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Pat t er n- weasbhmrrmal transfer of materials from donor she@C3/uso2/sxoept or
substrates 5 has been proposed for a wide variety of applications. For
exanple, materials can be selectively thermally transferred to form

el ements useful in electronic dis Vi ther devices. Specifically,
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el ectrolum nescent materials have all been proposed. There is a need for
materials and nethods to facilitate, 10 enhance, or otherw se assist the
thermal transfer from donor sheets %%or substrates. Summary of the

| nventi on The present invention is ' to materials and nethods for
t he sel ecti ve Pitteenwase tharimad tmansfer affmagerial afremealonet sheetato moepor subsipates

substrate and to article and deyvice e using these terials and

et nodo. EROCEHBBRPRRHET b e VRGN BPIHERS | BT HAPE: TECARGREE ol ement
of a donog&aeely tﬁ&rﬁllg%ﬁﬁkﬂéd to Thn BRIRAR usbfl 8sctbalcHiglaydRn@ bERRI C

| ayer on a receptor substrate and formng a transfer el enent on a donor

sheet, whdgvicesh8peafipallyestlentive theemalitransfst of eqlerf idlters (bdaek matiix, sphesss,an

organi ¢ material . FEithe h f f e ni.c |ayer _on the receptor
cubet  at cpUrete eRLEh 10, BHBFS bl e R sl st lf ) 7S

r oughenedmd&riaB havehikbeeh propesedeMhere T wnded dosieterigl an@ iethols tdRicilieatey sheet
20 is then selectively thermally transferred to the. surface of the organic

| ayer 10 pr @ifhapeg oy otheryse pysist the thermal ransfer dvasdenor skagtsdto Zepeptor BYbsERIE cal | y
nodify any treated surface or, alternatively, partial oxidation of the
plasma-treated surface is the only chem cal nodification. However, in sone
enbodi nents, chemical nodifi cabammanryef the laxentiolh| e t o reduce the

receptiveness ' . | . f ' . plasma 25
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transfer el enent of a donor sheet to _a receptor.. The nethod incl udes
form ng afade uupg thesgmatsaalsand gicthods.o PBg egRogimentis 3gneshod ofyEansterang a
rougheqi n f . US|
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donor shehyertan 4 teeeptor MWDsOBE AT BTRITRCGrANSAR eBBRMOon a donor sheet, where the

exposed surface of the transfer element is also an organic material. Either the surface of

the organic layer on the receptor substrate or the exposed surface of the transfer element
(or both) is roughened using a plasma treatment. The transfer element of the donor sheet
20  isthen selectively thermally transferred to the surface of the organic layer. Preferably, the
plasma treatment does not substantially chemically modify any treated surface or,
alternatively, partial oxidation of the plasma-treated surface is the only chemical
modification. However, in some embodiments, chemical modification may be desirable to
reduce the receptiveness of a portion of the receptor to transfer. Suitable plasma
25  treatments include, for example, RF plasmas of O, argon, and nitrogen or combinations
thereof.
Another embodiment is a method of transferring a transfer element of a donor
sheet to a receptor. The method includes forming an organic charge transfer layer on a
receptor substrate; roughening a surface of the charge transfer layer using a plasma

30 treatment; and selectively thermally transferring a transfer element of a donor sheet to the
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surface of the charge transfer |ayer after roughening the surface. The
transfer elenment preferably has at |least one light emtting layer. As an
alternatiweoo4mr2in addition to roughening the surface @®CTtuse2/shres ge
transfer layer, the surface of the transfer |layer of the donor sheet can
be roughened using a plasma treatnment. 5 Yet anot her enbodi nent is a nethod

of making an el ectrol um nescent device. The od includes form ng an
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rougheni ng t heyglirbffes eﬁﬁo&%nﬁia&rrﬁ&héd afahiehg hﬁ&l@étrolhﬁ%e%é’erni &@\ﬁcé)fTﬁehe
transfer layer of the donor sheet can be roughened using a plasm
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i nvention 3 is,a schematic si dle view of an organic

ur
el ectrol uﬂﬁerﬁi@g et f8 be zgpehsned ising aplagng Geatmentor esent i nvention; Figure
4A i's a schemabifer 8lnBEdivleAW iRElude &Ho? Ehe%&%@ré@r%gfor%a eﬁ[agﬁg' f Tated as

el ectrol um nescent device; Figure 4 schenati c si VI ew a second
enbodi menwelbbfas articles gmhde:vwm s@hra@blsvmrcuiemumad:endéwm, fog@edby treemetiivdss a
sche i C,Si dg view of a third enbodi nent of an organic el ectrol um nescent
devi ck®  afiePeBOREN8%-047872 PCT/ USO2/ 33209

Brief Description of the Drawings

The invention may be more completely understood in consideration of the
following detailed description of various embodiments of the invention in connection with
the accompanying drawings, in which:

