleldetlonicand bPHtLE Beviedd iafformed agng:nyet?afalﬂe@ht

phot ol i t hogr aphi c patternl ng. For exanple, the nunber of patterning steps

may be tooMatgrigs atankedroa@taq:tcathena'ﬁhﬁsabwrseremﬂetnnettdewd ¢epr0|dnceatdid|dpwe¢s wet

processi ngste onvent naI I|tho dernin

adver sel y E‘F?‘@E@S Pﬁt‘&g’r eyypes lnﬁ FPBH&J;\?‘SP a}ff‘Hﬁr’"g‘éct FEP&E@ g}{@FG?“ Bl ectri cal
or optical pRiQRE tﬂrs‘,s opficdl REavREGHE QR e IRP BddoRftndriABER devides] shdGRAGIET vabl e
t hat many potentr al I'y advant ageous device constructions, desi gns | ayout s,

2 4 JBN 200Bulated- mﬁﬁ@ﬂ%forasemwm}dnaot -basell dbécssuse of the |initations of

conventional phqt oIrtho rﬁ&? tter.ni r],g P.0 85 71 A2 di scl oses
transferring a pr making, thess Jeyires g P&MEhE™or a

hole tr ansﬁgéﬁs o?t%”ﬂ&@éiﬂgr §UbSIFR a‘PlQ:[Brg{terh?nh e 15%@? Q%Rﬁnefoh!;l%} %bb’rﬂlaﬂ? 1§ base
film a |light-absorbing |ayer f on "t he Das | mand a transfer |ayer
formed on dtmtlhr:ghvxcabbmmbtnmngBsaymﬂtlplmr@ﬁl?iéﬁ,aﬁ.dlpatmrmog sispsarpatquinedittlg a
phot or esi st_on first sybstrate to rm openi.n transferrin col or ant
Prom a sectiasbe bt J5aee fhEnrsar oLman o HodapRtH B GPl diepaiimey
substrate, e"t‘ltﬂﬁe 'i}?er@%}fhﬂgc tohsar?at bered! e&h%@ﬁlﬁé ilst %Jt'h@@é’l?sdﬂf‘e"l T*;l;-fr's Eﬁir ge ant
material in the posftions of the opehings in t e photoresi st. ereis a
need for neymmeblyaldposifedffor etachgﬁttllms@pdewﬁ meds, at tehstaomdhwsdnumbber of

processi ng steps partr cularly 8rocessi ng steps. I n at ea‘stt sone
i nst ances, SaPATaeliEgrmed |2, 0fiGP S SFIP?éa‘é patiemed.; Baiteoning el ihedayersiis AfEbr o

liabilit I
resont 1 i mel by GHERTGathante e HIIRS it ineh O, foh KRMNE bVl Slermit S,
t her nal traaﬁé@res@t FReErn rﬁ)ﬂﬂ’e pfh@fdi‘EMuﬂﬁ%’h%Sk rbn@bluglarwnmtdmad and
el ectroni c devices. One enbodinent is a thermal transfer el enent that

i ncl Wdes aphatbeesistitocexpose therandedtyiogriaperaiacontingne ther pattain, andithen etohing the
transferred toﬁg receptor, is configured and arranged to format |east a
first oper&tRo8¢hlaYefayer and a second operational |ayer of a multilayer

devi ce. The firglconesall-Adls #t?ﬁ’a‘?rbe'd aﬂ{‘éh%&%cmg F’tflugﬂgé‘\%eggsrﬁgndum

or produce a charge carrier ofr uce or vegui d Anot

embodi ment cdrﬁrehf\@mdpwdt@ﬁ!thf)gfa@mi pa&bmmgt For tamﬁpta,lthé nahisdraf pstteniapistep n - at

| east some instances, the thermal transfer elenment al so includes a

| i ght - t o- hesay be tewlargsi fon practied)manapeture pfthe davice olmaddition; ‘gﬁtpremslg&sttebs heat

ener to transfer th i conponent transfer uni "fi.nst
oper%l onal® 4oy 'Ona‘rtﬁmr@téﬁ?ﬁra%fﬁ?‘é?wa&may|a§ pely ﬁ%echlf?e&'ﬁébr‘g} 952 or der of
the layers in the device or in the thermgl transfer elenment or the
proximty of the two |layers to each other (i.e., there may be one or nore

| ayers between the first operational |ayer and the second operational

| ayer.) Another enbodinent is a thermal transfer elenment that includes a
substrate and a nulticonponent transfer unit disposed on the substrate. The
rruI ti conponent transfer un|t is confi gur ed and arranged to forrn upon

Y . o e o, . o - T e 1




charactenstics, and/or electrical or opticai properues of 1he previously deagsned layers. 1t
2 4J U~J 2003 | ayer and at |east one el ectrode of the L device. Another

enbodi nent i songrivEEe thaeminyepotastiptyddvaniaggousiievicheanstauctionsa designs, layostsent .2 AvgyN 2003

anot her e [ [ -2l . for ni a field effect
Franst st o e s P Soph RRET Bhesbde 3 HeTim SRR ko Rion BB Ry Bl -

mul t i conpormtierningt ransfer unit that is configured and arranged to form
upon transfer to EP 0GSEPIHAD aisclbse Manife@ingraiain@ianale?MB af efictrbhie fiel d
ef fect transi stansporsesthpamdaorgaticte iraspbm comgolrlyfesm addner Hleliteoduhdet i ng

| ayer. Anot herfilaniocldiimgratbases filn,fa ldhttabdorsiap 1dyeafosingd o tHeras@ dlisdndg t he

t her mal t r ansfaaransfee tayet fordvad bh ¢ire liphbebkonteing ldysr.a t her nal transfer el enent
for formng a waveguide. This |10 thernmal transfer elenment includes a
substrate and. a 6176620 ndisnloses paiteraing @rphotordsist on ¢ ficgshbgyuateetd and
arranged to fdprm opgrangs rramf¢rapg e colerang Siept vsecond substaate ovewtheper at i onal

| ayers of the Rati¢agedpheioresisten the fst spsirate, gndremaying thgpattgresd and a core

| ayer. Anot herPhekasesit ielpeve behindgaleranti maleR glindhe nesitiegs ef e onemnes t r ansf er
el ement. A furRi&PROMIEEStnent is a method of transferri ng a mul ti conponent

transfer unit to 15 Phefed§ @REQITorl 2w MO ofl ¢infi thds® Bvitids REth @@BduRed | Ng a
receptor with a thermal transfer elenment having a substrate and a transfer

layer. The tRURST @fPrPespEng sters) RATGGIIZY WiFt PTOCeSHpR HEPR 10 pllAas sameimstanceshe
thermal tr an&fs%a %ﬁl@?ﬁ‘%hk §?r§ﬁ&ﬁh ¢ @év%eb@ﬁﬁ ﬁ]‘aret r%lia%{lﬁnﬂdqﬁoxfe r('SSm;[alexi
er ot I Mg

mul ti conponent trans uni e receptor accor to a pat erw'to form
at least a first operational |ayer and a second operational |ayer of a

device. In at |east sone inStanC§§mm§nﬁt€of2tﬂeim5ﬂr§# transfer el enent
includes a LTHC | ayer between the substrate an e transfer |layer. The

t hermal transfer @¢neraliptthe presdnt inméntion eelptes to theinhg) hitansfercbemetintscand onethiods efat t er n
and the |ight. | onver JHC |layer to t gy to

sel ectively Sé'%rm%rﬁél ttr%nesrerrn%tllemf: &rtgfr%’é %?}ngfdgbﬁg%t l.ndﬁ%{'g%moétfcagﬁﬁregaegggrﬁlgzed t hat

t her mal t r anddvites. eOssr@ntilimeannisal ts@mblarahsfeneiement that inclddestarsabssfaerandai t  t hat
is configured and arranged_to .t ingle layer. It wl so be

ansfer a sin |, a
recogni zed t R4¥iIcoPRAAENt than %P”T‘Hgﬁ’ﬁ itf?&f,g” V%&CWW’®$W“ESPéﬂ‘iferri ng

ei ther a mul jA6R80QRYERH al I6ANS FRT opéiitionday@r MidAGk&onl dY&htionkBy&Reye summary
of the present Invention is not intended to describe each discl osed

enbodi ment  omuislayendeviep] Ehwlirstbanctstiond layerds prnbgernd andarengsdon. comust &1 gur es
These embodi gt * 95e S BL b38 T br AR IO Ritihdr b Bl B
i nventi on magevire forored usiogpiegharingl teansfer slementl Inrpt bast somle mataness, thé thetmenl
I:glnlng\(l:\’it Pgnd\?\fr'{aariﬁl"e?Cﬁilgrcrjlggtcaﬁsiogr%ciluodgs g ](igh\{-%-i]galtl%or%gg%%i(ﬂ?ﬁbfla%r t}la ecar|1 Conve ton in
light energy to heat energy to transfer the multicomponent transfer unit. The terms “first
operational layer” and “second operational layer” do not imply any order of the layers in
the device or in the thermal transfer element or the proximity of the two layers to each
other (i.e., there may be one or more layers between the first operational layer and the
second operational layer.)
Another embodiment is a thermal transfer element that includes a substrate and a
multicomponent transfer unit disposed on the substrate. The multicomponent transfer unit
is configured and arranged to form, upon transfer to a receptor, a first operational layer and
a second operational layer of an electronic component or an optical device. In at least
some instances, this th‘rermal transfer element may also have a LTHC layer.
A further embodiment is a thermal transfer element for forming an organic
electroluminescent (OEL) device. This thermal transfer element includes a substrate and a

multicomponent transfer unit that is configured and arranged to form, upon transfer to a

receptor, at least two operational layers of the OEL device, such as, for example, an emitter
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acconpanyi ng drawi ngs, in which: Figure 1 Ais a schematic cross-section of
one exanple of a thermal transfer el ement according to the invention;g JyN 12003
Figure 1B is a schematic cross-section of a second exanple of a thernal
transfer elenment according to the invention; Figure 1 Cis a schenmatic
cross-section of a third exanple of a thermal transfer to el enment according
to the invention; Figure 1 Dis a schematic cross-section of a fourth,

exanpl e of layer as atdeast eneléatiode pEthsEladesieedi Anpthes enthodimens it au@ELdeyicee 2A
is a schematic cross-s&gti?n of. a,first exanple of a transfer |ayer,

according t¥MaAdsinghnthenpa! trapHenflement any of the thermal transfer el enents
of Figures | A Way dRoth{¥ enffolithdhs B fherml BAARIdnfent FASRrAfE LI R Bffeck SecONd
exanpl e of a transfer layer, according to the 1 nvention, r use I n any of
t he t her naktrahgigtosf Elis ¢leemnEntansfof elemhentiecdudes A stisstrhte2ndF guheoMBonanta
schematic cross-section of a third exanple of a transfer l|ayer, 20

accor di ng trén¥feranittbatys configuresrand eerapgeddaJorgt, uppr trapdente a fecepiar. &t ledftenent s
of Figures A . vo e i i - } fourth
exarpl'e. o "5 Sphilupnaravklydlr i (B bR BT bl aC B AARe ST el RO O,
t he t her makericandifctihg Ry&TENMothe embbéitietsis laAieldeffeciramistbi forhed Bdng thea
schemati c cross-section of an exanple of a transfer Layer, according to the
i nvent i on, tifeomalugansfenelement ng an or gani ¢ el ectrol um nescent device; Figure

3B is a schemati,c gross;sectian aof a .,second exa e.of .a transfer l.ayer,
according to ¢ hATOMEEREPOTTeRGR » epRp e e R ERO L gmits wavepuide. ' TH
el ectyool UMRERGIARNsAE YiehBnt iﬁélﬁdb{s%%u%ai@arfbg BilEcéhpSrent %héf&ﬂﬂiit t\dhhﬁéfls

illustrating steps in one exanple of a 30 process for formng a display

devi ce accoonfiguged andtanengeivterfoingnipont tranferdto huktepiD3atHegu tes opérationdD ar e
top views jllustrating steps in one exanpl g.of a process for formng a

1ol d of f @Yo CLTE MPGESHECHPRFTE et Ot TOEYeEAnd Aicgls BEere AONED ar e
Cross- sect bAPGdiméhEida wWaRkHSSPRAHENGSALE KUt mERranbfel Rlerlent  espectivel y, and
illustrating steps in the one exanple of a process for formng a field
effect 5 transi #tfurtheraembodingent & a7method ofirarsfersrgs mutiddompiopentafanafec soplted
field effect transi g;tor (?nd or glani c el ectrolum nescent device, ?cc rding to
the ifvent f 5FePARA® Briadevifgenfinding cantactigAdieeeptqy With Pé'i‘fé"ﬁﬁﬁ?‘?s THTH  and

| t ti : Ll f le i
he. or awi nas g sy T REanY adRni PR, TRE N SBar NRACRY ¥ Em RS, coa,

however, ttadsférhaitl Mhenhdreal transfe@tlement ik Beléctivblg heatee nd transferaht he parti cul ar
enbodi ments described. On the contrary, the intention is to cover all
modi f i cat | BHYicoRganem trantfer, unitria the reeemien acpRlingdP |2 Ragter® tniormakleagta Hiist and

scope of tfe L Va0 naRRL Al e RS i)t 8Fh 8videSn bl St doRlcSHs RO hgrent s

20 thermal transfer element includes a LTHC layer between the substrate and the transfer

layer. The thermal transfer element is illuminated with light according to the pattern and
the light energy is converted by the LTHC layer to heat energy to selectively heat the
thermal transfer element.

It will be recognized that thermal transfer elements can also be formed with a

25 transfer unit that is configured and arranged to transfer a single layer. It will also be

recognized that items, other than devices, may be formed by transferring either a
multicomponent transfer unit or a single layer.

The above summary of the present invention is not intended to describe each
disclosed embodiment or every implementation of the present invention. The Figures and

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



15 The present invention is applicable to the formation or parti al

formati on of devices and ot her objects using thermal transfer and t hékndiN 2003
transfer elenents for formng the devices or other objects. As a particul ar
exanple, a thermal transfer elenent can be fornmed for making, at least in
part, a nultilayer device, such as a multilayer active and passive devi ce,

for exanple) a multilayer electropnic and optical device. This can be
acconpl i shed, "~ for exanple,3i¥2£pﬁﬁﬂﬂﬂﬂﬂégégiikﬁﬁﬂmé mul ti conponent
transfer unit of I t il : i

single | ayer andT]gPT 'ﬁg%{tﬁl T%)I“Zé;)@fro?{% arfgggfr}sunggx;stdgdggc@@({uegag@gw é’ﬁfe?}o%&@ﬁg
devi ces andiepsileg desdiiptioh of vilouseerhitiens 8Ntheimreatidr AtohSechioh weth the M t ed,

an appreciation of various aspects of the invention will be gai ned through
a di scussi aeconpatymgdawpigesinprlooli.ded bel ow. 25 The tetra, "device",

i ncludes an el ect.ronic, or optical conponent .that ca sed, by itself

and) o5 wi ot hOHEUBbAGALETEG GOR SFohaR GEPREoaalh ol Brmad ihpseneliepenbni
circuit. TQEC&%P%HO%EEEJXE&QFViCe"’ includes an electronic or optica
conponent capab of a Jynanfc function, such as anplification,

oscillation, or RggrdB sachahaticerdssimytiorqgiia secoad pxangle sfipiheymdl oransfer

oper ati on. 2 4 JUN 2003 The term "passive device", includes an

el ect roni ¢ HMYPHBFAAINGSoHIBYENTIORAt | s basical |y static in operation
(i.e., it is ordknari,y..in l e of lifrcation or, oscillation).and may
require no pome?#'g%rf ]c gffgﬁgrsﬁgéct ?rgssés%gﬁ%q P%"hﬁ" h‘:’é“ﬂ"tnglr¢ ) a %'{"iaivtéa'?sge{/er "
incluges | aydhént bbcrdiph 96l weSnténtipanduct a charge carrier 5 (e.g., electrons
or hol es) and/or produce or waveguide light in a device, such as a

mul til ayer passiRigursriDhista seherdatid oess-Eeuombes fmirtheaxainple df aykermal mnarisfede

| ayers thatlact as cgnd cFin , §eniconducting, super conducti ng,

wavegui di n§ YL ATRREYS W?ﬁY?\ﬁ@: Li ght producing (e.g., |um nescing,
light enmitting, fijWRMESEiNEh&hatRGSRPREESEbNDYirst BXAFIE oM RLAMYyeg, or hole
producing layers In the device and/or layers that produce an optical or lo
el ect r oni ¢ agegrdingrtottheindenticne forTse in anymf the hermalitansier ¢lepents of Hgingslé4 to

| ayer 5that?i_re utilized in the operation of device, such as a nmultil ayer
active or d 3si ve devi ce. Exanples of operational |ayers include |ayers
that act as i “S@igﬁﬁe@@isQ%E’é%ﬁét!c@%ss%@i@@ﬂ#%cbﬁ&exa%ﬂl%m?gﬂf& 126k,
wavegui di ng, frequency nultiplying) Iight producing (e.g., |um neScing,

| i ght eni t tacerdingltachemeempnoforiBe phawpi chetheima))transfeedemens pf logures hd tohol e
pr oduci ng, ignetic) |ight absorbing, reflecting, diffracting, phase
retarding)ligattering, di spersing, refracting, polarizing, or diffusing

| ayers in the dgyi / r hak:; I tronic
gain in the dev?ﬁ%ﬁg?ﬁgg?3??%ﬂﬁﬁﬁﬁ9%3§?§?fgﬂ%fmﬁgggﬁﬁgfﬁgkﬁ gqugﬁérs t hat
do no20 per faccordmgfto almcinkemionnfdr vee dpetyatfitibathefmil heandevelesentbof Figures pAovwi ded
solely, for _exanple, to facilitate transfer of a 20 transfer layer to a
receptor sdEEtrate, to protect |layers of the device from danage and/ or
contact with outsid [ar e to the
recept or subst raFtS’ %u_r?&? §gfs? %«aﬁ%a&&ncgg%éﬁeétgorggﬁ gogxnimgﬁarh@gg g% ?r%aagf&ﬁ?}; TPeast in
part, by tRecdrimpibele dlemion! relein dngfithd therma ttahgen@émént SoSHigireel Angnt .
The thermal transfer elenment can be heated by application of directed heat
on a sel ect!® portion of the thermal transfer element. Heat 25 can be

gener gt ed usi ng heat,i.ng el enent (e.qg.. a resistive_ heati el enent
donveRt §ng'r ad: JUEE g RSB o Rt AP B B SF PHY B

el ectrical (&We GRntibA, ﬁrh@é’ﬁrfo%in?*}ﬁ o?#‘a%'ié‘@lbc_tlﬁl@:ﬂﬁ:faﬁ%@ntede%IEE;“t to generate
heat. In many instances, thermal transfer using light from for exanple, a
| anmp or | aser, iBgad3dntagelanntibarawssectian dffrescacrmlieoanyleafd tpmsfer byen t hat

can often be achi eved. The, size and-shape of the tragiferred pattern (e.g.,
a 30 |ine, 2g§arding to dhgiaventiog, 1o5 e in ARG 2N AR ClBTABINESEENARVICE o

exanpl e, sel ectiyf ' : ]

xposur e pat tor thaFet 1 T AP s itad ghinay Miskifie epthn IR BhmbGes,

W th jche t?ﬁid@i fotrﬁ'@'ﬁﬁﬁ%fi debRyRIBVice abrding tetHedfiveation;of the ther nal
transfer elenment. The thermal transfer elenent can include a transfer |ayer

that can be used to form for exanple, electronic circuitry, resistors,
capacitors, diodes, rectifiers, electrolum nescent 5 |anps, nenory

el ements, field effect transistors, bipolgr transistors, unijunction
transistors, MOS transistors, netal-insul ator-sem conductor transistors,
charge coupl ed devices, insulator-netal-insul ator stacks, organic
conduct or-net al -organi ¢ conductor stacks, integrated circuits,

phot odet ectors, |asers, |enses, wavegui des, gratings, hol ographic el enents)
filters (e.g., add-drop filters, gain-flattening filters, cut-offfilters,