20 Figure 1 is a schematic side view of an organic electroluminescent display
construction;

Figure 2 is a schematic side view of a donor sheet for transferring materials
according to the present invention;

Figure 3 is a schematic side view of an organic electroluminescent display

25  according to the present invention;

Figure 4A is a schematic side view of a first embodiment of an organic
electroluminescent device;

Figure 4B is a schematic side view of a second embodiment of an organic
electroluminescent device;

30 Figure 4C is a schematic side view of a third embodiment of an organic

electroluminescent device; and



Figure 4D is a schematic side view of a fourth enbodi nent of an organic

el ectrol um nescent device. Wile the invention is anenable to various

nodi fi catwong/oeisd2 al t ernative forns, specifics thereof hace/usemss2shown by
way of exanple in the drawings and will be 5 described in detail. It should
be understood, however, that the intention is not tolimt the invention
to the particul ar enbodi nents descrjibed. On the co_ntrarty, the intention is
to cover all Figaredl istd swhematésile siewnia fourterabedimgnt efiaasrgarli¢ i ng wi t hin
the spiri .the invention. Detailed Description 10 The present
invention&ggtﬁcﬁ‘é%%g Iel{s)&er}%f%eéri al s and nethods for the selective thermal
patterning of WHilahsin@éntiindsamenabie @ vacioapnodifisatiwisrand alterhbigscforms,eri al s
and nethods, can be used to Lormarticl es and.devices such asg, for exanple,
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material) to 1nprove thermal patterning. T s and materials can
be used t mveution toftle pazticuia embodéuendedessubdd. 3n thegantrary, the éatentoomiis tadevi ces
and displays that incl.ude el.ectrically activ rganic terials incluyding
o gani o cr S bl Rioi ettt edyivaiens og e Batar Sulhon it D8 ser Riharodt by
devi ces apfd in@hntibg! €s can include, for exanple, color filters, black
matri x, spacers, polarizers, conductive |layers, transistors, phosphors,
and organi c el ectrolum nescent materials that 20 are partially or

conpletely transferred or otherwpgilk@D®ipod Ner Ml patterning. The
en

terns "active" or "electrically active , W sed to refer to a layer or
mat er1Gl i n anThe pesint invientton comtempletes meterialsdind methddaferr the selectiveer i al s t hat
performa,_ function.durd operation of the deyic r ex | e, producing,
conduct i nB‘,eTTBJ?] Pa@%‘m‘@o &[}E‘Wﬁbegmfﬂg?ng%re&gﬁpﬁ St("g‘?'g?ﬁesgln?e"?%ﬁp%ﬁw@ r hol es),
produci Ngmlethdds carCht @88 kd brrariéled 4Hal ddgickHQuchla8abF Sbbintp1H)eRRAbIunfResebntt he
device construction, and the like. The term"non- active" refers to

mat er i al sdeicdsafbe smethogs and matesiglsHnelude die plasmayregrant pbysurfagevbat unct i ons
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el ectroni metheds atd miatielsicah Be ucdyte form, B6r exatple, dévicksisucless ergimibe
selectively transferred fromthe transfer 30 |layer of a donor sheet to a
recept or SEHEMGHI1655 2pd displys thabincludp skegtricplly agtivsrorganic Malsaals ingluding
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articles can include, for example, color filters, black matrix, spacers, polarizers,
conductive layers, transistors, phosphors, and organic electroluminescent materials that
20  are partially or completely transferred or otherwise formed by thermal patterning.
The terms “active” or “electrically active”, when used to refer to a layer or
material in an organic electronic device, indicate layers or materials that perform a
function during operation of the device, for example, producing, conducting, or
semiconducting a charge carrier (e.g., electrons or holes), producing light, enhancing or
25  tuning the electronic properties of the device construction, and the like. The term “non-
active” refers to materials or layers that, although not directly contributing to functions as
described above, may have some contribution to the assembly or fabrication or non-direct
contribution to the functionality of an organic electronic device.
Materials, layers, or other structures can be selectively transferred from the transfer
30 layer of a donor sheet to a receptor substrate by placing the transfer layer of the donor

element adjacent to the receptor and selectively heating the donor element. For example,
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t he donor el enent can be selectively heated by irradiating the donor
element with inmaging radiation that can be absorbed by |ight-to-heat
convert erwowB®u#isat di sposed in the donor, often in a sepCaTSLIR® | ayer,
and converted into heat. Exanples of such methods, donor elenents and
receptors, as well as articles and devices that can be forned using 5
thermal transfer, can be found in U S. Patents Nﬁs 5,521, 035,, 5,691, 098,
5, 693, 446the dongreement can b seleqfiyrly heateddygpediating the donor elemens avithaimaging
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t he donor 5$85907.4% ¢10,8%s 813, 98%e>, 146Ht 6;766,827 19c103,860n& 897,347, H9 7666 XBan
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ot her radbaRign3,3,2045520, 62205586,528, 13! 6,228, Bes,tammmgm%zaranal so be
enpl oyed, such as using a thermal, print head or umz& a thermal hot stanp

(e.g., a patPaftand PEDetant ApplicatignpPublicationsNas. MOH04964P and 3Y(@ 04439486 t hat
h | |
hor ] ©pbft DR ELERCADAREA S A1 NES Ol hziis G310 20%0, BORUAT IR i ¢ e

Ther prin ement 5 may be’particul’a
for maki nQ9/O3E98, allefehith ard inpeticeatad ha‘bmrm/txeferaice 0Thé¢ donqratih be expuged

el enent s whose. pl agenent need, nQt be 20 controll d Pl asma
1 oat nent KOIAZHIE ; éleawi trough the dopgr spbsirg eﬁlr%'taiftﬁeeceeﬂr 23 at.l,ﬂeafhet 0
facilitatg o c‘imY Bfenf! go{n&%?ﬁi‘o?é wab@éxf‘g"tﬂsalqg dHy Jlélﬁletlfg?{‘%ﬂre& Rdtiopan be

selectively transferred to a receptor t manner 1o | magew se form
patterns of ultrhmotertaadszftmnrﬁmemﬂmfmhn mlaselhlampeoepmarradianomyce i nst ances,

th t fo ht f f | | | t
batt oFhai se 25086 s st eled B R abe BB R usnedmbemel accur acy
and preci gfifthealidt uﬁa@a tt%herhd@etaamb%v QGattdiAd HeARalade st%ﬁ@rsﬁcms 4 he

transferred pattern (e.g. line, circle, square, or other shape) can be
cont rol | ebeded SIh@meei@anmtlhét haeel rehttﬁmgemﬁbats;mzbe weedit eelpgtyylely hpatardonarp
exposure t h d.beam.cont act
with the on%lrali Bl‘lﬁ tglﬁse%xj Atﬁ% heQFf rllmréil s y’?’ﬁé’gggﬁ%py SHSCC{ For‘?ha%l lg\rrlvgrf erred

pattern cagohtisn pbwerﬁs)dsﬁmﬁxbhﬂd)rbyr @ﬁenﬁﬁgaaéméﬂmgrhbébepldwmm ftedibbet hr ough
a mask. Transfer |ayers can al so be transferred from donor sheets w t hout

sel ectl vePieciselysenweiied. Rlasmadreatmentrof the rggeptor o gandsnlaprauriace qagherused | ayer
can be fofgdiefe thidYPObS trénsfer.

Material from the transfer layer can be selectively transferred to a receptor in this
manner to imagewise form patterns of the transferred material on the receptor. In many
instances, thermal transfer using light from, for example, a lamp or laser, to patternwise

25  expose the donor can be advantageous because of the accuracy and precision that can
often be achieved. The size and shape of the transferred pattern (e.g., a line, circle, square,
or other shape) can be controlled by, for example, selecting the size of the light beam, the
exposure pattern of the light beam, the duration of directed beam contact with the donor
sheet, or the materials of the donor sheet. The transferred pattern can also be controlled by

30  irradiating the donor element through a mask.

Transfer layers can also be transferred from donor sheets without selectively

transferring the transfer layer. For example, a transfer layer can be formed on a donor
4



WD 03/ 047872 PCT/ US02/ 33209 substrate that, in essence, acts as a
tenporary liner that can be released after the transfer |layer is contacted
to a recewD®s/ossostrate, typically with the applicati on ofPCNasn2/83209
pressure. Such a nethod, referred to as |lam nation transfer, can be used
to transfer the entire transfer |ayer, or a Iarge portion thereof, to the

t Pl t t t of St
e ubed | SRR AL GSIoRR 26 30 (YRS LPET (ot einibR Rl aBe Remrer

transfer, 4 fk,aeis LHhth@e® 14 retcaﬁof KIBERLLE) rty;slbaty With tHe a’pﬁﬁ@tﬂéﬁ o Réat ot pRESIE" r ed
portions of the transfer |ayer can be subjected to a plasma treatnent.
Al t hough Sudtea sthodgameddo gs:l@ggnattwn\mansfeu seiche b@@dm trensfert the entire ttansfer t he

surface of the recepto be [e |ze sur f ce of the
transfer T ef’r Eaé%eo?orh?%kherel?\y et%ﬁ? asfr}'?e Btgrnet(?gg{ Core (HI(E be pl asna
treat esl lﬁan@dfﬁllhy@@uﬂfﬁbe%nbeaﬁaﬂd faxﬁhﬁa&ahﬁmyﬁeafferaﬁifei he receptor. Plasma
treatnent of the rece{otor surface is illustrated as an exanple which can be

readily adapt &8 facilitatehermal fransforsthe surfaceind the reeepier that is feregqiygtieer | ayer .
Plasma tr L0V, r For
exanpl o, | FRLER R BT Cark R | CE AR oA 5 bl ekt " ARG i
transfer ﬂntshb@qué:ﬁ disbaﬁsminmhbdescﬂbel plmaﬁkmnmttof tdetsoefate offhefeeeptbt, it t he

pl asma tre nt aughens_ the surf eceptor_and, no
pr ef er abl v/ éecpauaq@ﬁﬁwae Furfage of ﬁﬂms{mf atdy, almoantch@n%?n cally
modi f g ngréc@ﬁo?é&fl@ﬁ@gﬁém%&e@m AddRfnttb 3k irbétegif bineishdadd ¥t tﬁ%’fek%r han