T o R oy




2 4 JUN 2003 One exanple of a suitable thermal transfer elenment 100 is
illustrated in Figure | A The thermal transfer el enment 100 incl udes a2 ¢adrio)
substrate 102, an optional priner |ayer 104, a |ight-to-heat conversion
(LTHC) layer 106, an optional interlayer 108, an optional rel ease |ayer

112, and a transfer layer 110. Directed light froma light-emtting source,
such 5 as a laser or lanp, can be used to illum nnate the thermal transfer

el ement 100 accopighg smoamaxtett% n,ewEhﬁuerIH% Ligpkah oh@@(aﬁ%ﬁiﬂé &f \grodesk sH at i on
absorber that converts |ight energy to heat energy. The conversion of the

| i ght ener ofprmiog adwld effset gynsigouidcsrdimg tobe invamsier of a portion of the

transfer |ayer 0 to re tor (not.shown Anot he her mal
transfer el ement &‘fﬁs P%&P@g)e reafr%%rf‘S?t’%ﬁ‘é‘F‘%’%lF‘éTefE‘?’dr’f&)m%Fﬁg’{‘é » 124,

an interla i B.
Aot her sur e Ph 2RI ARE HEs I bne mpRore pioitel & imite @3%%‘%‘?%@
142) a5 LTHGrdnsigter; abd4, and a transfer | ayer 146, as illustrated in Figure 1

C. Yet another exanple of a therma] transfer el enment 160 i.ncludes a, donor
substrate 162 ardd8¥etriaAsress-seehanal vi wofa§owlpdjﬁﬁl¢ siferd trapsigtppendoraanic v ¢ h
an optionalg %rcg.glu%h&ge@g%gCg,ea[ccgmr%[o‘%qgeh]ge,]itn)% donor substrate 15 162
and/ or trans l'ayer o conve t energy to heat energy.

Al ternatively, tWBlld thernientibh asrhﬁximblelt@nmﬁus heddificaionseand aft ernwdiie fordis, a
radi ati on absorber for thermal transfer of the transfer |ayer 164 usi ng a

heati ng el SReaiics thereef hayedeprsliopn Rewpref ¢xampleie erdrawmﬁaﬁncbwﬂk!&cdﬁgcnbn
ther n?d t r@rpt?%tﬁ* lsﬂgﬁ{(]tbet ndgr%{oo%t hoh el:\x:r nﬁﬁtthe m?eng FI? {srﬁ%k }lf; lﬁnﬁe lfuvet% ighe nt

and transfer rans a ar°%ae eor e h erma ransfer
el ement 16Qo mdﬂa@mulé&cembitﬁmﬁém@aes@hs&r b@ﬁ tHERY nQIy | meﬁ{tbr)tldnﬂﬁdJ&Qeréhllr el ease

| ayer, an interlayer, and/or other layers (e.g., a coating to prevent

sti cki ng ofmadificatiers, Qﬂmlvéemgaandrﬁgljlemaemﬁfjmgjwhmlthe sphrst andtscopeoef thhrer mal
transfer u3|ngtrad|at|on (e.qg., light), a variety of radiation-emtting
sources caf B8"Uked in the present invention. For anal og techniques (e.g.,
exposure through a mask), high-powered |ight sources (e.g., xenon flash

| anps and | asers) are useful. 25 For digital |na%|ng technlques i nfrared,
visible, and ul travi ol &etailedPescy Ewbpdimentss ;i t abl e | aser s
i nclude, for ex

fi bergcoupl ed | ggg,"?%ffm gberR% d‘ 'gadlgpo Wdo .9’38%@?9 f?’g@@@é °?W&§

Nd: YAG and ahﬂiot‘ﬁbFﬁ)bJehﬁseahg@h@ﬁxsmrﬁlsfbﬁ/@hﬁ tHehﬁﬂ&ra(hﬁBr éleméems didomanghef r om

for exanple, 0.1 to 100 m croseconds and | aser fluences can be in the range
from for 8%vigssias othesebiectst Ava partigwat examply, apermel transfes elsmrntxap Be (yerdhi gh
spot pl ace e i r col or

di spl ay appli cﬁ%%g%g%\}gi lI[tagwuEtﬁ ﬁgtﬁF\g%eés'%hearagsa%ﬂ ngea?ﬁ?és péI%ch?ul arly
useful as té&dce, fish example, S%Ulﬁl@yerla?ébﬁ’fon&(hluﬂ opticAdevien Tds el te astorhplishéd)

| ar ge, rlglg substrates such as.1 mx 1 mx 1.1 mm gl ass, and continuous or
sheet’ed fi fahexuBRler by hermaljeanstes ofie)mu}rﬁowppmﬁt@ésfgné@t%f a therghab transtert her mal

t head f t fil
Ponet ruct s Ssdeptilt ST dReolSHE G sihdlk AR finer Mliaph Thnkielsdn BREBE 111
parti cul ar{13edys b divitdd a%HQJﬂ'\e‘?robfe@QStWﬁﬂeethé pf@ént (iRreBtion Is @SB s MAited, an
approm mately 30 cmin any dinension) or for larger patterns, such’ as those

required feppregigghomefimarious aspgats of gt 1dvtgm|oay~slj bd gained through a discussion of the

examples provided below.

25 The term, “device”, includes an electronic or optical component that can be used by
itself and/or with other components to form a Jarger system, such as an electronic circuit.
The term, “active device”, includes an electronic or optical component capable of a
dynamic function, such as amplification, oscillation, or signal control, and may require a

power supply for operation.



Donor Substrate and Optional Primer Layer The donor substrate can be a

polynmer film One suitable type of polynmer filmis a polyester fil meookUNZUU';l
exanpl e, pol yethyl ene terephthal ate or pol yethyl ene naphthal ate fil ns.
However, other filns with sufficient optical properties (if light is used
for heating and 15 transfer)) including high transm ssion of light at a

particul ar wavel th, as well as sufficient nmechanical and therpal.
stability for th§R%§PP1 Rassive deyne’ cag! Pé)eﬁ ane "B@cﬁééﬂt'caﬁ'ﬁ‘e‘"%}?ﬁ?g‘gbﬁst rate,

in at |eas I d.
The donor tsbgggtmfya%te ‘f@r}’;’%""hg %ng i O?&Qé]p t(':’%cggé b?é)%{rﬁ'@l?gétﬂglsosﬁtﬁglg?ﬁ ?r{ cr%ggnre]
st abl e despnayereqeat nogookr fdmhzlrIH@nimmreratiﬁhe typical thickness of the

donor substrate ranges from0.025 20 to 0.15 mm preferably 0.05 to 0.1 nm
al t hough t hi cker Tl tefi ‘rasEYe layeroincludes layers dat pegduse oneqnductiyehaseg Gajtier; he

mat erigal s [ L V&L selected
To. L ove Ganclstustt B O 4Rar pRBE b 00 BRI RisP SEn &l o e,
optional pmhsliiRged passive 6ARRE duwed Eﬁamm@sr&awveu@ya‘rprnmuwlas}arslma dchass
coating of subsequent 25 layers and also increase the inteflayer bondi ng

strength b@pmé@mm@heeﬂUm(C!UIca@gelsumebmdhelmmvegwmg,ﬁaqvmncmlt@lﬁn@,llehbf a
sui tabl e substrate with primner J%i/er LS vallablefro E (Product
No. HPE100Presiiing (egyJumyneseing light emiging, Eﬁfﬁ%&%‘?fo‘?’ﬂ%m Séng &ﬁ%"éf’ %85 For
radi ation-i ‘y% t ayer
is typical Ip3g| ncor tﬁgkﬁg roédc?rﬁslﬁ)‘?ér%ﬁl th%%&r%l a(?itd }rbg?;aérf FSQHM%?%%? ahlo-EEi'g%l o:re t he
ener gy of leleghroni gai?indhd UNiI&003 radi ated froma light-emtting source into

the thermal transgfer elenment. The LTHC | ayer preferably includes a

radi ati on absor bEle eFBt “oRBEsPR 1aysE) indvdesdaygrsahataie (nehzgd in lhawﬁrampghf) and
converts a S [ i.ation e
transfer o eb%g %urc gh‘g %dlﬂ eqacé&onhpg "% ﬁ‘glf’iatmrpée soffé’P ygﬁdggﬁpé
receptor. Ilzfyespﬂﬁt ecma@dismeﬂhg, .cohdidiag, eem&on&]csxagadugéxeohdﬂd&aé ayzevregﬁaﬁxg,

i nst ead, the radi ation absorber is, disposed in another |ayer of the thernal
transfer effeRERRCY @weﬁly% hghé péredv@rnséessﬂmn@scmg, lwhéemrtaneff@pr@sabysror In

ot her enbo h nsfe i ncl ude LTHC | a

al so | ncI uggzs;? l5a”(§) th%gh ra |a 81?%'5%%?’@59 %’5’8 d?asgBSIé ﬁgﬁl ba?{é?‘"& %%th

the ot her UﬁYﬂEﬁngﬂfphﬁ&@ek?&ﬁ%fﬁhatié’rﬁﬂS(flﬁers‘?ﬂgeF@?ﬂt:tm S pelarigmg, drdiffesARL&s the
donor substrate or the tran |ayér. In yet 10 otfher enbodi nents, the

t her mal t r #htfecdevideandior layosshaiproduse hmdptx@homdewdnmn orthe deNiet. i on

absor ber and the,.transfer |aye r gnsf e d us a heat.in | epent t hat
contacts the th(eep}?eff:m?rgﬂgi‘o@g E?’eair@l‘fr ! ‘b‘{eézqyf:ﬂf th?‘ﬁ]é’ f}ﬂé&?’i rl”gh'e]ﬁ‘(?g‘s? Beter in
the LTHC | avebpdrfioPsMRE dbAYE bt ﬁbw\b&dlsbehl fdrrzexﬁhsnelhffaemfb trwsferlaks,

and/ or ultravi oI et regions of the el ectromagnetic spectrum
r adi 20i on Hassfehkyer to atrgpépsen SlutistmtghbyprtabmdayptmQfeha)dewme‘rtseﬂmamrldmml ng

radi ati on, providi an, optical densit he vel engt h of the inagj

Fadi ati on” PRGHEvA s a0l Al shiaiie Ty We ecelios suBlitens) o
radi ation absor bA:PQctW%‘?F;h%lv% dedilde b%é’f?ﬁncg o leS HPArE bquéﬁa:(s?er%fa visible
dyes, ultraviolet dyes ntrared dyes uorescent dyeés;

radi ati onpmaasﬁczlayg foyre a)therpiabmants elemehial Bhe thetal trannﬁq:culummtm; caebeheatdd s,

and ot her Ult 20 _apbsorpj mat eri al s. Exanpl es of sui e ation
absor ber s &ﬁPP “GHQ é‘é?%%l!‘%?a R selpgtediporgion gk etaﬂeah\w&fﬂﬂm €atne

exanmplse of I C on
b ael anacin BY bR bEhE's hedf idilal Sy IRoRVY RUIERY clemibfi), GRvERbEDY
| ayer can radiatiste(engt zalbeacf ofr’i@&)ltbmeitaﬁnddw apelyingrametecericabeurennid a layer éfor

exanpl e, bl ack al um num ( ., a partiall 3{ oxi dj zed al um num havi ng a bl ack
vi sual app8% heoes! trazéewéear«m tp gamatnéeel R BWPLIS@NESS) RETmAl yrapder Witged by

t echni ques u h for exa ut t and, evapor tion.
Parti cul at égﬁtﬁ Sd§ eﬁ%wplﬁe %ﬁé&“gsi‘%@vy‘ %{”er?H%Pecﬁh% a{ﬁbé AS{CEP?A%EI%@ dry or
vet coat i NGrdedmiHateM offdn® aBMkveid| MhelsBE aHS Shape of BRitAnkRIe@PaMREE S, AN @
LTHC | ayer nay be present in

30 line, circle, square, or other shape) can be controlled by, for example, selecting the size of



particulate form dissolved in a binder material, or at |east partially

di spersed in a binder 30 material. ; Wen dispersed particul ate radi gt4 ¢\ 2003
absorbers are used, the particle size can be, at |east in sone instances,
al0 umor |less, and may be about umor |ess. Suitable 10 2 4 JU~I 2003
dyes include those dyes that absorb in the IR regi on of the spectrum

Exanpl es of ch dyes may be found in Matsuoka, M lnf sor bi ng
Materi al s" ”Plf'éhh?ﬁal"‘r’ é'%"sexPNW%‘r‘%" of hgdighihersy, heauragon GF‘ﬁ@ABBEH“ Spect ra

oo L S B YL s (S
4,950, 639; 4, 940TRelMerrdal 955 BB embntQ@BirdRBe a braAdd: 1996 thA,ckf 6e 888 to form,

5,286, 604; 5,340, 699; 5,35l,617; 5,360,694, and 5,401, 607; European Pat e~r t
Nos. 321, 920 srempeslewmnicawsuiBe fesistors, Aapasitors) dipdes, rectifiers, aestroluntheseent

Co 93, 452-454 (1993 R, absorh ted.by dendaale P t
Technof bgi cBmPhRETION Y FeHIeBect (RBPTS HEOBELRE eSO HD PSR, 00,
lt-126 a“dw'd% &Qﬁxsf@rg @Ltﬁﬂn?ﬁat‘c&? %mc&qd%?t%?hé{x&stt{i’r)ﬁe l{éﬁg’ éb%g d & ﬁ C pased on

factors suc at’i "bi nder
and/ or CoatmﬁlgatSﬂhm\éfHMnsumionddks &ﬁgénﬁtﬁcdhﬁwablem@fahofgﬁﬂa&o@ﬂucﬂb:smqktsI on.
Pigmentary materials may al so be used in the LTHC | ayer as radiation

absor bers. iBeamRsebarayitsshiotedstastqss, d?ﬁéﬁt lengepcwansavides: Boming.delosriqr aphi t e,

dosori bed 1L el R0 AR roB S pelhellshuk s, NG HRES, RUTHEMS,

.1 ~eefo-er e~QErdigsplithers Qfo@bféﬁﬁ@em}ﬂiﬂél-lstrh@dmdtbbé; seRbEs Ke. ?Z evﬁemﬁs&as;ﬂﬁs@n
copper or chronium corrpl exes of, for exanple, pyrazolone yellow,

di ani si di nemqa@datmrﬁ@nmrsketlerfarmem Jensors; and b hl:s)afouncal |cnv1txgemecoqi¢czjnent s
can al so be, used, oxi des.and s 0

oon he  al AR, P s Aicas e TR Eies o1 crmbisitions ardolainy Brami: the

nol ybdenum cdmiighs , DR veopper,
silver) golcd Zi r%gﬁlf g?nmt%%te%tl{ rdnrs?sﬂn' mdndghm&ﬁlﬁcrt%dr# ﬂ%ébd[égq ]a@hg%gdes, ive

car bi des, matrixdegy fmraantrumcalrdlsjm thant@emsmayt]xctfummﬁ Ixratsrmegal oxi des

struc raII r.el at ed e bron fam | ., vVOz9) may al so be used.
Met aIE adl VISBOTHB%P{JE?'? W“%é@é%a’“g@){"’tyfgér inthe foam 01}/ particles, as

described 25 f orrhedmhrngaRfer Bf ldycts t(PR)trm &bices‘]!s 3%16?&1ethﬁﬁe®ereé’uc'e@r e’ 4 or
as films, as disclosed in U S. "~Pat. 56, 506) iaci~.~I Suitable metals

i ncl ude, f clinenaerpleeprogbssmgrstaps oﬁpxsmststs sut:ln as phmd:tbograplet pattéroing avhachzisnc.
As i ndi cated, articul ate radi ati on, gbsor ber be di sposed in a.bjnder.
The wel ght 69 B RRmparb o ant GROGHh SBRsar T #IR QR SEX LN DRRRY | ne
sol vent i1 &RSASR phAfdHldNe BuPloy A GinPERGENor vbS SHRGTERIcy sbdhomshal - %
to 30 wt. % preferablyfrom3 JUPJ 2003°to J% and nost

pr ef e2tabl y dptioahand etectrobio diGices; |r%udnhgpiendxamgnlanamhetopmmd| mbd:ranompadcras obn

absor bers) .and ders) used in the LTI—flC Sy |t ]e bi nders for, use in the
LTHC | ayer GRSt o1 138 GOBBPRFFHSY & USE.ik f Cigplaye e X ERErIumRETot i ¢
resins (e.