Preferably, "~ any oxidation of the surface Is not substanti
t he oxi daPlaemattﬂeaﬂmeanf the In@eptaclsur&peds mystatqﬂmmeexamptmmvarrbﬁmdﬂy during

nor mal i ng,and st recep The absence of

substant i 21 ap %et&%!:"épaﬁf?&ﬁ?‘?nggf I,?u%?cet éh%tﬁ t?&ﬁ-.\a Y% preferably deternined
by X-ray phot opjagh teBtnfREsdn iRfESR)hé b%ﬁ}acy%h& QuiltP¥NthRIradkRE  F&N
spectroscopy for chenmical analysis (ESCA). XPS'is generally a surface

sensi ti veexamplpiiragsler pmifarmityiredgs pughnsss mepde nmnrm@ﬂ’eqitt@nsf@bmpthgds i on and
chem cal t e rface
xpe i & e e e P2k Bredion TattGe RS, b g Ao o TR Gl

det ect i onof theirécepwdwid, ngor® pieferablyi the Youghenidg & performed withéupdibstastivallyy si s,
t he chem cal conposition of the surface can, al so be explored using

ti me- of - f Fhegricallsmedifving thei syrfacrrovidhenly paretly pxidrars Bemfacenhirefrrahlys
monol ayer 5588& o‘ﬁ' ¥ndburfhc@ R no@@&‘ds h§1 Jg@BIJ}BMth%‘iIJ g@ﬁlﬁaa?(vo&ldt&% 2. nm

The rough I ng o e surface I's detected using atomc force
m cr oscopychwvetia)[ymxpg}sumtdﬁhé &'Mlmﬁh)ent dlmqgamtmahpracnqssmgmd stosygeof thel density
pl ots (ﬂerlved fromthe AFM data can be used to illustrate the nanoscal e

r ough® C8Pt-he surface. In some enbodi ments, the surface can be

roughened suchTh88bsence of substantial chemical modification of the surface is preferably

determined by X-ray photoelectron spectroscopy (XPS), also known as electron
spectroscopy for chemical analysis (ESCA). XPS is generally a surface sensitive
technique that typically indicates the elemental composition and chemical bonding state of

25  the outermost 3 to 10 nm of a sample surface. XPS is sensitive to all elements (except
hydrogen and helium), with detection limits down to 0.1 atomic %. In addition to the XPS
analysis, the chemical composition of the surface can also be explored using time-of-flight
secondary ion mass spectrometry (TOF-SIMS), which has monolayer sensitivity with an
analysis depth in the range of 1 to 2 nm. The roughening of the surface is preferably

30  detected using atomic force microscopy in tapping mode (TM-AFM). In particular, power
spectral density plots derived from the AFM data can be used to illustrate the nanoscale
roughening of the surface. In some embodiments, the surface can be roughened such that
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5 WD 03/047872 PCT/ US02/ 33209 the average surface roughness is at | east
0.5 %or nore of the thickness and can be 1% 2% 5% or nore of the

t hi cknesswomBasse2 t r eat nent can be perforned using a vari ecy/usb2/slizbd er ent
pl asmas. For exanple, an RF plasma fornmed with a noble gas (such as
argon), oxygen (02), nitrogen 5 (N2) or conbinations thereof can typically

be used tq roughen surf ce w thout stanti m cal |y nmodifying or
only part {Bg1avETags SYase fe %Sséiu?tf %agoymogfs%th%/gacqmeﬁﬁnd&gﬁﬁ 1, i n"t he

Exanpl es bl g%orqq&@rof%qﬁg]m&gasrms i nclude, for exanple, ECR (Electron
Cycl otron Résonance) plasma, corona di scharge or DC di scharge pl asna.
Rel atively shoPtasmp@stmeat ¢an helperformedvesing @ variaty ef ojdfﬂemm plasisas mevver or

both can 10 eS|red or cessar to r duce pr event
cheni cal qu ﬁﬁdwa %eﬁé‘fl}ho‘hno Z 48 preop é’éé/%%i‘ @Tﬂlét& *IAs one
exanplg 091 B@E@hbﬁhﬂu&ﬁrtﬂérkém,tyﬁlmly ueh@ém 1oagheR AR rfdcdRMBSuti N the range
of 20 to a gas pressure in the range of 125 to 750 mforr
(about 16suhstant)@llspgbenamilyga@dlf}{lwprrmlnenamnlly eedizingdgbe srfaee, asgllsw@tedsccm
Different wer 19 d esired
and as 15fdr%1%e§[{'l et %Sﬂcl) Fal n gts)?l%'d de!?‘% %f%WPlaﬁ'hfs ‘B%?@ (?ﬁ éé‘?‘lﬁg)il a?ﬂ%{i

gener at i n(EldevincCycldtiun Resposiceppladaieomaa dixehirge dbhBCrdisthergefplasiiar  exanpl e,
5 to 30 seconds ](ag gi in the range of 10 to. 30 . seconds), however | onger
exposur e ti mesReREVelyRbermeEosys to theplasmp, redatiiel YdgWiRlasma Rover, ereoth ¢atnyt es
or no{e) € ble to
1 ¢ Ehe i BsRPIENSiR o ey 33 rodlcl 19 b oyt kB ot R £

oxi dat i onoxxdaltusmn@the prsaadested surdave. bks oaiesxmn;bibef bpergpinpecoatigioas,chem cal | y

m)dlfledsrface n . asna. Ch i fjcation can be acconplished
by For . Blrmpten kil e amee paoD o2 ob Bkt v i 2 g BRmurCindhe 208y ora
pl asma, wWhf g% t'b%@'rﬁﬁork (hbohthﬁs t%Q@OtPa?er@éasfﬁoWatdg@n it rhf® STWot§%60 OF

exposure to a silicon-containing plasma Such as a tetranethylsilane (TMS)

pl asma whiesm. EéMpngeroaasmsmdnd gasrfiow oaes can be upest, ap8esivdapd as  si | i con

oxi de,. sili h x4 _de ar.bi.de.. silicaon hydri.de si |l ane groups
Co Lt cuPiERa YRR elfeq Sl aBFa ARLHA waihe ¢l deiEE B SlrpRl®

cheni cal | ymewdh b @tlthe satige dEfor &anlE S8 30Sbevnts (0p. 2iRE pnge opf0 RL3Er | ayers
including transfer layers. For exanple, a CF4 plasma can be used to

sel ect i vePsFORgRi IaveyeslongercxpoTure times (o example; Pt Afintgor pp & Aiyeer teur f ace
IS resist of the transfer layer. This can be 30
used in cgﬁl}lﬁﬁsg Jlﬁgﬁtmgdf%r&l%e@qfé&%% an argon, 02, or N2 plasma treatnent
to define a dadthoegh mmttymballyo;ﬁrefeeﬂﬂ@tol lirait chengioal, méd ficarionNT thd sisfaee,t r eat ed)
regi 0515 a

t(i!ler t gn %gﬁl% ox1gatlon in some instances it can be desirable to generate a chemically
modified surface using a plasma. Chemical modification can be accomplished by, for
example, exposure to a fluorine-containing plasma, such as a CF4 plasma, which results in
the addition of fluorine to the surface or exposure to a silicon-containing plasma such as a
tetramethylsilane (TMS) plasma which, depending on the conditions, can add, for
25  example, silicon oxide, silicon hydroxide, silicon carbide, silicon hydride or silane groups
to the surface. This may be desirable in some instances because the chemically modified
surfaces can be resistant to adherence of other layers including transfer layers. For
example, a CF4 plasma can be used to selectively modify a surface of a receptor such that
the modified surface is resistant to receiving a portion of the transfer layer. This can be
30  used in conjunction with, for example, an argon, O, or N; plasma treatment to define a
desired pattern of receptive (argon, O,, or N, plasma treated) regions and non-receptive
(CF, plasma treated) regions on the surface of a receptor.
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(CF4 plasma treated) regions on the surface of a receptor. 6 WO 03/047872
PCT/ US02/ 33209 Preferably, the plasnma treatnent results in inprovenent,
ret enti orwoas/o@isry sl i ght degradation in one or nore, andPomrusopsxberably
all, inportant operational paraneters of the device or article to be
formed while achieving nore accurate and higher quality transfer. For

exanple, for el ecitRl ¥y f?l@?ﬁ@rﬂﬁ trSRY b SuRPIRAPloVGAdnt tOkAtRGESor Ry dighiness,
and 5 efficiency are inportant operational paraneters. The desire

bri ght ness ofegridetionsinoat pronerri and SOEhRTe ey 4l umy@ﬁ@r@peﬁqtl?mpaéﬁw@rﬁeﬁed
application. tfhlefde\}lg@or%ﬁc?é’ t'o%le I’I gﬁwhﬁ@ﬁéﬂﬁbﬁl‘g Iﬁd?@@&%a%@ﬂ@%%&%u rix display

application I nstance tness of Tapproxi nat el é n2 nmay be
desired for cosfeer Borakamplp) fplcétqtroh@me}’qﬂ?@t dpyiaeappenaimhal vobitacalyishinsss, prg