eyvs . SEApAEGPOARS S iy BEbi] Sl B i) o B81 Some

pol yacryl atlﬁﬁanoe§|p|r(w1@§fdi beﬂh%glstaﬂd)n&vﬂ{eﬁﬁ'ﬁrmlﬁlg muNiptd davices ever aanaglea that is

pol ycarbonates. Suitable binders may include mononers, oligoneli orrers W th
opti onal pd?rﬂﬁﬁmeWf@ho theplevigasize i és ag expmple, CABIPBRIEEPY a digplay: avhig

i ncl ug?es 1to ferab th 45 wt. % polymer (excluding the
sol ve méﬂa"cyaﬁ’&‘iﬁ 5"[“??1‘8 e%’s'" #3883 ng on the donor substrate, the
mononers, ol i gor@isgme Mithnd, iR e%@ﬁnﬁ'ﬁr@ﬁsﬂx‘m@ﬂa & M3ddht8 forhl EodeliBe SONE
i nstances, if crosslinking of the ~LTHC layer is too 1ow, the LTHC | ayer
may be danug@dhdnpbjebe ’ﬁm’nulaphtltbcrnmleﬁrmsferbhmemrsmwhmludﬁthanpntnmn&fcr of is
the LTHC layer to the receptor with the {qﬁgnsfer | ayer. The incl u3|on of a

t her mopl astSHENeESYih (Teltgfompsawwemfernww the(aal tfaﬁsfaf elepgats thay fransfer a
| nstances, %?e 189& 32 n?gactqjlé%g(%vicg jedt R He %{Jﬁﬁemﬁ’r{ SneGB MR 1 1Y)

of the LTHEM er no I'c reS| may i nprove the
adhesjeon ofthéxhel | Tidfor eporing itk hﬁltﬁ@ﬁhﬁbne’%ﬂbﬁﬁf@t&ns bfd eR€oenbrdhér , the
bi nder includes 25 to 50 wt. % (excluding the 20 sol vent when cal cul ati ng
wei ght per ¢emsfer elamemts phaa stander egngle lagerd, preferably, 30 to 45 wm. %

t hernopl astic resin, although | ower anounts of thernoplastic resin nay be
used (e.g., 1 to 15 w.% . The thernoplagtic resin is typically chosen to
be conpatible (i.e., forma one-phase conbination) with the other materials
of the binder. A solubility paraneter can be used to indicate
conpatibility) Polynmer Handbook, J. Brandrup, ed., pp. VIl 519-557



25 (1989), iucc~a In at |east sone enbodi nents, a thernoplastic resig t hat
has a“solubility paraneter in the range of 9 to 13 (cal/cnB)'~, pref r‘aﬂ)lm/zﬂm
9.5 to 12 (callcnB)ra, is chosen~for the binder. Exanples of suitable

t her nopl astic resins include polyacrylics, styrene-acrylic polyners and
resins, and polyvinyl butyral. Conventional coating aids, such as

surf act ant s an@nelexqmple oha suigblettbermabiyariséer abtcedt B is dlustaated int Bigaretlide

coating process. . The LTHC | ayer ,nay, be coated onto the dgnor substrate
using a vaps @‘FV“%W%‘ 8t ?lﬁgefﬁépﬂH@%B\ﬁﬁn?fﬁugﬁ@t%% aﬁo%‘i"v‘i@m&r BBYeror gani ¢
LTHC | ayefad S 1:1LP¢-10- [ . | 0 a

t hi ckness f %"f’ %61%%%topﬁ1ea?88%r%%p@§?-g¢)2%% Ile 6’838] ‘g’%g’ﬁqht“@&?%et) E]éé’ %ﬁ%ﬁﬁﬁ%st

pr ef er abl seleade Mapert X127 anta trésfériaeg a0, cDIrddtéd light €oni sligtanhtdingisoureé, suciast

sonme instances, to a thickness in the range of 0.00l to 10 ~tm and

pr ef &r abl 35 a Bsey®2 larep, ran be wheddo ilinadnate yhe theraal transfier etenent 30G/agcoeding t9fa
thermal trgnpsfer, e ts, Jdncluding thetnal transfer el nts that have a
i 11 compeftng. Theh e 108 Srbang & riel b8 i ConSertlabh nerefle oo 1o
transfer gesSenghe THY ich STENd ight ©f t bRy i n be
used with ther traﬁt'gsr}vg{smgﬂéeﬁrreént th%%gfﬁeeattjge l%ﬁﬂtsﬁ%%ﬁ%ﬁh?f?l ayer
devi ces, paortidestthetemhsfeblayer, 11dsowaktepeor (nbieshowh).t r ansf er el enents that are

useful for form ng other lo_ itens. Exgnples include such itens as cql or
filters, spac eAnpfg%?@mP!ﬂ efcacthpmmal frfnq?%rﬁ%ent pe9 iclidecs denorsubiatcale2,

di sphays » agh InfU S 1SSk 5y )T i Zers,
o e S ORI, ad il 6 bt o RRIETHIFIIE BB AN Iy edB, "ol S

i ncl udi ngAnbther sntableltbermbhwanfed @featenOBiD intludesQ ddnet aibstatklag2, HDLTHG 938; 5,

| 71, 650; 5, 244, 770; 5, 256,506; 5,387,496; 5, 501,938; S, 521,035; 5,593, 808;
5, 605, 780kYes, Epands transterdaysy 346,as illustrated imBiguresl G etiangthesexsumlegf?  and
5,710, 097 R l.] i 5 6 _and 9 5| I.nterlayer
An opti on%gnﬂ%ttgfggae@&?n%@%@é}wﬁ@eea%@nﬁlp%b?rt?a/ztg%%%ag%ggﬁgéiyﬁz 2914’ tion of
the 2o trajlstraed ROFiperetDO Wil ant difiohdl d8diadn dbsdBEr diEbsE®in thé 8ondradbiifite
distortion in the transferred portion of the transfer |layer. The interlayer
may 18l so 164 pnséerctansfes layeh b4 torcoovert highttenengy teheat spezgy.t Alternativedys theof t he

t hermal tpansf.er elenent. pical l the interlayer, has Ri t her ma

Fost ot ancirebe dfegftef ERen Y e it WA AT eiter B BorkiFkiRr
deconpos eofithd @fanifBelal raGi m@ingqnﬁhﬁﬂzggaémem,asuth a4k Adslshvd E’eaﬂﬂ% ekt tHabat
renders the transferred i mage non functional. The interlTayer typically

remai ns i eorgems thettheumahtranséerlelenent toysetectively hept thecthenmahtrinsfersiemaent endand i s

not subst ant i.al transferred with the transfer er. Suit .

Tl tor | ay QR d B nEr AFrting o 4 futrhy Ahiiinel BERr BB RS v gty apor
depogi t edradeitiah ab&yBérsiay dpiRhAIR Theludey Riléasé Ryéh, an hfragd! aflPRosthéghvdrayer s
and vapor deposited |ayers of i nor%tagnl c oxides (e.g., silica, titanic, and
ot her net &g oxFerivR)to pravant3icking af the/resigivg deitngedement)i used Insthens. Or gani ¢
materials suitable as.interlayer t.erjal s.include both thernpset and

{her mopl ast i c. ik eI &ander (g aORlIon (fo oleieg SEhe O PHIAGRETIGNE 5 4 3U-)
2003 resi j 8L 0R e QF iLal

treat nentgbli’rrl%llgzéé? Egm%ﬁ? ?]f’lo anmh]t%g’gmtﬁbrﬁz%%ésﬁyﬁ@g%&gr(e'g? 055 F}rﬁiabl e

pol yacr y| éresgh gmabyk)Eliglapoweatddight aroes $¢.gr Renoadlaxh kaips andilapat)/are esdfalnes.

The thernpset. materi,als may be, coated onpto the LTHC | ayer as, for ex | e,
t hePfropl akey éaglﬁ}l SBRGIEG Feshnifvess inFarsdyvh leya'ldrg%‘flplﬁk@éiﬁfﬁ éfefpéﬁfﬁué?fé/r%éfg‘ripnked

pol yacr yi SpiB 1537 ebAEPT Puebite, oSt P ToQ PO Gis e A8 Bodes,
pol ysul f ofieg.cobplled $abedisdesa et dﬂ@HMbﬁ%ﬁ&ﬁsoli@@&%la&é??(é‘%ﬂ@@&&@ agggani c
materials may be applied via conventional coating téchniques (for exanple,

sol vent bidtYIk), Isaseragxposume dwgll tiores ext baigitheraogafromgior eXample,adblew 0.0he gl ass
lo transitjon tenperature (T~ of thernpplastic yraterials suitable for use
in the in%@wwce@fsz@d sex flugnges Gap be i thedangsifiom dorexgmplps abeh0-01:49; ¢
preE@rabIM %g%‘,cg]{z greater, and, nost preferably, 150C or greater. The
intéerl ayer y 6 either transm ssive, absorbing, reflective) or some

conbi nation thereof, at the imaging radiati on wavel ength. |norganic
materials suitable as interlayer materials include, for exanple, netals, 15
net al oxides, netal sulfides, and inorggnic carbon coatings, including
those materials that are highly transm Ssive or reflective at the inmaging
i ght wavel ength. These materials may




be applied to the |ight-to-heat-conversion |ayer via conventional

techni ques (e.g., vacuum sputtering, vacuum evaporation, or plasma j2& JUN2003
deposition). The' interlayer may provide a nunber of benefits. The

interlayer may be a barrier 20 against the transfer of material fromthe

| i ght-to-heat conversion layer. It may al so nodul ate the tenperature
attained in the transfer layer so that thermally unstable nmaterials can be
transferred. TR&wephighespos ptaperawnaﬁwwyayéeqmsi (&g Sfor high infermagion rﬁd} @ﬁ}@zfd

| ast i th f The i nt
Dot 1 vesGophY phichichs) GPE S Bt et Alesar apdictbul LR Fn gl Ror
pi gnents, scmré’eS La€dr&BhiRes %Qo?r%hbl@gvlﬁi' bih la-FE@n%B'sﬁlksﬂ%% s@dh dsMemixt ﬁ” ayer

may depend on factors such for exanp material of the interlayer,
t he mater ﬂdlmmfglash,eanu'ﬂdﬁtquxmro,r shdfeeedrﬁitrmubaﬂratesf smdheastlﬂammf polyindgesheetshe
wavel ength of §{he jmaging, radiation, and th tion of expos %the
her fial t 1 ansf RS NEfBamA BriRtE3HOf ATEAYS HHAY forpfemw\sr‘wtﬁs onli

thi cknessqgfort lcbﬂétﬁ!ch@%(se ac%}{gb‘ffﬁ-%d laﬁé\/&r{n}% xtaﬁﬁn&?‘{!ﬂ@ b8f. Qhﬁf}n@hgg to 10

Vim 30 pretera nor e pre erabl to 3 pm
and, nost pmlaﬂaﬂ}&bslefu] vithSsrhdlle? sybSirate sizes (€19 adihan h;ﬁﬁr@bhﬁw 30 ¢m.igany net al
or netal conpaund |nterlayers) the 14 2 4 Jury 2003 thjickness of the
interl ayeﬁim’teyfjp’@aml 0r lasger pattpas, wekyas Bpsorapsed far alphamimanc sgeweedbl y, from
~e~i 0.0l 4 59, o 3 pm and, nore preferably, fromsbe~rt 0.02 to 1 pm

Rel ease Lay% SThe optional release layer typically facilitates rel ease of
theipransfer layer fromthe rest of the thermal transfer elenent (e.g., the
interlayer andlor the LTHC | ay eP) upon heating of the thermal transfer

el enent, Peporfubsirate apg QpﬂlillyﬂtJﬁan”ﬂj source or a heating elenent. In

at |east some S e €S S35 adh

transfer Iayerfﬁ g?'iloé Sh%sélia ‘far‘t ea;g ?fgflﬁl Qﬂes?u yé)ﬁeogtoogpep%l"ﬁ gea
exposur e pelyddeaifilm Sor eabthsle r;ﬂi]@aﬁﬁeﬁe%ﬂe@m@mé Mo‘lﬁﬁ}ylefn@ ha d;ﬂmamlemms
conducti ng and non-conducting thernopl astic (ilfydrrers conducti ng and

non- cond 9Wﬁgerﬂ>uhb'eﬁlrrpomhmfﬁmeramheal pc@mn@s ightingsetolier beatwgend ng

ol an | | el 3Pucie e Fabirigy OS] & nadenl SaRLntn, s BRLEY ones, and
ot her congifigdiént SnchaiReH! ﬁnd@e%hlasltaﬂl hh@%aﬁﬁ@lﬁﬁaﬂp’hé&tt%ﬂ ¢dh HdaRed ovke Of

Conductive Mol ecul es and Pol yners. Nal wa, ed., John
W | ey andd@sonsybsGates e tleast sdxﬂ@i?l)st,anéemﬁﬂa{ scEﬂmnmilﬁnanbamstcambefmndlucti ve
di sper si ncl ude i nks contai ni ng carhon bl ack, graphi, ultrafine
parti cul T8 dtar Suirele laﬁksaéypleﬂ“yrs Fpe I mmﬁﬁ?‘wwr%wab‘aﬁaspﬂe

commer ci a}!lcjaYn ¥PiHe 3B EC h%%gr ’rﬁ’zl, sﬂmcgggg o%HPﬂ;b?rE t% ROABM 0.025

Technol ogi es rporatl 0 urr tec PA), O her
sui tabl e twe. &y mal, préfemablyfe02m Oelma,saéthbaglerhxcm budmnsuthcbnmhlbs@ratesmlyat i ng
mat eri al s and, subl i mabl e sem conducting materials (such as

pht hal ocychn‘l'sﬁéfs)) including, for exanple, the materials described in US.

ot or” ayer piCaf e rikerTtifled 10 forfhE R Fol BY8LaidBId BE (ANC 20k dbP

transfer |ayer separ at portion o the rel ease | ayer

may be trﬁt&faﬂﬁb&ﬂpt@v&hd]ﬁém)ntlieawsérﬁhe LIV layét drirthadonos sybstranestA25 or
substantial ]y all of the release |ayer remains with the donor_ substrate
V\/nen t he Qptignalipsimingjayer ¢asl herusad teincredse yriforavy duneg e ceatings ofisubseangst e,

a regl ease Yer |ncI subl i nabl e erial
el d5ae Pafds b PYecismes Mo ERRE PPHER: Fef Siagn e BIHC Aertha il
donor substrate. One example of a suitable substrate wnh primer layer is available from

Teijin Ltd. (Product No. HPE100, Osaka, Japan).

Light-to-Heat Conversion (LTHC) Layer
30 For radiation-induced thermal transfer a light-to-heat conversion (LTHC) layer is

typically incorporated within the thermal transfer element to couple the energy of light

9



process. 15 2 4 JurJ Zoo3 Transfer Layer The transfer |ayer typi Cﬁ"*'nil#
i ncl udes one or nore layers for transfer to a receptor. These one o NEZ[][B
| ayers may be formed using organic, inorganic, organonetallic, and other
materials. Although the transfer |ayer is described and illustrated as

havi ng discrete 5 layers, it will be appreciated that, at |least in sonme

I nst ancesydiftbe e m BlgRRnMling S6REe AEd Bl therm@AtR8fe} BRfnehiICIHAdCPH@ layefaSt a
portion of each layer. This may occur, for exanple, If there is mxing of

t he | ayepsefemblgiiidiudes @ maddtiometbevriber thigetbserbnintident ragietion (eed. claser light) iand), or
after transfer OI the transfer layer. In ofher instanpces, yers may be

. i wo_ | a
conpl et eF§PYSFIsBhieesta RAftion gidde cdspigadigtion WP hegt 1o gale trngfeE PEMCSS ¢ he
transfer iy to as
el ad ng e ayqr e iafial frdRE cReHClohE Rl itol] I ol b, |
f uncst i onshepé istrivesefiedcTHAC ¢aypeand) in¥edd alte tddiatidh hbsvrieettis disgised & ardtieerexanpl e
of a transfer layer includes a nulticonponent transfer unit that is used to
f or m a miayer pijiethermmel tsansfes elements suoh a3 ¢he danopsubptaatsiov thetearnistes layen I

tor. .l . .ih f | ay. i |1, of .t I
needed 1 S rEBXEme0E: Oie hetel (&R SameRtiatudi s LEHC e apa o hfigess) “Tor o
layers ofadlifignd GhdidtfontdbstBedd) despdSad if 8ndBYmbR: &fzw?ﬂeﬂlag)é}zphﬁxe&ﬁ&ﬁm or, the

rest of the layers being incl'uded in the transfer [ayer? ternatively, one
or nore [teapsfeselementhmchas, forexampis thei dopodsibstrate oathetearsfealryée ringdt ont o t he

receptor after the transfer |ayer_h beep depasi.ted. one i nstances,
thel. ran a*éf;f¢f*%?§23¥ﬂﬁﬂ§ ﬁ@éﬁpqn@ﬁ%{gfsfﬁr gﬁm‘f” o<s ‘I‘QCIP%@?L@alﬁ@ré’éti ve or
passive gephish wso&eﬁbmh@trﬁﬁsf&qawfsttmkﬁnk@wﬁg QBemig'eie%mn?m%oﬂtkay a
devi ce. One advantage of using a multiconponent”transfer unit, particularly

i f the | ahetherma trantfentlsmernts that the inportant interfacial characteristics
of the layers _in ,the nultjconponent transfer unit can be produced when the

t her mal tr ansfiepicaty.ithe eadjghien absombes ivthe hiTsCelayers (pr other layerahabsarbs hight in

transfer. i, V] t [ in les t4al
interfac etgé E’gjta\}//éedg #‘?#bg:y ér?is)g‘%a‘?{%lee{ %é’l%fl |§ Pg@é £ fegtzc\y/’{“%%‘epg P%ﬁuﬁgi #\ngat he

nul 15 conpradienién isarvef Bitypicdlly hiphly dorptiod 61 1BE sdle@l inshghadiafion, peosddinge, an
el ectronic or, optical device, Exanples of such devices 1nclude electronic
ci rcui t r y3n apbisalglenyity at thepuavelength of ghegmaging rediationie the rapgeeft Q- 3t 3 #dscent
Iarrps,m%ggfr tS,. 4 1&l: f t i stors. .bipoelar,t I rs,
uni juncti Onei’a}) §Jni§(|§§{6 bs'rsts0 { I\@%‘?z{%‘g?&sotnoar%g&ﬂﬁét"?alteir;al sct?ﬁé?cgl?qes g%@%grﬁ uttor
transi st ajyss (e avicible@9ed LR Ehvidhetid9€s infafed diRs! IfRbAKCERE dds; hitbtadRtion- St acks,
organi ¢ conductor-netal -organi ¢ conductor stacks, integrated circuits,

phot odet qwiasizing dygdepigmentsinetsls, matebepmnpasds, metal films andotheysuipphlec 16 2 4

.1 UN 2003, el il Q.. dd-.dr. fil .gain-fl |
| 200 L L R R P Sh A B SRS,
combi ner SneARSYAR! MdSmetBANTRES Ofe SrampR/GNEBASHE LTSRS cal ifthpienpdul ati on

sensors, interferometric sensors, and the like), optical cavities,

pi ezoel eqgtigmentdaich @esarbéreblade lked & binder] sndhas sn organit falymerb drtother switabde

conbi nat i her eof .. her el ectrj cal . onductiye devices that can be
formed i HeldGEYeF &0 iaghy me&algwetei/raaég OBDRA VL Rigy veepe