10t a92 W clrREET R fuBRaf BBl Al Akl AROIMTARRES U adov] € 10 Of der

10 to achieve ess ow operati ofial vol tages, commonly
f r om about 5elemrollaxluomexﬁeamm ddpe@cts ondheeengismineeappli@tien c ighaometeyal waye t o

o | e Bt G g ho R Rl R R AR RERGER IR Fphhuddlege auant ity of

emtted |i gh uni current neral, the

ef ficiency Ozfpprdxhﬁatﬁl&mp() €dsifondycbeldesised fdsnoghm&sc@apghehﬁcms Tﬂlree)psqae(mail ed
efficiencies stron pen hec of .the emtte nd the
specific con‘é‘ﬁ?aﬁ%‘?%ﬂ% g]fagfﬁ' lcglng%fé%/ ea[pﬁﬁ?cgtpél}e elecfrﬂlgml%ef%l?g%evécg Er% €ncy can
vary gread | yrodepiensihe gpedified begtampd. i Iooxt dpetationd valtagex aominengffrdnhgbour Aoge of
efficiencies for an active-matrix full-color display with a diagonal

measur ement 2Bont 36 lesiadie 4%59€¢-0. 381 m): the efficiency requirement can be

in the range of 2of&ubtofddfyAvayft6ExpRed theRffiddent$ of it deciBlunfFicRednt didd i2tht 0 6
Cd/ A for Blue. 20 A receptor surface that is gl asma-treated is_typi ca%IIy

made of an ofepaHIV©f gatiedlight per wnit ofsurren floyy(prits & dit)- IR genraldhs dfficiepeyioli s t o

be transferrgd sirﬁﬁsrbﬁda?d B RRph @S pés@mr me gpacme@ effRRALBESronhly Repdng ohecept or
surface. Suitab eorganlc materials inclu po yneric mat eri al s. For

exanpl e, Ibot tecpler efith¢ erpistedlight ped ﬁhea@ptf@rcomctm@fﬁhemaér therg{sg, thean be
made of orga bt%d e@&ﬁ%&lﬁa@%@eﬁl Beyk MQQ%%& ARohhxahge Bpge of

pol yneric maerla I ncl a receptor substrate and
one or nore aldga dzfiecﬁfr'ma¢n0ieaﬁuras actdflesmﬂlllmlqrHéplsubfsthlaaiuaeonﬂrh@awe@@mor

substrate cap tI:fIaHyISl'gl lsr%‘j)r h%%l“ﬁ%leng eﬁm?e%ettﬁ galﬁl i thgpzmg%:%rl lo%Cﬁ/RCl Ud' ng,

but not lim ?flass ansp : ref ective
sem conduct ofosRed:,eﬁrtarTﬁ@dr’mfoeGr@dnsanddrtd 6;§]da$1ford3éue For exanpl e, recept or

substratgs can be, ANl NOG Sl SUHRLE S8 ShERLANE TFPhadebhabhe 1 o

di spl ay fa Gee I I Spl ays
such as | i quagis eHe\ssifade ofl its phassrial thﬁt 1em tesiauderdidsfpdnayie transfer layer and into

contact with the receptor surface. Suitable organic materials include polymeric materials.
For example, both the surface of the receptor and the transfer layer can be made of organic
materials and, in some embodiments, both are made of polymeric materials.

25 The receptor can include a receptor substrate and one or more additional layers
disposed on the substrate. The receptor substrate can be any item suitable for a particular
application including, but not limited to, glass, transparent films, reflective films, metals,
semiconductors, ceramic materials, and plastics. For example, receptor substrates can be
any type of substrate or display element suitable for display applications. Receptor

30 substrates suitable for use in displays such as liquid crystal displays or emissive displays
include rigid or flexible substrates that are substantially transmissive to visible light.

Examples of suitable rigid receptors include glass and rigid plastic that is coated or
7



include rigid or flexible substrates that are substantially transm ssive to
visible light. Exanples of suitable rigid receptors include glass and
rigid pl a®0ios/os18a2 i s coated or 7 WO 03/ 047872 PCT/ US02/ 3220Sopat20er ned
with indiumtin oxide or is circuitized with | ow tenperature poly-silicon
(LTPS) or other transistor structures, including organic transistors.

Opaque s t%%ﬁga%athqﬁgmgl{y §00R8e oti3@ecuitined With N8y tetpRiad ipaBAiiEcoM@ITPS) he

| ight to ‘be generate an organic el ectrol um nescent device fornmed on the
recept or auitisdritminsisios stnoturas anuding erganic fragsistorse dpague subsiges ¢analsalsst r at e

to a viewer .ar optical deyice, Suitable flexible .1 ncl ude
subst ant i‘%a?Ffl’;}nﬁng’é?g lﬁﬁ@g?‘xlﬁlﬁgﬁi@gem%gél WS’F geP?rF%g?%a{é F%(i}fc: ve filns,

t ransf | ecdibM@lirhindSoenP@videl féinidl dni theBecepiot bubsaytelis aptnhenat toftieltrasmitted t he
| i ke. Flexible substrates can al so be coated or patterned with el ectrode

mat er iSal sthoyughtthespbsiate fea viewer esephispledeVicansi stor arrays formed directly on
the flexible s . r . i after
suk%?a%gegﬁnegu&e stfburhleS Rl ok dRial DI e em%gﬁ%ggagea

bei ng forned oh a orary carrier substrate: ulrtabl e po bstrates
i ncl ude pRinyg sdfiectiveRinms trawsfigetivepiimsepdiytiang fitnes, eptitilhpdraptcal fihmsyaidhy| ene
napht hal at e) . pol ycarbqgnate resins, polyolefin resins, polyvinyl resins
(e.q., p@FinF-nﬂeX@r\‘F SHles ¢y strﬁﬂpoﬁﬁér?é pE‘FﬁrB‘?qu.‘J’él,‘ elﬁﬁ?‘if{%’ﬂ%ﬁ%}ﬁ 8tals,
etc.), Ceﬂr&iégs?og?,hfgf&gﬁn A& Ssistdrardys forfkd ulrgaf‘y 6rfth@ﬂgiiﬁfeesub§%?dté i ose

acetate), an onventional polyneric fil'ns used 15 as supports. For

maki N or wasifared) te the fidxible aestratetafigebsing formad ph ademhporsyiparmiersebstraie. | s

f desir. ' d ' £ilm: ' h
our faces SHiEPHEPYpmEl ST udRAl bbeses Rl ORI AR OB B g
devi ces apslyéthgliehe iphtialaelepollcDbomtaI@siHs, Holydlefinndsing, pelvisV edsthsqé.gyat er ,

oxygen, and the |ike, The receptor substrate is typically covered by one or
nor e | ayepalyvimykehlonidsy pelyviaplideng chlogide, nolyinyl seetalss <ie-). egRmipsecestes bassiSyner i ¢
surface) fo I 2 y or

o pat i e R e Eley EiluiosERERRER fnd SHBE bR aAR PR HER St

t r ansi%st oasssuppanpacidranaking organiatlectroluminessqni devisss ongllastic fubstrates,, it 131 ack

matri x, anarization ers,. hale transport |ayers, ectrgn transport
Tayers. abetoiuntla e el S bhirier B o FORT B o oY if spiTagrs o B uide

devi ces. QuirRaab bbteck MRRgaMi $Ht CRtink A¥AESs 4 ShetPelbitivabs BBR exlpadifE fo f Or
the device or article to be fornmed. In one enbodi nent of an

el ect r ol uwidesisedlsvelg ef wetsr, oxbigens and tiedikef t he receptor corresponds ]EO a
f f . |.av- |
st oce of . U o SH56RE LRSIy 0y BB B

| ayer, hole transte ction er, ele
| ayer20 hobigahicsakhde) féraskampleph polymeric birdae) foy pladsranseamiienfUREptdrayer) t hat

I s disposed on a receptor substrate with gptionally one_or npre intervening
| ayers substrates can be covered by or pre-patterned with any one or more of the following:
electrodes, transistors, capacitors, insulator ribs, spacers, color filters, black matrix,
planarization layers, hole transport layers, electron transport layers, and other elements
useful for electronic displays or other devices. Optionally, these additional layers are
25  functional layers for the device or article to be formed. In one embodiment of an
electroluminescent device, the surface of the receptor corresponds to a surface of a charge
transfer layer (for example, an electron transfer layer, hole transfer layer, hole injection
layer, electron injection layer, hole blocking layer, electron blocking layer, or buffer layer)
that is disposed on a receptor substrate with optionally one or more intervening layers
30  between the receptor substrate and the charge transfer layer. As an example, the charge
transfer layer can be a conductive layer made of, for example, a homopolymer of,
copolymer of, or polymer blend containing a substituted or unsubstituted polythiophene
8



30 between the receptor substrate and the charge transfer |ayer. As an
exanpl e, the charge transfer |ayer can be a conductive |ayer nade of, for
exanpl e, wolonwsaot yner of, copol yner of, or polyner bl enegcCrarsvasning a
substituted or unsubstituted polythi ophene 8 WD 03/047872 PCT/ US02/ 33209
such as pol yet hyl enedi oxyt hi ophene, a substituted or unsubstituted

pol ypyrrole, or a  substituted or unsubstituted pqlyaniline iFEAI\ﬂ'). It will
be recog nsu_fhas P‘P\lé(?th%]le&_ xY‘P‘PE‘é‘T"I‘?Eﬁu%StFmEFd(,Oﬁ&Pﬁ@S? WP &f an