Enbodi me he tran . < i ngl i er unit
that 15 Chak bl &bl R R ety & AR AR o s
an gxanplMetallid 208 enetdroopomidtfilmt heaytbe forafed by heghaiques) shehoRs for efarmplec onponent
transfer unit that is capable of 1o formng at |east two i,ay_ers of a

nul ti | ayepudenngand evaparativedspsitien. sPasticuldie centings may be formed aisingfathinder

correspond to tvxgqb ayers of the :‘r nsfer layer. In this exanple, one of the
: Lﬁs‘ﬁyﬁ

| ayers t Haf ang sy § Vet ERFSPR BRI Re nui ti conponent transfer unit is an
active layer (hy&-suitibld oY 8le ds18biafiGt SbsbrbeR if @RAHT laPér méﬁmgﬁ & ! ng,
super conducti ng, wavegui di ng, frequency multiplying; |1ght producing (e.qg.,
| um nescipagticdldtg fdrme dis§dlveddn abinder mawerialgor atrleast parpéltysdisperseddn adjnder! ectr on
produci ng) or, hole producing |ayer in the device and/or as, a |l ayer that
produces et When dispeesed pertisplaie radiztipn abserhers geswsed, the Ragisleosiet 428 \P6r t hat
is forned . transfer of th | ticomponent transfer unit is.a her

ncti ve | Y estin SRR NSty BT |DaLprIERS B Pty T RR- wat oners, SR8l

i nsul ati ng, conducting, sem conducting, superconducting, wavegui di ng,
frequency nul tiplying, |ight producingl@e.g., fluorescing or
phosphorescing)) 20 el ectron producing, hole producing, |ight absorbing,
reflecting, diffracting, phase retarding, scattering, dispersing, or
diffusing layer in the device and/or as a |layer that produces an optical or
el ectronic gain in the device.) The nulticonponent transfer unit may al so
be used to formadditional active |ayers and/or operational |ayers, as well

o o o, o o o o o o "



2 4 JUN 2003 be forned using, for exanple, thernoplastic polyners, UN 2003
i ncl udi ng conducting and nonconducting pol yners, conducting and 14
non- conducting filled polyners, and/or conducting and non-conducti ng
di spersions. Exanples of suitable polyners include acrylic polyners,
pol yani | i nes, pol yt hi ophenes, pol y(phenyl enevi nyl enes), pol yacetyl enes, and
other co | ' tBEhR; h e dey &k of
Conduct | L e B e R e e W 1 ey
and Sons,dyehimahbs famd(id Bepsudkat M., “Inflared-Abserbipg-MatdoaisipPlesum Pressi New| e
conductive dispersions _include inks containing.carban_bl ack r.aphite,

: cbifordDiode La Sstq‘%‘gfé’}&i de, and

ultrafi neY‘E)r 1Y MataigkadMurA Rsomtion;Spectra

COMMEr Ci -l.a i gl ey 1 RS. @oﬁgase 1o
Technol og%‘JgﬁS%gé? ?tolﬁ%gfpi%%g‘r?'%l)é%g{wﬁf)’ antf%ﬁfef’ggﬂl?ﬁl“\l;%r don; PA). The
transfer 494614174)943/796; 4 948 GUL, 4930083908040,84@r4, 95255623 60208)220)%,034990ace of
t he transfer I%:g%er that is in contact with the rest of the thermal transfer

el enent . QR H,286(60405,340,60%i 533161528, 360.894rand@A Q) £07; Enropeas Patempl et el y

AT B B TERRR, 81 S ST CARNPS CRURSE g gL ©
transfer 4)3‘2_35119(]@??9'[ r SELBYE L Ruli6d BASLaLIUC TR BESHER HArkdar

above. Al though't anster .‘ e od wth discrete layers, it
will be undelesdaleBrdtéaive Teohratlogiesabic., dakelamdyftedi undet the designatioansf er | ayer
may inclu I rs_ that have Lpl e conponents, and/or. multiple uses in

t helQevi cgsﬁ% ﬁf’gai é%lgéa%ﬁg?%ﬂalﬁag? ,“Sf'gt A gpssificidye €& i ments,
tWo Or NMYRedlhs r e B L RRht o UEIFRGideRRRIGY OF 20

ot herw se mgxed?%%ggdrg?/aﬁ’eﬁ{wwtyaﬁ;mgaée% {bggggmﬁ’a%/g}r@ﬁegﬁdﬁoug m xed or
conbi ned, coatihg shieentcdsewelbg the waselenpth xindeief absaspeios. One exanpl e of a

transfer layer_170, illustrated in Figure 2A _includes a,conductjve netal
or netal conpoligmentapematerials may aéFO@Gh’G%Wit%LEHWﬁW ap gadationahsqrRers.cont act

with ar t.Shown) . . Th 0 ti V. I | 74 may al so act,
at Ieastelﬁﬁmpéés[ (,gfnsggalgg8%’?85%%@?0\%&&;@&]“ 39? ?:(al |t?’aa?§ﬁélraénsfer_ to the
recept or . pihslee@nthee xakel @thidledes! ndnshe? Pignfney deb&ibediih UUStPadtesk. i n Figure
2B, includes a release |ayer 182, followed by a, conductive netal or netal

conmpound $.d$&024 8ad 5.3AH 61 Tdmearpenstodhencinry-noferereer. Additigotllyy blagbrztrer | ayer

| 86 for contact wth a receptor (.not wn) , third, exa e 0 transfer
| ayer 190‘,9'gfﬂleﬁ'l§sbla§egt°élacqpﬁer rgcglf%élﬂ%,coﬁﬁgﬁxﬁd%%ﬁg eéS’HB\ﬁcPX‘SW’gAI?‘FF&I':HgVHr c |layer
191 (for egwnisiAIng red, 2RO NicHEIRLS iveRsly 34h beshefin Irioheid iShentd c&PAISLIGE hsed, Or

non-conductive polymer |ayer 192 for contact with a receptor, and an
opti onal ingludmgefor gyampl¢.raxideshodmyifides of metalhsush applumimm, bismuthdfer | ayer 18

2 41UV, 2003 195, i/l ed in Fi 2 i.sts.of a gyl tidl
ret 3t aGBOTETSy tiarba) ST B0y n g SBRR S, iR AR RER, ool o,
and a congldGhiny copper Sivef, Pt GlrbarfurR GhonTRiad,| AMeElukReh, Métaldmdes; catbidel] a

receptor. Transfer Layer for an OEL Device The transfer of a nulticonponent
transfer uitridest carbaitnides, bf easstractpredtoixisies,and anideEst riaurghynietated to the

el ectrol um nesgent), deyjce provides an,illustrative, non-limting exanple
of the fo&r?&i‘?&‘?‘"&f(e-én dé'\@?—?)\i’éayoeé%ﬂetﬁ’é’sﬁ‘éi ng a thernmal transfer elenent. In
at |east some \NshanGasn AlobEls MEWeGRed, Mihétdf Tedokh 0P phiBYRE, asQescriB¥Er S, Of
suitabl e organic materi zﬁ s sandw ched 1 0 between a cat Rode and an anode.

El ees r onsfoarrisstingk U Pian No. U{BS5 20674 pinbarpbayediimperi-bpraiidense at hofilmspasd hol es
are injected into_the organic |ayers) fromithe anode. As'the injected

char ges nfi§plased ip biadrRes. ﬁ-é»%ifpééﬁ- Suitelepetals,

recomnbi neintcﬁxdfe,ofro{'n 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

30 calculation of weight percent, is generally from 1 wt.% to 30 wt.%, preferably from 3 wi.%
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el ectron-hole pairs which are typically referred to as excitons. Th?sz.eﬂ]UN 7009
excitans, or excited state species, may emt energy in the formof [ight as
t hey decay back to a ground state ~5 (see, for exanple, T. Tsutsui, MRS

Bul letin) 22, 39-45 (1997), incorporated herein by reference). Illustrative
exanpl es of OEL device constructions include nolecularly dispersed pol yner

ol yrror HAEP % Feul 68 oA P £ 14 B PR BRI GHE bRENREC o

Pol ymer i GadVRfi& dtabbes(s)%d biRIRe(S) hsed Bodhg TAHESC ence, 2, 350- 35S (1994),
i ncorporated herein by reference), conjugated pol yner devices where |ayers

of pol yners sUutitable bpdessgoreusglie the W layeringlude fln-formingpolyreers,auchang and
emtting specie ee J. J. M Halls et al., Thin Spljd Filng, .276, 1320 (
006y O HBF G ie RSOl Sk (B POYRIRk HAZESOIS T, @By AL RS vol eud o
het ey ostr. j . : : : Chen et
o Y P R UhME LS BOIRAChchals, pOIRliRideRPenIHAR potfienilts, Celudbid T

Mat er i al stherivant esters, mitrdcelulSyexpasl polycidbonatés. 48uifabRSidershaseincludecor por at ed

by reference)) Ii%ht emtting electrochemcal cells (see Q Pei, et _al., J.
Amer . ChdRPnogesss, oligamers3erpmlgners that bays)been ofeandiepolymesized prerasslipged. In

referenc icall C i ] -em ttin } s capabl e of
e 11 ng Prisastirs s tindeh AR AAALE uiihPbofiRedrbRRYINENES *255 0
Z. 30 Sheafomimets and/SiCdligotrers Wil optdf@Bpclider] When a polymer is used in the binder,
(1997. #~e~eN-r eef pe~e~. ~efere~ee3, 19 2 4 JLIN 2003 One suitable exanple
of ¥ traribe binderipelpdesdotofSOrwi. 6x piefriatly) 10gp 4§ nti®eepalymer (excluding the solvert bur e
3A. The transfer 0200 includes a anode 202, a hole transport |ayer
204, an e‘V@e&?gH

l.ayer
5t W’P%N@ *t/emtter |ayer 206, and a cathode 208.

Al ternatively, Ugbt &Ring BE tead dnof Subdirate el ohdmeRE oI dYer ¢l A6ld %621%@% #ky on a
receptor (e. as a conductive 5 coating on the receptor) and not in the

transf er qragsgiﬂ%ednnifsnn theill THG Imscst instariey; if gostinking of the LAFHQ laykris $00
transfer | ayer L.usin rimed reference nynerals to indicate |layers in
common vilPH: Fird TG ieemdy B fmeas B Fhoar aaraier i bs ramiss 02 PANEH dincl ude
oneior Nohe LITENElager 18 4hdeBptdr With BRSFankRYRYer2! O and/or an adhesive | ayer
212, to facilitate the transfer of the transfer |layer to the 1o receptor.

Ei t her of thesEhe inclusialyef stheamopiestic gesihu(std. vimlynéry may smproveé,do at leasiiseme
el ectrical contact wi.th a conductive |ayer or,,str I t ceptor or
Comduct | s FEssABs pistrmaec Gttt pirBbes RISt dantabdin) o s LTHETR Ohe

under st oogl isﬁ'ﬂéltj%ﬂt bt RARdrioPAS Ofesih MayiBbRAE thd ARELoRBLhBENTRE MFer BWRE coul d
be switched with respect to the othef |ayers of the transfer layer. 15 The

anode 202lced suistrhteddn 208erabadimpnti thalbindef includes 2fstorf wioidertludigg thet eri al s
such as netals,  all ,. metal lic cogpounds, netal oxides, conductive
cer & cs, SONGAHYbER \:ﬁgg"iﬁ”é’gé\‘%ﬁmrﬁfceg eE’BﬂéE%‘FirG%"’GBéW%&E‘,b&: 38%6' ng, for
exanpl e, d ' . P ' ok j j b ' idd i de,
ot e ShefRhads R it K er i B bR esth i B WL,
anode 2021 ants tieo)c athe akkemaPidstixamresib és typinglyechbsepad de @bmeparitdel itel, form2 @

materials or they can jnclude multiple. layers.,, For exanpl.e, an anode or a
cat hode nRfiF-Phase crrebipation) with she athermatgrslsplithy binder r A selubditpasameter eafer  of

al um num r..of |15 | r I caty h as

di spl ay app |§:lzta‘% ?%iﬁcgt,e CIOPJ pla{slmﬁ e B glrhgiir‘Efdbogﬁ)’tl %ﬁ%g“ §§ Yﬁgﬁ 3&5?’;78@ and
anoge be 19&99§WWW Int 2 (kabtysobideenetoBiidn®s, \dﬁhéiﬁl%?ﬁ@tiiq devi ce.
25 The hol e transport |layer 204 facilitates the inj egtion f holes into the
devi ce armgsinhiithasma golabilityrpatameerds therrangenfifoiadl 3208/cnT )@, profesatdy, Sn% pota

| ayer 204 furthgr .acts a arrier for th sage of e]ectrons to the
anode 202(°a#?§’gglhol‘%°}tqs%ih§>ﬁgﬁ ‘P‘gﬁekx%‘ﬁﬂle% rF“Rﬁ Fﬁ%&?owleﬁiwéﬁw@?é% di ani ne
derivatiy, N - hi z < [ Chi | benzi di ne (al so
known as M&?{&a@ﬁg‘e&%ﬂcﬁ%@ﬁﬁ'}%@g ?épeﬂr‘r% P ?‘3’9‘ n?lab%gﬁgpzl% facilitates the
injection of eCegtentomal QMianaﬁisr suth @5 airfactantseind dikpeitstng agerte emAObk added

el ectron transport/emtter layer 206 further 20 2 4 J U f~ 2003 acts as a
bar 3 er ftorfatiliteterths seafimgprodess. eEhe bl tkdayenmap e comed onedhe Herarsubstrate

transport/emtter |layer .206 js .,often fornmed firoma netal che conpound,
Such: ne. HE LAl & CEariTe patg KR RORT ) PG iy 1 HEHE oS
interface between the hole transport |ayer 204 and el ectron
transport/emtter 12



5 layer 206 fornms a barrier for the passage of holes and el ectrons and

t hereby creates a hol elel ectron reconbination zone and provides an 24 JUN?2003
ef ficient organic el ectrol un~i nescent device. Wien the emtter material is
ALQ the CEL device enmts blue-green light. The em ssion of |ight of
different colors may be achieved by the use of di$ erent enmtters and
dopants in~the electror~transport/emtter |ayer 206 (see C. H Chen et al.,
"Recent locdeuklioartest semeindahes toar thickgmasn of 085 emi tao® pinnpmfaalblymsemh al s",
Macr onol ecul ar Synposia, 12S, 1-48 (1997)~.la o~r—~oaaa~:.:rxp~xate~

~T. P~p., ~to 1& mer artdamq*suprtefdrdmerl 131370 &emt:ohmnqmmmh@liﬁdyqu ¢aabets fedtr ed

usi ng diff rent transfer ers. For, exanp ole tr er
Soa T n Fi ol Some Btien b U T mereae a1yl SadhuR, erarab, Sod2?
transporti pﬁ# ayer 204 and the electron transporting/emtter 15 |ayer 206
coul d be cofbi'ned into one layer. Furthernore, a separate emtter |ayer
coul dsbe i nt er pOhie U TREC Vo ecande &k i3 Q4anerg o2 @eermal thar3fer eled®ntbhidchidirg | ayer
unit can be transferred onto a receptor to form CEL devices. As an_exanpl e,
an opt i cal theimsaltagsfeneienents thabayveasnulticarpangniegarisfer Bhigané themnalitransfegh 4C.

F I CEL dev 302 f to

Substr at e SEBEEER graRbilp PR aGrE It ol JNREM FPe it e TOELTRECRYEL 204
and then rgd b@@sediemhqmp@ame#aﬁleﬁtrsamwﬁs%m 1rﬁ§>n%h%WﬁhllIQBEc&l¢[&§, #B and
4C. Each of the green, blue, and red CEL devices 302 04) 306 are

t r ansf er r edeserlyedrahoes, \as el ragﬂguneémansﬂeuétpmand thag dret\sefulridr formsing othrer

el e ts es tiv terpatively, the red, and bl
Chor i1 °1 e8P Sotamplseling QS BEF Remess dolorcErs Sogtleven WikGmErdiierLr 1o

t t d Uni t ed
St Zf‘ei ot thiied SRR oI BTSSP ABMHEN I bR IR AOIBRES for o | ©
for 7ni ng apdlaﬁzlersr,‘z-laars abeduaters) a’m:lldnltbestenhenm cén b‘ﬂgfocmledlb}nﬁ]enhalhcdmfdrr ansport

| ayer maseri al and t hen sequential |l y, deposi ti n reen, and bl ue

el ectron t’P%lHé‘ﬁ&,r or BXARRIS, éhﬁstetdéﬁmﬁﬁfyt"ilégrr%@ﬁ@ﬁ ‘{Sré’ﬁég@?g uhl Fls6385t her

par al | el [ 5 r I a

e Aot or PEETREBASAR sugy e ha 2SppaTL ARl coloRonsiIey,
and hsue cHbzT,793; I5t@5593(9e569en14:c5m93m|60mls wwmw‘dsmvmdnt Bpplicalibns 2 4
JUG 2003 fluorescent fil ters, or phosphor s) and t hen deposi ting

mul t i compoNen?8/0346smer97(ksil73. cor r espondi ng to white light or blue Iight
emtters. After formation, the OEL device is typically coupled to a driver
(not shown) and sealed to prevent damage. The thermal transfer el enent can
be a smal | Ingériayerel ati veI y | arge sheet coated with the appropriate transfer
| ayer. The use of |aser Pht or other simlar light-emtting sources for
transferring thdgepienal H’é@%@%&t@ uspétef mmnmwdnm@ge amirqoowmmznw of the

and her ther tra sfer_ e aser, or. 0 Ilght
2our 80" couFAERERe wblPr g T SHHED b AR R IR Sr QPR bR e
receptor, pomﬁémms traR BRI S msﬁﬁermwr Rey IR ﬁmﬁeﬂc@ the€dHeioABEH e teirfer t O
Thi s exarrpl e illustrates advantages o0f using the thermal transfer elenents.

For exarrpllexertmﬁterrastmértha)tﬂwermadmamrm@pmepEymeailyb@enmddwdhm}ugblhmneld to

conventi onal. hot i ds begause t.he ers ,of . each
G devi cdesinBie drekabfe BN TR fOS aor G Coraeniln P iR eR b

et chi ng aﬂﬁlagﬁﬁ‘ébﬁtﬁuéﬁseﬁﬁlcﬁlémaﬁddntéx%t tHKWén'd@r'théjﬁé{ﬂs?&&d%ﬂ Pabh-erns can
be created using the sanme inmaging hardware. Only the thernal 15 transfer

el enght nefendional. (thedhzrigyed typirallg sentrinsfin tove adtiwittethe MTHIG layeedurd@2the 304,

306. Transfer Layer for ,a Field Effect g&anmst r Afjeld effect transistor
(FET) can tfﬁ@sfﬁbpmassL@ﬂnbn%ﬁé %"r”“ﬁlﬁf'éa'ts erayith aﬁ@ﬂ@fﬁr Byerent s.

exanpl e of an ct. t IS C ' ing 20
SR 0 o SR L0 AP B AL T 1
592- 594 ( 1RP6sited 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
30 organic/inorganic composite layers. Organic materials suitable as interlayer materials

include both thermoset and thermoplastic materials. Suitable thermoset materials include
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Field effect transistors are, in general, three termnal electronic gz\éhﬁ\lelﬁ%
capabl e of nodulating the current flow between two term nals (source

drain) with the application of an electric field at the renai ning term nal
(gate) (see, for exanple, S. M Sze, Physics of 25 Sem conductor Devi ces,
2"~ Ed. Wley, New York, 431-435 (1981)),i r~o~ In one representative

const r uct fesing that friagbe cedsslinked ty hnati rdiation,mrshenisal dfeatmant oichdingl but ot ab of

sem condugcti ng materjal  bounded qn opposite ends with two el ectrodes - the
sour ce an‘&fn’d‘?‘g?% C’QSQE&F%BES’.os%ﬁ‘kg’r\%f’@gacm%‘e%tpﬁg@e%pfy&‘é"e‘sPﬁlﬁeﬁt"r%ul ating

| ayer (g ) i r ( T a9f0

f or med. %rfﬁ)é‘?égt ri c&*@éﬁhﬁqgsﬁgﬁg@éﬁ%ﬁet \/?/ee teh%ggegtoglogﬁ]tg&rodg%aﬁd t he
sem condugy, fur examble, tHeemepsiagitqirecurdoys aminibieqedntlly @f@sldiked t@fofmbk U N 2003
current flow, between the source and drain electrodes is controlled by the
pol afity ereesliskedintarlaye® t he gate-insul ator-seniconductor field. It is also
possi bl e to coRst [uC fi,el f {. [ SI ¢ it ho ate insul ator.
poss! PLE, L0, CORSENEh il B BA LB 0Tt g A8

el ect r odepsloneabrglaedsOpoly @ fichésy polgurettaney) Bol§squbﬁ¢s9961 ebedrk Vand polyhigeen t he
source and drain electrodes is nodul ated by varying the polarity and

st rengt h Ghesehihergaplestie niganinduateriats haybaiapphedvia comventidra! cdrting dqrhaigiiesn

region at ,t he gatel sem conductor interface. This t f .cqnstrugction is
tyoi onl Ly APE PRI Sy CHCRARESPIEY CORUIER X HSIOR FoRE c SRICA Do MEBER or

2R e A GRS LA e BARRIARRL s S 7 o 25
~ce~e~a~eC oepreater, prdfeedblyp$0 Y begreater) nidre pidfigabile 1 G0°Odragédtagesd, ngat e

dielectric and sem conductor nmy be influenced several paraneters including
conduct i vPrejerably) 1 98C drigpeates} The intrslangrimay heyeitherdransmiseive | absqrbisgessi ng

conpati bi Li .. devi ce appl.i cati.on nd.cost . For. exanpl e,. i.~ general, it is
aavant agelt ety St Shindiin Gfent 3 S iaind AT FRYS18 o m an

el ectrical conf@ghaié hfatekalsalitabid ¥iRtel1RYe? HatAlsGRINHACr REAmBIR Thérarduct or .
An exanple of the formation of a field effect transistor is illustrated in
Fi gufes 4metad oxidesmkt8AutfdeSand itoeganictacbapf doetings) inclnding therse nmtdrialsithat on a
receptor suhstrate 500 . upon ich el ectri.call contacts, 502, 504,.506, 508
have. been SHeQRRIA raagmissiyd A TEHERUT Ahihe Tgpgis i AWAYlengRh. Thkse atsraliney
Substrate ' j | [ : 5 1.0 La such
as gl ass B?Qgp”negrﬂ’g@nlﬁtt?géap@g?lglggo tﬂge?@g@g#gﬂegg%@%ﬁ%’ g%)cgaﬁls
cover ed wsputtezingovacowmdwepdraorr; oaplasiga jeTHeposities) ri cal contacts 502, 504,
506, 508 can berfor d using a.petal or ? rreéall%c,coggound, such .as gol d,
silver, copper, Ihgintenayermay ProVie afimber of hanghtsy The jnterieyermpxbespbamien,” 506,
508 ,gan a alot [+ 14} r J ri as
ol vani 1 1 AEShhe GRS of lflhial AR R0 SR SR o B 18R H80 P by a
25 vari et ynodblaterhb némpersturaatt ickidig thehednsfer lahergo aldt yheomallyheristable matansls er
utilizing a thermal transfer elenent with a transfer |ayer of the

par ti cul afamis Hpnsfereada) Theressaeroriia@, intgHayep Ay alse Frsulbingaiprevedatlastital . A gate

el ectrode 510 s formed. between two opposi ng el ectrodes 502, 506, as
illustrat 8‘&4‘?%9%’85’@39%%8%‘8&@ The gate el ectrode 510 can be forned

using a first 3Jefiitensml mtayeaﬁtfamradeitieas‘;mcm&ir%hfoaek&ﬁmé,f;mbtdiﬁmbrd, ncl udi ng
the material chosen for the gate electrode. Suitable materials for the gate
el e@r ode surfastands prgrocaits plaseeizdrs,iapd coatpnguariss 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 matesial 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 pum to 10 um,

30 preferably, from abeut 0.1 pm to 4 um, more preferably, 0.5 to 3 um, and, most preferably,
0.8 to 2 um.. For inorganic interlayers (e.g., metal or metal compound interlayers), the

14



23 2 4J U (~ 2003 conducting polyners, filled polymers, and conductin?

i nks.- Exanpl es of materials for the gate el ectrode include gold, sildedyN2003
pl ati num carbon, indiumtin oxide, polyaniline, and carbon black filled
pol yners. A gate insulating layer S 1 2 and a sem conductor |ayer S 14 are
formed over the gate 5 el ectrode 510, as shown in Figures 4C and SC. These
two | ayethcknéss ofMintdhybreryhiRRINES inkhe Rhga of ©00H ¢int fHET0R, preferslyg frodh enent
that includes, for exanple, a nulticonponent transfer unit with an

i nsul at | *eeweAyHEr urand 3gim,amdc mocupreferablyafrom abBt0.02t@ 1 iunsul ati ng | ayer 512
can be fornmed using organic or inorganic insulators, such as silicon
dioxide) silicon nitride, tantal um oxide, other inorganic oxides,

polyimd i c acids, acrylics, 1o cyanoethyl pul |l ul an, and nagnesi um
fluoridegﬁ#ﬁ§9%¥%%%ic pol ymers used as gate insulating |ayers nay be filled
with an insul ghedgtioRd séak lai_;'éﬁi?pi@ﬂlwﬂa&iﬁt_%fdsﬁae&le loif €17 tRakfet fay@Sfrorhke

sem conduct or | ayer 514 can be fornmed using organic and inorganic

seni condiest of the t tansfas|ejaniend fsreantbs Jnterlaygoanslforghe hiTBSHeyrssupon

pol yphenyl vi nyl ene | yacet vl enes, netal,l gphthal ocyani nes. and, appr phous
ool S B SR A R s e B T
cont act s efehfent. Sthht st Rnel QEEL thelteledrd 16RNPIGIdeY SomBhdiHetih of BidGthnder 2 NMetal ,
nmetal li ¢ conpound, conducting pol ymer, "‘conducting I nk, or conducting

or gani ¢ hayeetd the ress ofithechérinatitraisber elemennpriar to wepasprectodheatp Suitablemeleasei ons
bet ween the sem conducting | ayer .51 4 and opposi ng el ectrjcal contacts 504,
5080 20 IBEFUCTIIEIS CxauPlbn OEHEANG B SRB g CeAmORARIC RBRSE 20 bet vieen

t he sour j : , G t flLeld effect
transist%??m¥ﬁggé@t?%gegﬁﬁegﬁ%?%gégﬁégg%2hg?%%ngg 8 agq%g(gﬁgﬁe using a

t hi rd t helispatsidns.aEsimplet af/siitable pblydiersgnaude sngicegpolynsers; polyianitings, | ayer of the
appropriatﬁgqonductive material. 1t will be recognized that ,in many field
ef fect t PRA3RSPReNEs, PolyéphenWapeinyleaes): prlyacgiylenes, and othensondugtiveprganc

i ntercha : t i i Iy i CEL
devi ce 68185%}\%{??3& %Q(}ﬁ%égfe\‘itlﬁﬁah&do%ﬁto? b &iudtl% A&y S.%Pd @? % \/m's e,
wherse ond-4fHt SiaNave,cdd:,iJohh Witkytadd Sens)Chichestérr (2981 sincspbiailapeide anode or
cat hode 62% of the CEL device, as, shown in_ Figure 7. This_ conbipation

al | ows t dExamples ofsupkle sprsjuctivs dgnsesions mohidedplsrcantaimng earbee OFL

devi ce. i S = Unj | £hi.s [ QN 0 | for
exanpl e, %'g%?(égéag})rﬁtehglrt%ﬁ%é%n%Pfaferlgﬁs él?aoe déh%@?@"%%‘%ﬁﬁ\@hoﬁ g‘?dd ef f ect
24 2 4 chbiimerdeifiCaviall 8516 matepialsdroth edmpaaies suches Nahdphdse Tathrdolsgiesal transfer
element to formthe OEL device, as described aboye. Transfer Layer for an

Opti cal \rreefanar (BrroBidesallhand deirchdElversoncBi).yOthee puigbleamaterials & thaat er i al
hely 5 SUBBLARK A6\ EINSAAL GO e e 4 D VL LBl LT

The core I's covere a cladding teri a SO I's su antially

t r anspar endteridds {s0€h 49 ghhal@dyahines)aslediag Johexaimple) tiy matkriald Beschbghin W.S.
transmtted through, and substantially confined in, the core of the
wavegui ddaggnt fNex. 41747 2 & by the difference in the

i ndex of refragtion between the to.cor d,.the cladding.. Typically) the
ndex of ref r aleRese By e R Gl ey S Pl M a o
refracti gvr9én e FdIGRENRE mIPBe RAHFOFARALALL trarsfANRGUIANRHaBvelpf hegnced by
many factors such as, for exanple, the shape, length, and transparency of
t he2Swav eguisdestamudlly ik ofiihe releasedayer remaink matdtthe donardebstiatt whemthe heansfer e and
the claddi ng. Typically, a djfference in refractiye index befween the core
and the CRY¥EM ‘l‘iﬂ’séﬁeé- %’0%0’??)”’(9‘.35‘“’15 OF &X&MPih Mt al@Ye?FFe@EW PEP§ es can be

T oSSR SR Kb R A SRR R

that are gtsgdsttl in form ng wavegui des include glass and organic pol ymers.
Conventional ly, optical wavegui des are manufactured by a variety of

nmet hods, such as photolithography, diffusion, and ion inplantation
processes. For exanple, a 20 conventional wavegui de can be manufactured by
applying a suitable optical material onto a substrate, typically in a
sandwi ch form resulting in a core region surrounded by a cl addi ng region.
A photoresist nmaterial is then applied onto the sandw ch and patterned by a
phot ol i t hographi ¢ process The pattern g fined by the photolithographic
process is then transferred to the wav guide sandwi ch by an etching
process. The substrate with the 25 etched pattern is then cl eaned, which
renoves the remaini ng photoresist and | eaves the resultant wavegui de on the
substrate. Aa optical wavegui de can be formed using one or nore thernmal
transfer elenents. For exanple, thermal transfer using thermal transfer

el enment 100 in Figure 1 A wherein transfer layer | 10 conprises three

S N o . N Y - v




Thermal transfer of portions of an optical waveguide using a the

transfer element may also be utilized to forman optical wavegui de Z%JUFJ 2003
exanple, a receptor substrate could be coated with a cl addi ng pol yner such
as pol ynmet hyl net hacryl ate by conventional nethods or by a separate thernal
transfer elenment and thermal transfer step. Subseduent thermal transfer of
a pol ynet h&l t'h iﬁél at e/ pol ycarbonate bilayer to the to receptor substrate
forns a wavdgli'§E4746F ng a pol ycarbonate core and pol ynet hyl net hacryl at e

cl addi ng. Recept t r a
particul ar appl |]2%t1?%§feggﬁ?ﬁé@k3%§?mgé (ﬁ]ﬁg? )?]opé'la?gg f(%xg?mtsgg{n&s%}agrc g%IOPfl | s,

di spl ay bl Tbksenmrier drcrasre Ipassingg bafudmad using ofpariit, inoianit, ergaintealiic; addspl ays,
netal s, sem conduct ors, gl assg%varl ous papers, and ﬁl astics. Non-limting

exalrrpl es oPthes qgsennls shlaquehtt trmﬁfqmayaa:ﬁ dﬁacnlb%epd ?%‘T?éedpﬂﬁé@éiﬁg dis§asat i on
ot yorhy! oRgefstf DU (RS 5P Nothe iRRRE, et WY bhifn Hadfosipl o1 ast i

films, gl apsgion ﬂﬁt iHthideNat0¥dst e peRainest eadtdlavor. FhisthadcBhe foti ekample! if thefé fsCui t
boards silicon or other sem conductors, and a variety of different types

of paper (émgng Of the layeroer diffbsibh efimatesinldretieres dhe l@yersbdbmd)iunng,mr@ﬁsr | ayers
(e.g., ah§$ Ia er%rma ﬁ lg_ﬂﬂated ontotherecetoré Bltratetl
facili tat eTAPHRPlth JaYera N2 pHIET Instpnges, tyrolpvers PaY.pe EemREEY T PaRtialyy her
layers maynheednabrddfind BeafiGarRtRf oﬁmta%aas”férqa)t& P4 @sd) Welsé HuRiired

nul tilayer device. For exanple, an CEL or other electroni¢ 25 device may be
formgd usi wijl he rfempd urassud:iadmgmmmﬁmn oge mdependdnt fayerd paniculady ifalifferéxtr ned on
t he receptgor subst @te pri or to tra ﬁ git the transfer layer fromthe

t her mal tr 2iTSHERs freRY'ce gTRiPSTRER >’at &4 e{ﬁ“‘ E?&tc’r‘i‘&de may be formed, for

exanpl e, by dep@ﬁietéxgﬂpgof% tHARRHELEMBCh A% G m nEx’?tCt E@Furﬁyﬂﬁiirs%tsgd and
patterning of the layer into one or nore ano or cat hodes usi ng

exanpl e, pteoforini & imolilaehievites siuhi aﬂuaacm&(br(ﬂasmtdeom 4 a reZep-‘torlJN s86ﬁ3
During ima transfer eI enent is |caII brought into

%ﬁpg t he ther nal ﬁ%

intimate c dbe Hiapsferdayes sayiinglude all ofithg ’é)éf’é’é nacgdpIqr kg Wé@r PS¥8sure or
vacuym are t ont act
W t hqu he r%@ﬁ’%oﬁ" 9,1,9&5,&% P ootr?llgsmoééera? ﬁ{ehﬁ%htgegg&tp ak{}v a{&’ E%a&b&c | ayer
(and/ or ot hmv:deayﬁm]k résepiody the Pegt bﬁﬂtbaﬂymmea@wlmed Jn 1he t&nsfer lay@@gew se
fashi on (e{{?t |taII or by anal og exposure through a mask}wpo perform
i magew se aﬂ@f'é yoc?net%énqrﬁémrsaf tbw@we pfmwhée\meﬁmlpe irang éronleq enent

such s o PReResPOERIeL Uy e LREL IS ohen AgbBIsRT0 VY nafluri o™

nul ti conporagétis ukesf fofm eRiyta si g[)alayaedmé adiiv@BspREveH&TBIdr d singdebiect i vel y
10 contacted with the heati n enent to cause thermal transfer of a

port 2®n of mtlh@kt lagersdfan iteqyes eratbcroa deviee. tQneeadyantagerof using aamutiegmponent

mbodi t th | t | ud t.hat
Conver {  antTRITRC BREUPRER IS 3yt BR DD ok PR anHaracal pi cal |y,

the transf &{ara&é'ﬁsrtlck §¥ {h{éﬁd‘}é{sﬁer%ﬁmc&ﬁﬁor{e SRF ulit Emp%&@c@ﬁfvﬂ{eﬁ'tw any

of the other layers o transfer e errent as the optional

i nt er | ayerthandaltthensfed uhiT @ rémayst and] befqnaléﬁeetamed)ﬂumﬁgarmfer ohdividual er | ayer
may ellmnatef cgJ'educe t he tr nsf er, OL eéfg gHC Ia er to the receptor

andl or r edRsTei fdaers By Teiult Hdetsraptigrbinfezicss FW"(?H P¥f™Sthe transfer |ayer.
Prefegeably, und o the
LT ayer i s g el erpd dEAREToh R Beind K pARL 5 R b e ot Bt o)

| ayer. I n laperemayise, doceampi, aetleacsriv er omicelrdesiger Exampleeofisnelldévicest t enuat e

the level of inmaging radiation 20 transmtted through the interlayer and
reduce anynElRABE CU@"’FI‘iéC'{‘Mrfﬁ‘é‘PfseﬁaP@@FQfF dhodss, regtHiers 5H§¥@P"1!n&§“eef’tthat may

result fr i_nt of the txa [

[ ayer - ana/ BiPoyBeRRbdRaths TR B Ellort iR, bt pliohfor ARl
ther mal dammtmm.abrsmtaaﬁﬁmamm@m,cbmcmqam,garsl éhah%egwmeatmwst ive of
the imagi ng radiation. During | aser exposure, it nmay be desirable to

m ni B9 ze fxosu‘rammmtdfmuﬂmwrsﬁmkemrgar%cq:miut@r-mtaih@egmw condedtpt sacksf | ecti ons
fromthe i.naged nateri al $1IS ca |ISh b yarlos t hods. The
most  comoiATCSEATRS QIrFuts; PRQLeqeleqtors F‘V’r-‘r’ é‘ﬁe a‘f%@ éﬁﬁ’@sd'fo P her mal
ta~fer elernertt an the scale of the incident radiation as described in

U S. Pat. No. 5,089,372. This has the eflftect of disrupting the spati al
coherence of the incident radiation, thus mnimzing self interference An
alternate nethod is to enploy an antireflection 30 coating within the
thermal transfer elenent. The use of anti-reflection coatings is known, 27
2 4 JUN 2003 and may consist of quarter-wave thicknesses of a coating such
as magne5| umfl uorlde as descrl bed in U S Pat No 5 171 650

o " Y e



20 elenments includes a multiconponent transfer unit. Ezanples Unl ess

ot he~~. wi se i ndicated, chenicals were obtained from Al drich Chenical24 JUNZ2003
Conmpany (M | waukee, W). Al of the vacuum deposited naterials were
thermal |y 25 evaporated and deposited at roomtenperature. The deposition
rate and thickness of each vacuum deposited | ayer was nonitored with a
quartz crystal m crobal ance é~, eybol d Inficon Inc., East Syracuse, N-. The
backgr oundelpnens.filers (staantsidrdrpp &lersy gainpfitisningdilterse celeqfd Sltersoand thabikeloughl y
1 X105 torr gtlﬁ X 10' 3, Pa). The Iasaar transfer Sésteminc uded a ,CW
Nd: YAG | asBiTOrcBALES. cyPless: SBmAINRs JROTUkY Ot FNSORA §- By SRS HALIPEX BehitP T g
optics, an,emihGa sel i i l8ctAgan
ons. Tho EONAL Shfs h@Herdmeicatord A SO SRicl Safller fIIBURBET" S 26
2 4 JUN 208idestfatroglestsit devices, thin/fin ttefeaoncdgbin@idnadrepeal] Ghedlastridalln

hi gh gr eci siaon |inear gal vanoneter (Canbridge Technol ogy Inc., Canbridge,
M) . The |esductivgderigesdedcandefomadardluds, fyssexamplerelectipgdas andepngbeting er of
140 Itm at rgeem /e2 intensity level. The spot was held constant across the
scan wi dth™by"utilizing an f theta scan |lens. The |aser spot 5 was scanned
across the i TRgEmb&diinRAR othcriRleP yénin@ided PuliedBpsieneaander ubtahdt it het a
scan |l ens held the scan velocity uniformto within 0.1 % and the spot size
const ant tusedie firm at deast a-pgntion 106 A p3ssiFs anpitive Uevice. PAs paexample, inone
Substratel LTHG/ I nterl| ayer. El enen car bon bl ack |ight-to-heat conversion
Cayer v STISGPEL. b R RG oRudes f PR PO Feh ST RSB R G
accof@i ng thAnihall Radt twelhRr o hullByREEVREDThER G0 Wyl & tKEFHIIRRE Bbvibad
Coat er, I\/bdell gAG 350 (Ya)‘s%lrji Sei Iifmg , vBI oom ngt (o)n,}IcI I\I?f usi ng‘?% v

m cr ogr awadienglorresffond8a twellayees ofdled transfoeltayen. dealis exanfpl§@nealfitledbyaretias per
lineal inch). 15 Table. 1 HC Coati ng Sol ution, Conponent Parts by' Wi
Raven 5 1orgsd by eruSeap bk "bI%OéFBR‘PB%thWISf?f&IPéi’I i Ay o AL AR
Cheni cal S acAtdsatoRdu@MLUbrRE it cipd SupeRBh YK DillkhRlng! §idbnepvai | abl e
from 10. Gfgnsgn; 0, _uSt . “Loul s,n IE/CD) ogs’ralcrpyl ™ dEt37¥’( acréilii Co es!ill%ncgvai | abl e
from S. C. mwtiplying, light tSbtucingRagi, heminsatingvight emifting, H6€es¢iagror i ¢ resin,
avai]able froml1Cl 9.42crylics, K WIm on, DE)isperbykTM 161 (di spersing
o 150 nlBFRor 35 A OR ERaduCnaa RO BGPTSR L i the.soige apPLEN iNeht cal
sur fact antpaq y@g% : i hain i e ¥iand 15 ;

novol ac acrE;/I:bat e &gé’gi"f"g‘%rg’ Q%Prénlu%fml@@g %arg,dﬁndﬁ%ﬁgﬁ,ﬁ(ﬁmwby

SC) r gacur atansfer of (B6 Mmulfiduipanieit tragsfagedit is apsthed atil€laléroon anl dpzthtidhSiaeral t y

Chem cal s,,. Tar[yt o‘m, NY) rgacureTh' 184 (photocuring agent, available from
G ba0. 14S8k®i alayg 1333 ap Insitings GIRAUCHNg] sepacondycting) SNepEmduEtnBy | ene

I I i 78 4, 1 - e - @- t hyl
Pt one a5 ks RURE 6 ARENAL fumokel Hath pldlEhEREY, BBLARPOL pllosbhGelbiie)”) "
m 20 usi eipcaofrpsidoningybdle prodibiag) lighb8B3obi}) réfleaing Miffraictingg plsass retanding, t ed

wi th Hbul bs (Fusion YW 5 Systens, Inc,, Gaithersburga,( MD). The dried

coat i ng haBRUSTING] dixReEdRg, oF dHRIsMG:laYeRInahs deyige angfor asp dayshiiat Prodiessidle car bon
bl ack coat| daht -t Q- by er sj. I r I rhe coated
bk, Conbb 0l ool g b B RShe SHMG TN R LR A BUAE, oL
Lab Coat efusedModRlm @AGHidRA atti@sSlyersfididr operatiol PREFsNEY VBl ad, hbn-opBiational
coating.was in-line 1o dried (40 C) and W-cured at 6.1 mfmn using a

Fusi on Sy dayerss(i.kp thytrsitBgGlo(re0 Penfiinng fuhitianaid the operatidmudfbe ddhee, buti wkness of

Ergglzrée;u: &?I{cg\%egl{;gq?reg S{enéo gtgiii{}?q V\qlapssfeggp £ ?r)érilsr}?rtu%;%o :zli're?c;e’pltldr’ s’ubstmtg aru?cpgx) ) 15
adhere the transfer unit to the receptor substrate.)
The transfer layer may include an adhesive layer disposed on an outer surface of the
transfer layer to facilitate adhesion to the receptor. The adhesive layer may be an
operational layer, for example, if the adhesive layer conducts electricity between the
30 receptor and the other layers of the transfer layer, or a non-operational layer, for example,

if the adhesive layer only adheres the transfer layer to the receptor. The adhesive Jayer may
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Conmponent Parts by Wi ht Butvar TM B- 980. 98oncryl TM 67Z. 95Sart orer TM JUN 2003
R351'""'" (trimethylol propane riac |ate, avail able from Sartonec, Ex{Zén

PAlI 5. 75r gacur eTM 3691. 38rgacure' M 1840. 21- net hoxy- 2- propanol 31. 5et hyl et hyl
ket one47.24 30 2 4 JUN ?.003 Exanple 2 Preparation of another
Substrate/LTHC/ I nterl ayer El ement A carbon black |ight-to-heat conversion

| ayer wabge forefednsigbor eRahploghtmplaetid polymerslihticdiog abndugtifgodrd nodn,

according to Table 3, onto a 0.1 nm PET supbstrate with a Yasui 5 Seiki Lab
Coat er, FBeictimgpplymers yenductingand nomeondstins filled peliimersngnd{pricegducting

' |1 of .. . 6 _hel i cal | | | I hegl i gal |1
N real + Sk pbiPsnfticnas fnpeiand Bordls ol R s R GRbbE B Ee P el
LRaven' ' paiyfifindd bISHEHHBAR, BhIgGKeRIGERRIIeAAY ol abagnetBa dirunbi an

Chemical s, "Atlanta, " GA)utva (‘pol yvinyl butyral resin, available
f r or§0. 67 cosductive ofgianiclmatérials $vch anthogd Hstkdbin Hadbydk of CarluctivedMalekuled e f rom

S. C. 2. 02ohnson & Son, Racine, We)isperhyk''''~ 161 (di,spersi&g ai d,

avai | abl éﬁé@bﬁl@w&&a@ﬂﬁ%,s-mvmﬁ 5 &ptm, Wiley aendsSams; Chichesigh £ 5B7dni cal
surfacta i : L [ hyl .0l pr opane
T aoryi St Aba i SLAA L xihplet Bt hujallh Siduint dineabls TR B

( 2- hydr oxyntainifgf dayionlbladke pitphite, Litédine parioslateihdibmitin dxidel Glérafife/ &itingddlye from

G ba, awt hor ne, 1- met hoxy- 2- propanol 27. 59et hyl ethyl ketone4l.38 The coating
was i n- | tRexie; arf eammercilly availaty materials fram gompanies suchuas Nepophesgsi on r

S 400 W i i i tted,with Hbul bs. Th
a1 o ol PRtk Bl o I o NSRBI " 15 nro t no-
carbon bl ack cuttiaRsfeflayéiifay dlshinclhi@e HAddase &wrediﬁo@éaT&g?hs suMRsR dfehegr awr e

coated an Interlayer Coating Solution, according to Table 4, using the
Yasui Seittensfemlay@ahates in ddnthel withthelsat of ViacsthiernSe triansfGoelemdt.oAsidaspribed 111 .

R AIAE R SR R EI
H bul bs. ' : | £y ' | |
ul bs. yHeref f%yﬁkd?%ﬁﬁstm iafi{P 81l BP?&? ré}bd&?é&yﬁi @5}{ ?eYﬁ'ir} ﬁ'ﬁm}legg%#}ﬁ tgra.lggfrut o

; 1
approximately 177~",," (mTtTrons a nterl ayer
ConjfonenteRanent upgn tdrisfdrwf teertfansBr Rger. italsle yélease 14y2R. a8 &Reribed above.

351, T"15. 84ur re'"~'" 11730, 991- met hoxy- 2- pr opanol 31. 68et hyl et hyl

ket one47. 52 E%gﬂﬁugh @eﬁf"ﬁ’ﬁéf @y%ma)abﬁr@%ﬁ%wt&@rsaverfokmﬁt willi be yngeigtaoder nal
donor el REANY | t : - appl yi ng
coati ngs T PCh et BpiE o AFRRE P ik BP R ma BV BRuR LR RERpIIGRED 01 CF
acryl i c momporent{ d/erantleple’ usein 16e ddvice. Acwill dlsoshe Uhdkrsioad tthe, atDEgst inas

applied to the . ) .
some embodiments, two or more discrete layers may be melted together during transfer or

20 otherwise mixed or combined. In any case, these layers, although mixed or combined, will

be referred to as individual layers.
One example of a transfer layer 170, illustrated in Figure 2A, includes a conductive

metal or metal compound layer 172 and a conductive polymer layer 174 for contact with a
receptor (not shown). The conductive polymer layer 174 may also act, at least in part, as

25 an adhesive layer to facilitate transfer to the receptor. A second example of a transfer layer
180, il)ustfated in Figure 2B, includes a release layer 182, followed by alcoﬁductive metal
or metal compound lay;,er 184, and then a conductive or non-conductive polymer layer 186
for contact with a recebtor (not shown). A third example of a transfer layer 190, illustrated
in Figure 2C, includes a conductive inorganic layer 191 (for example, vapor deposited

30 indium tin oxide), a conductive or non-conductive polymer layer 192 for contact with a

receptor, and an optional release layer (not shown). A fourth example of a transfer layer

18



i nterlayer of the thermal transfer elenent using a 5 wt. % aqueous soz:itj (RI%(B
of poelynmer with a #6 Mayer bar. The coating was dried at about 60C f U
about 5 mnutes. A SO0 ~ (50~~ 15 coating of gold was then vacuum deposited
over the acrylic polyner. Another coating of acrylic polynmer (Elvacite ~"~'
2776, 1Cl Acrylics) was coated over the gold layer by applying a 5 wt. %
aqueous ¥, iltustratedfin higuyeD, aonsibts of #enultilgysr metal stagh 9 ofaliernptingmetls ed at

about 60 about 5 mnutes. The sanple s imaged anto a gl ass receptor
Gong o [Vhdas Sehns Bplbmitos-goid s dncorulive LB condhihe ot lber o
the pol y&y f %f%&%ﬂﬂﬁ@ec@ﬁr{r ansfer layer as O-mcron~wide lines with
excel l ent edge uniformty. anpl e 4 Transfer of

Pol ynmer/ Ti nl Gol d/ Tin/ Pol ymer Film A thermal donor elenent with a

mul ti conponent transfer |ayer was prepared by 25 applying coatings to the
sub&t r at &ransfer layesdey pm ML Dewsent of Exanple 2. A coating of 32 2 4

Lo thet nter eianies i bwlRaPSiehCiranster wolt i R & lseflf RorkiSF pr 4FORECD o
sol uti 0ng&%arﬁ@élﬁé%luﬁﬁﬂegbeﬂt)%w%)%ﬁvé&%%n mﬂagat(vfépﬂmﬁm&ag%kﬂﬂplggﬁyéri ed at

about 60C Tor about 5 m nutes. A co~of tin was vacuum (.
deposi t efbrontiompf af adtive dedce/tising ptieymatrangfesdoment ain-atdeast sque Wstapeest hen

~ ~ ited the tin. Then, d 5Q0.c~f ti
Vacutim qBbDEL e naluies ot e Sa et ChaIERG o ReRg TS pBRYIR
(Elpgaci t gerweds Z@ath#:@ afin/drogs) El’égﬁglgsr &ﬁ/g;?/rg?ﬁjebﬁ%ﬁo- t‘hﬁ organic3el(¥) f6mane W - %

aqueous solution of polynmer wt The TCoat1’ng ‘was dried at
about 60€xthode ahicholesmreinjattedisntoithe otdasicrimjer(sy fors filer areldenAstheinjectednged ont o

a glass receptor using a |inear s a&ﬁspse ~f 5.6 mMs. The result was a
uni f or m FRAABESIBIBTAE towards thelopresitety diegase dlactradesolngyaiay Feqombing to form

70~ni cro ] | ] ' | t
Tr anspor FEirer nefe s Wl AR B b P AH, ThosFERTRE cr ctBll,
el ement g SpecioE tndydniiterieRgy ihIhsfopmtoraighy dsthigrdec sy bazl e a groumdntatof Exanpl e
1. A hole transport coating solution, forned by nm xing the conponents of
TabPe 5, (skasfor exanenle.chtTsutshie MIRS Builetins 22, 39-1% (12975 inpatparatpd heremly coat i ng
was dri eﬁefér%ﬁcéo mn at 60C. Table 5 20 Hol e Transport Coating Solution ..
"o~ VT~ - 00 - =~ "~t~t (:) N, N -bis(3-nethyl phenyl)-N N - (
2.5 di pheny| banmtdiivieexaalples of ORI A8 dacedofistructios ifidGHOmMBkaTIMEdispedsedS
propyl ene glycol nethyl ether acetate ~ 97.5

polymer devices where charge carrying and/or emitting species are dispersed in a polymer

matrix (see J. Kido “Organic Electroluminescent devices Based on Polymeric Materials”,

20 Trends in Polymer Science, 2, 350-355 (1994), incorporated herein by reference),

conjugated polymer devices where layers of polymers such as polyphenylene vinylene act as

the charge carrying and emitting species (see J. J. M. Halls et al., Thin Solid Films, 276, 13-

20 (1996), herein incorporated by reference), vapor deposited small molecule
heterostructure devices (see U.S. Patent No. 5,061,569 and C. H. Chen et al., “Recent

25 Developments in Molecular Organic Electroluminescent Materials”, Macromolecular

Symposia, 125, 1-48 (1997), herein incorporated by reference), light emitting
electrochemical cells (s'.ee Q. Pei et al., J. Amer. Chem. Soc., 118, 3922-3929 (1996),
t

herein incorporated by reference), and vertically stacked organic light-emitting diodes

capable of emitting light of multiple wavelengths (see U.S. Patent No. 5,707,745 and Z.
30 Shen et al., Science, 276, 2009-2011 (1997)) herein-ineerperatod-byseforoncon
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(PGVEA) 33 2 4J UN 2003 Exanple 6 OEL Thermal Transfer El enent An CEL
thermal transfer element with a nulticonponent transfer |ayer was pr@&pafiddi0l
by applying at' s to a substrate/LTHO i nterlayer el ement fornmed according
to f~H~~ Exanple 1. A 200 ~ | ayer of copper phthal ocyani ne was deposited on

the interlayer as a ~ ~s~~ sem conductin rel ease |ayer. Next, a 250

| ayum num was deposited as a cathode ,, layer. A 10 A | ayer of | ithium
fluori de was de &uet@bl@rcxm@leanfamamfm laxes200 for feouingan QEirdeW:el iayer of
tris(8-hyd:

9ui,no at Q) 0Si S ectron
transport IPLlf ted i Ewe?i'éi atllrc @'QO In¢ iv% g qcf"%ﬁ ﬁgle?ranspon
N, N-bi s(3- l’ﬂ?y%hﬂ)zp%ré‘!’é&trdﬂ ﬁhrﬁb&ﬂ@rﬂﬁie‘?%éﬂ Eb6n§nc{£r Pﬂod%@deﬁ%]@%ﬁ@ﬁbl&eﬂtlﬁﬁ a
hol e transport |ayer. Exanple 7 Preparation of an OEL Device A receptor
substrat e tie gitlxlke aanededambe providdd sepatately or ladeceploT(}) g{ ad9cBlistjvar e, ~5
Thin FEilmDevices |nc

dt th d f the OEL

devi cé. Fi Fe%tm&%th%r—%em3ﬁ%59&ﬂ%fé%fer e élné%tﬁf' a,gg s%s%ﬁnfgre@ Was
d t )

ool or ", Pad QIS AR 1yl 205, 8 %3‘?1"'1%?*@@%&%&@%é%gﬁfﬂ%ﬁ% I,

t he transfe.rzthltayermnﬁkdhyafmme thermal transfer elenment was held in 20

intimate contact with the rece(g’p in a vacuum chuck. A |l aser was directed
to be incident J@@r\raﬂln@réq)*ssw @@ﬁfd@ctvﬂepn@ortm@rredwera; sughsasarrelepseriayer s .

h f
{Fanst orr o8 et qotal FRRNERR 21, B lreh G MRS BT BL B BB B TR B0 nes. The
fi naljoOEL ﬂ&\égfb? Eithedof @e6d Svd lé‘yerri‘@anft@doﬁm&lge BbIgRErsh rf&mta:erélécmdapttom

25 Al um num Cat hode Lithium Fluoride ALQ El ectron” Transport Layer~Emtter r
TPD Hol e Tramtsgtorith uayeduc(ti‘veduyerGELstxtuhmremﬂ\ tlterremgfoemr ebraduetive layfé3) Hirined

Recept o absepue 515%%‘%'8@@% B el P gereoR mh s oSk OFHR! e ¢ Atbde. and
) UL U SIFLeDi e Sl I I GG
function ofayehe applied pot ential (voltage) which was
15 The anode 202 and cathode 208 are typically formed using conducting materials
such as metals, alloys, metallic compounds, metal oxides, conductive ceramics, conductive
dispersions, and conductive polymers, including, for example, gold, platinum, palladium,
aluminum, titanium, titanium nitride, indium tin oxide (ITO), fluorine tin oxide (FTO), and
polyaniline. The anode 202 and the cathode 208 can be single layers of conducting
20 materials or they can include multiple layers. For example, an anode or a cathode may
include a layer of aluminum and a layer of gold or a layer of aluminum and a layer of
lithium fluoride. For many applications, such as display applications, it is preferred that at
least one of the cathode and anode be transparent to the light emitted by the
electroluminescent device.
25 The hole transport layer 204 facilitates the injection of holes into the device and
their migration towards the cathode 208. The hole transport layer 204 further acts as a
barrier for the passage of electrons to the anode 202. The hole transport layer 204 can
include, for example, a diamine derivétive, such as N,N'-bis(3-methylphenyl)-N,N'-
diphenylbenzidine (also known as TPD).

30 The electron transport/emitter Jayer 206 facilitates the injection of electrons and

their migration towards the anode 202. The electron transport/emitter layer 206 further

20



continuously swept fromO volts to 10-30 volts. At one point 701tA at 10
volts flowing 5 through a 42 mm x 80 pm devi ce was measured. This 24 JUNZ2003
corresponds to a current density of about 2 mA/cne. The current density is
well within the normal operating range of small nol ecul e devices fabricated
directly onto a receptor substrate using conventional techniques. 10

Exampl e diol e B nERSITRL ofiARY) e GalIRABRDEATiicfdhectiofr el t1 ansf er
elenent wth a nmulticonponent transter |ayer was prepared by applying

coat i ngstranspaert/smiyter e (6TsiGfeh éortnay éomed merhthefate pampebndc awhas,fgr t o

Exanple 1. A priner solution A according.to Table 6, was first coated
usi ng a ¥xempls, WE%PYQTQHQUW@“M‘F“HE{“&&&%H ed at about 60C for about 5
m nut es. Tablg. 6 ' i - NG T S ~. :

Tyt 9+ TP PhdinfeHaBPbecRBer i Wle ransport ayer 208 hid it tragsport/emitter

.. -5 . . layer 206 forms a barrer-for t-he_-pass'a%e of holes-and electrons and thereby createsa. - . . - .
PVP K-90~~(pol yvinyl International Specialty...... . ~~~ ~

2pyr r ol i indelelprracnecomnsbifmioprrone mng provides an-effipiont @gme%&}aﬁﬁbﬁ@éﬂtw_ .
N ppon Geliee! SO 2 o 0T LS00 SRR e 277

(di met hydrgishemer mht Beaifkdhi S&Qrs%ymétaQKiX%dW%ﬁ%edéﬂ ffdeftUplinniszed
wat er-150.4 (20~w, ) 20 A 200 A l'ay~opper phthaloc "atn~i ne was deposited
as a sendamantu therelectrenemssport/enitteinlayen266 (see Q. ik Qhenreal.,, fRecentNext, a 250 A

ay9_er al um num wgs deposited. as a cathode ! ~t,y;w-, |ayer. A 10 A ayer
of 10 £ 1 ni Deva R e WBle s e R E FG OB SR Mrttria R actticiimtir | 202 %5

.o ) Q N = Lol i nat o) al unvnum (ALQ
was depo%}lzﬁpe%sgégzﬁa—g? Q?tyr n transpbrt O Fayer. Finally, a 200 A if

N, N- bi s( 3- met Oyliep 081y mpkildyd dévideeonithetisnsdhanebe tFdrisfeYred uXing diffsenteposi t ed as
a hole trangport layer. 5 Exanple 9 Transfer of a Partial COEL Transfer
Layer t off8nSgrdayers %Gbﬁ?l'ét‘éggﬁ‘é trapsnogting layen 394 maXigurecis pruld glsabe an pj ece

e 00, Ten e Wy RO hRE BB BP i W e Tkl iR | ™

tr assf er lagéredtsndouldfbefooaibiled istowas ldysh damthenhdre! iseph@tedrhidter layer coniibd he OEL

thermal transfer el enment of Exar’rBI e 8 was imaged onto the hole transport
| ayer. Interposed between layers 204 and 206 in Figure 3A

-

The multilayer unit can be transferred onto a receptor to form OEL devices. As an
example, an optical display can be formed as illustrated in Figures 4A through 4C. For
example, green OEL devices 302 can be transferred onto the receptor substrate 300, as

20 shown in Figure 4A. Subsequently, blue OEL devices 304 and then red OEL devices 306
may be transferred, as shown in Figures 4B and 4C. Each of the green, blue, and red OEL
devices 302, 304, 306 are transferred separately using green, blue, and red thermal transfer
elements, respectively. Alternatively, the red, green, and blue thermal transfer elements
could be transferred on top of one another to create a multi-color stacked OLED device of

25 the type disclosed in United States Patent Number 5,707,745, horoi-inoorposated-bye
+eforanca, Another method for forming a full color device includes depc;sitiTng columns of
hole transport layer material and then sequentially depositing red, green, and blue electron
transport layer/emitter multicomponent transfer units either parallel or perpendicular to the
hole transport material. Yet another method for forming a full color device includes

30 depositing red, green, and blue color filters (either conventional transmissive filters,
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In each transfer) the transfer |ayer side of the thermal transfer elzlegg@ﬁ 2001
was held in intimte contact wwth the receptor in a vacuum chuck. A

was directed,to be incident upon the substrate side of the thermal transfer
el enents. The exposures were perfornmed so 15 that the two layers with
correct registration. This produced 120 umw de lines. The final

constr Ucﬂdo@éhcé}ﬁ%def%%’ 8f ﬁxds@nér?ﬁnfd%érp&p@ﬂtiﬁ’% A8RicombORent fRndfQ AR t OM)
Al um num Cat hode Lithium Fluoride ALQ El ectron ‘Transport Layer/Emtter 20

TPD Hol ecotresprayongtto vehitedight orobtueight Emitteral Tr ansfer El enment) TPD Hol e

Transport Lay (fromHole Transport thermal transfer el enment) PE] Receptor
25 descri bed ?ff@?“%%?hﬁmg%‘ﬁﬁﬁﬁﬁmlhﬁ@&aeﬁw RYST (9% shova and s pect

| nvent | Qs d Bleblot Afhed ihd thefrif 1ALBCRGTkrf LA 0Pa ol SOURIO Jorge

equi val ent protesses, a as nunerous structures

mays be oghpéticoatedavithi the apgoptadittaysfaniaydre The b dfMaser lightton@tiRf indilar whi ch t he
present invention is directed upon review 30 36 2 4 JUN ?003 CG- | ~S: 1.
A t her mlight-emiténg poustesifortranstaring tiepydevices pesmits shecformatipncofinemawrlioes | ayer

i Si | tipl bl f. bej | ivel férred
2oumi ¢ ro s eSS B PSR LRI e, e B efCrobese PR Penst &
first |ayed t@Bde@ceS@g&&@'n bﬁbﬂértra%fexa]aﬂlwGnith@bé%éptgﬁ\fﬁ&@dzingt %@ﬁﬁ;t]d')rrsﬁﬁat ngayer

configured and arranged to conduct a” charge carrier. 2. ermal transfer
el ement beomgteissn tapgtheandddth at e; and a transfer layer conprising multiple

cogponents c bl e of heing selectively transferred ag a unit fromthe
t het mal tran??@? e’&"&%ﬁ‘f'Stfagesanr"éEéﬁ?scﬁf uging fhsrt ’H’(a? fransder elementss Fof 3y er and a

second | @fipled thethuffitef bf BRUELsHE W1eb8 cart Bireliced us babiPAred R\ daitHiRftaP N

arranged to produce a charge carrfer ermal “transter elenen

conpr i si piptolahegrbptyrmétbodsdredamse mianp of dre liyeyseof eacPELsdenige are tiansfeered
conponent,s cggabl e of E}ﬁi ng .selectively transferred as_a unit fromthe

thermal gk QFSIbITéﬁ]?Er_ an Bsipg F’@B@ﬂﬁ %Fh"éﬂ)aﬁdd'ﬂ%ﬁl%g tepssdn &‘_iﬁ“ii% mytpler and a
second | gygles 9&% Bar{yrllst Jah gggFﬁa?egimsﬁ% thé Is@ﬁnef i}nragi%g Ihgycﬁxtarg Qm])" fid rﬂ?e@m?tpd

arranged to emt or pro
15 transfer element needs to be changed for each of the different devices 302, 304, 306.

Transfer Layer for a Field Effect Transistor

A field effect transistor (FET) can be formed using one or more thermal transfer

elements. . One example of an organic field effect transistor that could be formed using
20 therma! transfer elements is described in Garnier, et al., Adv. Mater. 2, 592-594 (1990),
1Rcorporatod-horoinbirelorsnce.

Field effect transistors are, in general, three terminal electronic devices capable of
modulating the current flow between two terminals (source and drain) with the application
of an electric field at the remaining terminal (gate) (see, for example, S. M. Sze, Physics of

25 Semiconductor Devices, 2™ Ed. Wiley, New York, 431-435 (1981)) incorporaied-hereinby

. . . T
sefsrenca). In one representative construction, a field effect transistor consists of a

rectangular slab of semjconducting material bounded on opposite ends with two electrodes
— the source and drain electrodes. On one of the other surfaces an insulating layer (gate
dielectric) and subsequent electrode (gate electrode) are formed. An electric field is applied

30 between the gate electrode and the semiconductor slab. The conductivity, and therefore
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4. A thermal transfer element conprising: a substrate; and a transfer |ayer
conprising nultiple conponents capabl e of being selectively transf er}éduégﬂm
a unit fromthe thermal transfer elenent to a receptor to format |east a
first layer and a second | ayer of a multilayer device, the first |ayer
configured and arranged to wavegui de light. 37 2 4 .1 UN 2003 5. The
thermal &irrdms A6ly, BAtReBI{he 366RE dhd Bralreleitdvded is ebatrdTRed by tHe palarity@afd 4, wherein
at | east one additional layer of the nultilayer devicé is formed by

t r ansf er stremgth ¢fthe patesipdulat oragesfieandietyefieldr om t he thermal transfer el ement

to the receptor.. 6. The thermal tr f el enent Qf claimb5, whereln,the at
| east one addﬁt‘? #sposs W‘G’P“ﬂféa%fdt‘%e%ﬁéq‘“smﬁﬂvﬂ@o%a gﬁgi‘ﬁspléwéd%ﬁiq ween

the firs . I nt
hecor d ne ahuaR chfi e ARERRRY VAN gud ledi Rl URISRAOAIGig FoftE
i gt - t oTheaénduelivg itween By edurekd aitiodieid chetrodeiis ddulated by vaiyingahel t he
transfer layer. 8. The thermal transfer elenent of claim?7, further

conpr i si pejanty dndistrength of theigstasssadcanduaiertield whichicgntrols thedepletion regionsaton

| ayer ang the transfer layer. 9...The thermal transfer .el nt, according to
any of Cﬁxgigﬁge/frm%ndggto H%erfﬁcemﬂgpw qﬁ%’ﬁ?’&ﬁ%’f @M’ﬁ@]&r&g%? %? | east an
em tter MPSYEPSAFET, $hE4 SERRBnARYG FRIPS TuhEinSIer rés?e&ibﬁy&&%%?or- 10. The
thermal transfer elenment according to any of clainms 1) 2,73, and 4, wherein
t he mul t exanype, i Sze, Blysizs iof Semmondiictar Deyiges, S"CEd.r Wiley; Nesw Yok, 312-324he

t her mal %r@nif,er element of claiml, 2, or 3, wherein the first layer is a
conffuct i 199 1)) AR rAte et eIt It ® conduct i ng |ayer. 12. The thernal
transfer el emppl i 2 ¥ecGbdd ddi 3, @gnig WMeESrehdy t he
second | ayer 1Is %ﬁ??gﬂroggoéﬁa%?r{rgr?éeg@dtsggaéoglgﬁegtt&oapapro E‘(’:e arch rge
carri er be irfloemuedisevergiparaniers irRluinglddn2@iRity Felidbliizy,teheetron laffinitg fefnsir

el enent ?ccordi ng.to any of clains |, 2, 3, and 4 - ..
evel, processing compatibility, device application, and cost. For example, in general, it is

advantageous to select a metal with a low work function to form an electrical contact with

15 an n-type (electron conducting) semiconductor.

An example of the formation of a field effect transistor is illustrated in Figures 4A to
4D and 5A to 5D. The field effect transistor is formed on a receptor substrate 500 upon
which electrical contacts 502, 504, 506, 508 have been formed, as illustrated in Figures 4A
and SA. The receptor substrate 500 is typically formed from a non-conducting material,

20 such as glass or a non-¢onducting plastic or the receptor substrate 500 is covered with a
non-conductive coating. The electrical contacts 502, 504, 506, 508 can be formed using a
metal or a metallic compound, such as gold, silver, copper, or indium tin oxide. The
electrical contacts 502, 504, 506, 508 can also be formed using a conducting organic
material such as polyaniline. The electrical contacts 502, 504, 506, 508 can be formed by a

25 variety of techniques including photolithography or thermal transfer utilizing a thermal
transfer element with a transfer layer of the particular metal, metallic cor.npc;und, or
conducting organic material.

A gate electrode 510 is formed between two opposing electrodes 502, 506, as
illustrated in Figures 4B and 5B. The gate electrode 510 can be formed using a first

30 thermal transfer element with a transfer layer including the material chosen for the gate

electrode. Suitable materials for the gate electrode include metals, metallic compounds,
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further conprising an adhesive |ayer to facilitate adherence of the

transfer layer to the receptor. 14. The thermal transfer elenent of thkailthli0]
13, wherein the adhesive |ayer conprises a conductive polyner. 15. The
thermal transfer elenent according to any of clainms 1, 2, 3, and 4, further
conprising a release layer to facilitate release of the transfer |ayer from
the thermal transfer elenent during transfer. 16. The thermal transfer

el ement of cohdistingPolwshersiilledatolyrests tand comryucting inks. Eheenpl@mfmemaég/@r thes

conflgured and arr o transfer wth the transfer 17.

Chernal " tr #A BB SR SRt P miResathon o B gt Helyifingnd
confi guredcg,%nqﬂgﬂ{r}gpeqﬁo h&QRI n substantially intact Wnen the transfer
| ayer is transferred to thHe receptor. 18. The thermal transfer el enent

according to anyA ghtedhsilatin layer3,12whe b e¢micorductor dayef £14 iraf@meﬂmvasthatgaﬂeeast

a sem conduct or er and a.gate insulating |ayer upon transfer tq the
receptor . fb?c"?ﬁé if%e@srﬁapwwaﬁws%ﬁmgshesem ars Sgned C@nrbetfwed

transfer | t

transter  D0Re el Fsrn g EREEN AATRES B S BH APTERIRG o
organi c el g@htfef UMt MRRCAThslAKA8y P Anda E@ﬁ@&ﬁdﬁ&%r%@pm&'%% inSulhtiiy layer
following order: a substrate; a light-to-heat conversion Tayer cont al ning a

5 ajl at2 |0 83 éb%@abbg f¢mred05mge¢r‘gam90_t |ngrga?elnmugyom,muhbassnlg{wr@y?dc}anﬂic@9 f2 4
~ a. transfe rising at, | ea erational |ayers o

t he organi &1 Bfi‘éc‘f‘?‘é{uﬂhP%g ﬁgﬂag‘iﬁ?’&'gox’é? P?fYé"’Fﬁ%PH&FmFra&Wé’f@W \é’f%/:errent of
cl ai n20, %opehg/ r‘f; NG1aAL aﬁdaﬁﬁfrz, ﬁtsayer féi@t E%L%aﬁ m;ﬁne??ﬁ@%g]@ega n(s'ufa?ﬂig

el ectrode layer an emtte tran I"ement
claim 21, Wyersihay bhiflléd wibheinsubyiag nfatﬁnhhﬂxrch@oum'raﬁseﬁhca raaidid el ectr ode
| ayer and t he emtter | ayer is di sposed between the first and second

el ectrode | ayersl ezsmmnﬁﬁ@tﬁb&yeﬁ51t4rcan§ﬁé¢rqugisagmatmwdmgmc transfer

\IMa%/ﬁr at ?hgrsérrrg% F{hgc{;]% ESF\Icgla@&@ﬁgﬂégﬁeﬁﬁsgSgﬁg?\[xébﬁscttﬂ%{)hen%gtp%?yph@r%rlva}nyrlgn%gpt or
polyacetylenes, metallophthalocyanines, and amorphous and polycrystalline silicon and

15 germanium,

Finally, source and drain contacts 516, 518 can be formed using conductive
material, such as a metal, metallic compound, conducting polymer, conducting ink, or
conducting organic material as described above to make two spaced apart connections
between the semiconducting layer 514 and opposing electrical contacts 504, 508,

20 respectively, as shown in Figures 4D and 5D. The region 520 between the source and drain
contacts 516, 518 forms a channel of the field effect transistor. The source and drain
contacts 516, 518 can be formed using a third thermal transfer layer including a transfer
layer with a layer of the appropriate conductive material. It will be recognized that in many
field effect transistors, the identity of the source and drain can be interchanged from the

25 device illustrated in Figure 4D and 5D.

An OEL device 600 and field effect transistor 610 can be combined, for example,
where one of the electrical contacts of the transistor is also the anode or cathode 620 of the
OEL device, as shown in Figure 7. This combination allows the field effect transistor to

control the operation of the OEL device. A display unit with this combination can be made

30 using, for example, three or more thermal transfer elements to form the field effect

24
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as photolithography, diffusion, and ion implantation processes. For example, a

20 conventional waveguide can be manufactured by applying a suitable optical material onto a
substrate, typically in a sandwich form, resulting in a core region surrounded by a cladding
region. A photoresist material is then applied onto the sandwich and patterned by a
photolithographic process The pattern defined by the photolithographic process is then
transferred to the waveguide sandwich by an etching process. The substrate with the

25 etched pattern is then cleaned, which removes the remaining photoresist and leaves the
resultant waveguide on the substrate.

An optical waveguide can be formed using one or more thermal transfer elements.

For example, thermal transfer using thermal transfer element 100 in Figure 1A wherein
transfer layer 110 comprises three layers of polymers of suitable indices of refraction could

30 be used to form a waveguide on a receptor substrate. Since it forms the core of the

waveguide, the central polymer layer of the transfer layer typically has an index of

25
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element. This metal anode or cathode may be formed, for example, by deposition of a
conductive layer on the receptor substrate and patteming of the layer into one or more
anodes or cathodes using, for example, photolithographic techniques.

30

Operation
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the thermal transfer element in intimate contact with the receptor. A radiation source 1s
then used to heat the LTHC layer (and/or other layer(s) containing radiation absorber) in an
5 imagewise fashion (e.g., digitally or by analog exposure through a mask) to perform
imagewise transfer of the transfer layer from the thermal transfer element to the receptor
according to a pattem.
Alternatively, a heating element, such as a resistive heating element, may be used to
transfer the multicomponent transfer unit. The thermal transfer element is selectively
10 contacted with the heating element to cause thermal transfer of a portion of the transfer
layer according to a pattern. In another embodiment, the thermal transfer element may
include a layer that can convert an electrical current applied to the layer into heat.
Typically, the transfer layer is transferred to the receptor without transferring any of
the other layers of the thermal transfer element, such as the optional interlayer and the
15 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
transfer layer. Preferably, under imaging conditions, the adhesion of the interlayer to the
LTHC layer is greater than the adhesion of the interlayer to the transfer layer. In some
instances, a reflective interlayer can be used to attenuate the level of imaging radiation
20 transmitted through the interlayer and reduce any damage to the transferred portion of the
transfer layer that may result from interaction of the transmitted radiation with the transfer
layer and/or the receptor. This is particularly beneficial in reducing thermal damage which
may occur when the receptor is highly absorptive of the imaging radiation.
During laser exposure, it may be desirable to minimize formation of interference
25 patterns due to multiple reflections from the imaged material. This can be accomplished by
various methods. The most common method is to effectively roughen the surface of the
thermal transfer element on the scale of the incident radiation as described in U.S. Pat. No.
5,089,372. This has the effect of disﬁpting the spatial coherence of the incident radiation,
thus minimizing self interference An alternate method is to employ an antireflection

30 coating within the thermal transfer element. The use of anti-reflection coatings is known,
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In some instances, it may be necessary, desirable, and/or convenient to sequentially

10 use two or more different thermal transfer elements to form a device. For example, one
thermal transfer element may be used to form a gate electrode of a field effect transistor
and another thermal transfer element may be used to form the gate insulating layer and
semiconducting layer, and yet another thermal transfer layer may be used to form the
source and drain contacts. A variety of other combinations of two or more thermal transfer

15 elements can be used to form a device, each thermal transfer element forming one or more
layers of the device. Each of these thermal transfer elements may include a
multicomponent transfer unit or may only include a single layer for transfer to the receptor.
The two or more thermal transfer units are then sequentially used to deposit one or more
layers of the device. In some instances, at least one of the two or more thermal transfer

20 elements includes a multicomponent transfer unit.

Examples

Unless otherwise indicated, chemicals were obtained from Aldrich Chemical
Company (Milwaukee, WI). All of the vacuum deposited materials were thermally
25 evaporated and deposited at room temperature. The deposition rate and thickness of each
vacuum deposited layer was monitored with a quartz crystal microbalan.ce (Leybold Inficon
Inc., East Syracuse, NY) The background pressure (chamber pressure prior to the
deposition) was roughly 1 X 10% torr (1.3 X 107 Pa).
The laser transfer system included a CW Nd:YAG laser, acousto-optic modulator,
30 collimating and beam expanding optics, an optical isolator, a linear galvonometer and an f-

theta scan lens. The Nd:YAG laser was operating in the TEM 00 mode, and produced a
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10% () - was %e(?c{ oxgslant ggo%s tﬁe sée?n width by utilizing an f-theta scan lens. The laser spot
5 was scanned across the image surface at a velocity of 5.6 meters/second. The f-theta scan
lens held the scan velocity uniform to within 0.1%, and the spot size constant to within 3 um

(microns)

Example 1
10 Preparation of a Substrate/LTHC/Interlayer Element
A carbon black light-to-heat conversion layer was prepared by coating the following
LTHC Coating Solution, according to Table 1, onto a 0.1 mm PET substrate with a Yasui
Seiki Lab Coater, Model CAG-150 (Yasui Seiki Co., Bloomington, IN) using a
microgravure roll of 381 helical cells per lineal cm (150 helical cells per lineal inch).

15
Table 1
LTHC Coating Solution
Component Parts by
Weight
Raven™ 760 Ultra carbon black pigment (available 3.39
from Columbian Chemicals, Atlanta, GA)
utvar™ B-98 (polyvinylbutyral resin, available from 0.61

onsanto, St. Louis, MO)

Joncryl™ 67 (acrylic resin, available from S.C. Johnson 1.81
& Son, Racine, WI)

Elvacite™ 2669 (acrylic resin, available from ICI 9.42
Acrylics, Wilmington, DE)

Disperbyk™ 161 (dispersing aid, available from Byk 0.3
Chemie, Wallingford, CT) C
FC-430™ (fluorochemical surfactant, available from 0.012
BM, St. Paul, MN)

Ebecryl™ 629 (epoxy novolac acrylate, available from 14.13
(UCB Radcure, N. Augusta, SC)

Irgacure™ 369 (photocuring agent, available from Ciba 0.95
Specialty Chemicals, Tarrytown, NY)

Trgacure™ 184 (photocuring agent, available from Ciba 0.14
Specialty Chemicals, Tarrytown, NY)
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The coating was in-line dried at 40 °C and UV-cured at 6.1 m/min using a Fusion
Systems Model 1600 (400 W/in) UV curing system fitted with H-bulbs (Fusion UV
5 Systems, Inc., Gaithersburg, MD). The dried coating had a thickness of approximately 3 w

(microns).

Onto the carbon black coating of the light-to-heat conversion layer was rotogravure
coated an Interlayer Coating Solution, according to Table 2, using the Yasui Seiki Lab
Coater, Model CAG-150 (Yasui Seiki Co., Bloomington, IN). This coating’.rwas in-line
10 dried (40 °C) and UV-cured at 6.1 m/min using a Fusion Systems Model 1600 (600 W/in) -

fitted with H-bulbs. The thickness of the resulting interlayer coating was approximately 1.7 S

(microns).
Table 2
15 Interlayer Coating Solution
Component Parts by
Weight

Butvar™ B-98 0.98
Joncryl™ 67 2.95
Sartomer™ SR351™ (trimethylolpropane 15.75
triacrylate, available from Sartomer, Exton, PA)
Irgacure™ 369 1.38
Irgacure™ 184 0.2 1
1-methoxy-2-propanol 31.5
methyl ethyl ketone 47.24
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Table 3
‘ LTHC Coating Solution
10
Component Parts by
" Weight
Raven™ 760 Ultra carbon black pigment (available 3.78
_{from Columbian Chemicals, Atlanta, GA)
" Butvar™ B-98 (polyvinylbutyral resin, available from 0.67
onsanto, St. Louis, MO) o
Joncryl™ 67 (acrylic resin, available from S.C. 2.02
Johnson & Son, Racine, WI)
Disperbyk™ 161 (dispersing aid, available from Byk 0.34
Chemie, Wallingford, CT)
FC-430™ (fluorochemical surfactant, available from 0.01
BM, St. Paul, MN)
SR 351™ (trimethylolpropane triacrylate, available 22.74
from Sartomer, Exton, PA)
uracure™ 1173 (2-hydroxy-2-methyl-1-phenyl-1- 1.48
propanone photoinitiator, available from Ciba,
awthome, NY)
1-methoxy-2-propanol 27.59
methyl ethyl ketone 41.38

The coating was in-line dried at 40 °C and UV-cured at 6.1 m/min using a Fusion
Systems Model 1600 (400 W/in) UV cunng system fitted with H-bulbs. The dried coating
had a thickness of appmmmatelyL?(m)crons)

15 Onto the carbon black coating of the light-to-heat conversion layer was rotogravure
coated an Interlayer Coating Solution, according to Table 4, using the Yasui Seiki Lab
Coater, Model CAG-150 (Yasui Seiki Co., Bloomington, IN). This coating was in-line
dried (40 °C) and UV-cured at 6.1 m/min using a Fusion Systems Model 1600 (600 W/in)
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Example 3
Transfer of a Polymer/Gold/Polymer Film

10 A thermal donor element with a multicomponent transfer layer was prepared by

applying coatings to the substrate/LTHC/interlayer element of Example 2. A coating of

acrylic polymer (Elvacite™ 2776, ICI Acrylics, Wilmington, DE) was applied to the

interlayer of the thermal transfer element using a 5 wt.% aqueous solution of polymer with

a #6 Mayer bar. The coating was dried at about 60°C for about 5 minutes. A 500 A (50umn)
15 coating of gold was then vacuum deposited over the acrylic polymer. Another coating of

acrylic polymer (Elvacite™ 2776, ICI Acrylics) was coated over the gold layer by applying

a 5 wt.% aqueous solution of polymer with a #6 Mayer bar, The coating was dried at

about 60°C for about 5 minutes. The sample was imaged onto a glass receptor using a

linear scan speed L}f“ lz .6 m/s. The result was a uniform transfer of the polymer/gold/polymer
70|

20 transfer layer as r'nicron)wide lines with excellent edge uniformity.

Example 4
Transfer of Polymer/Tin/Gold/Tin/Polymer Film
A thermal donor element with a multicomponent transfer layer was prepared by

25 applying coatings to the substrate/LTHC/interlayer element of Example 2. A coating of
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f‘%gﬁ?ﬁs@%@ il O(V /é sty I % a@gﬁl@,}g@g‘ rgtd @)Vm\erow?th a #6 Mayer bar. The

SOwnua
0% 10% 0
io 02 gg E%czaé%g@ Q%néa f&bo%@%%%d%ggu\f}fm%e} AS Rieey _Y\ui&fkv"aﬁﬁ%%é&& 0 -

10F109%& @poswmo(p)ofmwgd& folymerl O%&0q A af gbld wad then acuum
10% 0& (& EpC 10& s109& ()-Ls 0%4&:y (SBuagy * 100 ()-9! 109%& ( 03
"109&' ( g)gsnt eiheyn. ' Bhepgea gecopd 500 Aigpaiing of gin was vacuum deposited on the

100 8 £y g taqglghofiney @%@%“%ﬂ JT oty et Y

10( mLO%Rafplyind & 5 wt.% aqueous solution of polymer with a #6 Mayer bar. The coating was

dried at about 60°C for about 5 minutes. The thermal transfer element was imaged onto a
glass receptor using a linear scan Speed of 5.6 m/s. The result was a uniform transfer of a

10 polymer/tin/gold/tin/polymer film as 7k(m|cron)w1de lines with excellent edge uniformity.

Example 5
Hole Transport Thermal Transfer Element
A hole transport thermal transfer element was formed using the
15 substrate/LTHC/interlayer element of Example 1. A hole transport coating solution,
formed by mixing the components of Table 5, was coated onto the interlayer using a #6

Mayer bar. The coating was dried for 10 min at 60°C.

Table 5
20 Hole Transport Coating Solution

. T iy e T Weght .

()

N,N’-bis(3-methylphenyl)-N,N’- - 2.5

diphenylbenzidine

polyvinylcarbazole 2.5
cyclohexanone 975 '

propylene glycol methyl ether acetate 97.5

(PGMEA)
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layer. A 10 Aflayer of lithium ﬂuonde was deposxted on the aluminum. Next, a 300 A SOW\M )

TS

layer of tris(8- hydroxy?umoh ato) aluminum (ALQ) was deposited as an electron transport
V\\M
layer. Finally, a 200 AlTayer o>f N,N"-bis(3-methylphenyl}-N,N'-diphenylbenzidine (TPD)

10 was deposited as a hole transport layer.

Example 7
Preparation of an OEL Device
A receptor substrate of glass covered with indium tin oxide (ITO) (10 {V/square,

15 Thin Film Devices Inc., Anaheim, CA) was used to form the anode of the OEL device.
First, the Hole Transport thermal transfer element of Example 5 was imaged onto the
receptor. This was followed by imaging of the OEL thermal transfer element of Example 6
to complete the OEL device.

In each transfer, the transfer layer side of the thermal transfer element was held in

20 intimate contact with the receptor in a vacuum chuck. A laser was directed to be incident
upon the substrate side of the thermal transfer elements. The exposures were performed so
that the two transfer layers were transferred with correct registration. This produced 120
pum wide lines. The final OEL device had layers in the following order {(from top to
bottom):

25 Aluminum Cathode

Lithium Fluoride

ALQ Electron Transport Layer/Emitter

TPD Hole Transport Layer (from OEL thermal transfer element)

TPD Hole Transport Layer (from Hole Transport thermal transfer element)

30 Glass Receptor
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current was monitored as a function of the applied potential (voltage) which was
continuously swept from 0 volts to 10-30 volts. At one point 70 pA at 10 volts flowing
5 through a 42 mm x 80 pm device was measured. This corresponds to a current density of
about 2 mA/cm®. The current density is well within the normal operating range of small
molecule devices fabricated directly onto a receptor substrate using conventional

techniques.

10 Example 8
Another OEL Thermal Transfer Element
An OEL thermal transfer element with a multicomponent transfer layer was
prepared by applying coatings to a substrate/LTHC/interlayer element prepared according

to Example 1. A primer solution A, according to Table 6, was first coated using a #3

15 Mayer bar. The coating was dried at about 60°C for about 5 minutes.
Table 6
Primer Solution
[T “Component Somce Weight (g)
" PVPK-90 (polyvinyl | Intemnational Specialty 2
pyrrolidone) Products (Wayne, NJ)
PVA Gohsenol KL-03 Nippon Gohsei (Osaka, 2
(polyviny! alcohol) Japan)
Elvacite 2776 (acrylic polymer) ICI Acrylics 4
DMEA (dimethylethanolamine) Aldrich ‘ 0.8
2-butoxyethanol Aldrich b.8
deionﬁzed water - 150.4
(20wwa )
20 A 200 Amopper phtha]oc{yé?l‘jrﬁ was deposited as a semiconducting release
layer on the pn}r/?ar “IA er. Next, a 250 Aﬁ?‘c?c'),raluminum was deposited as a cathode

layer. A 10 Affayer of lithium fluoride was deposited on the aluminum. Next, a 300 A (70vw )
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5 Example 9
Transfer of a Partial OEL Transfer Layer to a Flexible Substrate

The receptor substrate consisted of a piece of 4 mil (about 100 ﬁm)
polyethyleneterephthalate (PET) film (unprimed HPE100, Teijin Ltd., Osaka, Japan). Flrst,
the Hole Transport thermal transfer element of Example 5 was imaged onto the receptor.

10 Then the OEL thermal transfer element of Example 8 was imaged onto the hole transport
layer.

In each transfer, the transfer layer side of the thermal transfer element was held in
intimate contact with the receptor in a vacuum chuck. A laser was directed-to be incident
upon the substrate side of the thermal transfer elements. The exposures were performed so

15 that the two layers with correct registration. This produced 120 pm wide lines. The final
construction had layers in the following order (from top to bottom):
Aluminum Cathode
Lithium Fluoride
ALQ Electron Transport Layer/Emitter

20 TPD Hole Transport Layer (from OEL Thermal Transfer Element)
TPD Hole Transport Layer (from Hole Transport thermal transfer element)
PET Receptor

25 described above, but rather should be understood to cover all aspects pf#h€invention as

fairly set out in the attached claims. Various modifjcat#erts; equivalent processes, as well as
numerous structures to, which the preseTit invention may be applicable will be readily
apparent to thgseefSKill in the art to which the present invention is directed upon review

30

36



P'10% V &L' 10%r (: & () - 108(<108(V108( & 109B(& ()- < P'10% Vj V& () -
P'10% Vj V& ()-n_A|[:sfE'< 93nmpA0% (& ()-m( 93mbA0% (& () - n8 &10%r@4&lltN)7ﬂ03
0 & 10%r(: & ()- S10988& ()- 10%&Y&&& ()-s|[:sfE'< &Y' 10%r(: & ()-(
&#10% r (: & ()-8 &S$10% r(: & ()-0 &PA0% ' : & ()- GPA0% & & ()- &LS
10%r(: & () -

KK3E! nl 94.0% 1 (: & ()-1940%r(: & ()-nl9%40%r(: & ()-1940%r(:& ()-19%40%r(: & (
) - KQROPSE! nl 9%4.0% r (: & ()-19%0% r(: & ()-19%0%r(:& ()-nl%d0%r(:& ()-19%0% r
(: & ()-R ef t xypX<E! | 940% r (: & () - nI‘%iO%r( & ()-19%0%r(:& ()-nl %0%r(: & (
)-19%40%r(: & ()-SXTE @

109% & ()-1940%r(: & ()-nl 940%r (: &Q@Allfmg%r( & ()-nl%0%r(: & ()-2Zvual L
t1109K(& ()- &L310%K(& ()- 10%K % 10| W& (

'||10%<(&'()1 10( JéDthe&ﬁkaVbhusfhfalamiémtcohmi%ﬁQ,&'() L109K(& ()- @OUK(& ()-
=@0%& () - Lf GLOY(& @109K(& ()- sW4!l fL10UK(& ()- fLOUK(& ()-
flO%((&'() flOf%K(S&SG’)ate PAbOK( & ()-. 3 4 xX@! f109K(& ()- flO%((&'()-

(S () | 1S s ot oSS O
f 1094( Sftl(:c)t'}vefyllﬁ%(eﬁ‘ed)as afub D Y& iHe)thermal frafsfek et X recepbd dodin a) -
FLO%( féagt) a first layer and a second layer of 2 multilayer device, the first layer configured and

arranged to conduct a charge carrier.

2. A thermal transfer element comprising:
a substrate; and
a transfer layer comprising multiple components capable of being
selectively transferred as a unit from the thermal transfer element to a receptor to form at
least a first layer and a second layer of a multilayer device, the first layer configured and

arranged to produce a charge carrier.

3. A thermal transfer element comprising:
a substrate; and
a transfer layer comprising multiple components capable of being
selectively transferred as a unit from the thermal transfer element to a receptor to form at
least a first layer and a second layer of a multilayer device, the first layer configured and

arranged to emit or produce light.

4. A thermal transfer element comprising:
a substrate; and
a transfer layer comprising multiple components capable of being
selectively transferred as a unit from the thermal transfer element to a receptor to form at
least a first layer and a second layer of a multilayer device, the first layer configured and

arranged to waveguide light.
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6. The thermal transfer element of claim 5, wherein the at least one
additional layer of the multilayer device is positioned between the first layer and the

second layer.

7. The thermal transfer element according to any of claims 1, 2, 3, and 4,
further comprising a light-to-heat conversion layer disposed between the substrate and

the transfer layer.

8. The thermal transfer element of claim 7, further comprising an interlayer

disposed between the light-to-heat conversion layer and the transfer layer.

9. The thermal transfer element according to any of claims 1, 2, 3, and 4,
wherein the transfer layer forms at least an emitter layer and an electrode layer upon

transfer to the receptor.

10. The thermal transfer element according to any of claims 1, 2, 3, and 4,

wherein the multilayer device comprises a multilayer electronic device.

11.  The thermal transfer element of claim 1, 2, or 3, wherein the first layer is a

conducting, semiconducting, or superconducting layer.
12. The thermal transfer element according to any of claims 1, 2, 3, and 4,

wherein the second layer is configured and arranged to conduct or produce a charge

carrier or to emit light.
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19.  The thermal transfer element of claim 4, wherein the transfer layer forms

at least a core layer and a cladding layer upon transfer to the receptor.

20. A thermal transfer element for forming an organic electroluminescent
device on a receptor, comprising in the following order:
a substrate;
a light-to-heat conversion layer containing a radiation absorber for

converting light energy to heat energy; and
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25.  The method of claim 24, wherein selectively heating the thermal transfer
element comprises: .
illuminating the thermal transfer element with a light-emitting source
according to a pattern;
converting light energy from the light-emitting source to heat energy using

the radiation absorber to selectively heat the thermal transfer element.
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multilayer device on the receptor prior to transferring the transfer layer to the receptor.

27.  The method of claim 26, wherein forming a portion of the multilayer
device on the receptor comprises transferring the portion of the multilayer device using a

second thermal transfer element.

28. The method of claim 23, further comprising coupling the multilayer

device to other devices to form an operational system.
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