el ectrol uﬁl‘b%ﬂﬁ%@ uASIbsGRitddSol il TPARYRTRYVif Rfrecddifedidi pismaf the

I nventi on. er layers or constructions could be disposed on the 5

recept or wsednentatf@ chagge plaasfmlayeradian dlectoeluplizeseent dedet sdusionacxanpe obf t he
transfer |ayer, of he donor) .. Returning to thermal  iransfer,nethods and
mtor 1 5l st is QL VA PR e P Rt e PRy SRR BRAPR heon  t ne
type of Sﬁ‘ebﬁﬁéﬂ NBsthRShhdSlaSHPIreMES (or pRSmb YRGte@bs a 1dyePef Rk hamsférflapeed t O
expose the donor, the type of materials and properties of an optional 10
| i ght -t o-thedonardnversi on (LTHC) |ayer, the type of materials in the

transfer |ayery, the overal truetd nar.

ecoptor et Bl R Rar RS fodsaa Kol 4000 SR By
theory, t&aRfhesn gapeleptddngdacthe sypsiod seloctiverheBiigemohal) tismpe oone or nore
of which may, be enphasi zed or de-enphasi zed during sel ective transfer
dependi ngirB#iafian i used toFposs @ﬁé?n‘éfgalé tyRech{ Jnaterials #kpropgrtiessef angptignalone
mechajy sm; L | , . =St ransf er

wher eby mé@éﬁ‘l}%%}qﬁ{ég%‘ﬁ{g‘ (%’?ﬁ?ﬁ([aa Qﬁ%e&?ﬁg%ﬁ-@éﬁgéﬂﬁ% :t]rgﬁ %fﬁlgllrﬁ%%rl ﬁf{% ransf er

| ayer andovenal castruaiontdfehaidonor, the pe nf receptot smbetrate,tand tiadlilees i Withaft t he

t her mal tragsfer Igger to the donor n sele1 ted | ocations. Selected

por tions Bishingdo bREPWR DY poyBeqry. frapsier sengrally RRcres 14 oRe, Y TPRE BRCHING e
strongly §{ad théte LAY hidHAALY bS mpRiRIzedbLde-EMhA40R88 dufhe &dtive rangaoVed, the
sel ected portions of the transfer 20 |ayer remain on the receptor. Another
mechani sndlepending onanaging eefditionsydoned eenstiyptaanisyand sofngh e Ongimeckdysm pbcal i zed

heat i can_be  us £ | at rtJ on f ransf et | r oft. the donor
oot eSS 5T PR Beanf HAGRE b oY Boflrct RERing ine Ve,

anot her ningdfoe 5etwetn tHeahemdal transfigrdiyer ahd e ekt 91 tHeldohoBdleent\Whe 1Rt
material dispersed in the transfer |ayer can be 25 sublimted by heat

gener at edtheadhesionpiribe thermastaransteplayentp thadaser imselestedlloontioay Sedected al  can
condense g%&&ﬁkeofr 1S HERAT tra;mﬁ{ Eaé,@ﬁ&ﬂtaghé}g ?@ﬁfe?&eﬁ%?mkﬁ]ﬁy Exﬁ‘?osfh%r modes
se an mec eby

that include one or nore o ot her ani sne selective
heat i ng odormr dotiat whine éie doaor demerstdsirehmved, the selected portions of the transfer

20  layer remain on the receptor.

Another mechanism of thermal transfer includes ablative transfer whereby
localized heating can be used to ablate portions of the transfer layer off the donor element,
thereby directing ablated material toward the receptor. Yet another mechanism of thermal
transfer includes sublimation whereby material dispersed in the transfer layer can be

25 sublimated by heat generated in the donor element. A portion of the sublimated material
can condense on the receptor.

The present invention contemplates transfer modes that include one or more of
these and other mechanisms whereby selective heating of a donor sheet can be used to
cause the transfer of materials from a transfer layer to receptor surface. Plasma treatment

30 ofthe receptor or transfer layer surface can be used to facilitate transfer using any of the

described mechanisms or combinations thereof,



cause the transfer of materials froma transfer |ayer to receptor surface.
Plasma treatnent 30 of the receptor or transfer |ayer surface can be used
to faciliwetos/osmsansf er usi ng any of the described mechaniPSmaIS02/33209

conbi nations thereof. 9 WO 03/047872 PCT/ US02/ 33209 A variety of

radi ation-emtting sources can be used to heat donor sheets. For anal og

t echni ques (e €. thro a mask rred |ight squrces
(e.g., xenon V&Qﬁty gmf{é%"ﬁ‘aﬂ‘? SQYICky %J"U ee‘fs flt&)%dﬁ‘?odl b%lt i'Thgi ng

t echni quegaldgtbétdiqids (&S bRioBure tRAGgHIA fiadl)] ntgﬁrpomsearﬁghasau@e%r(é §cul arly
useful. Suitable |asers include, for example, high 5 power Ef

si ngl e moxmon lesh lagipsdad laspishate veefih | Bog dna@brmftalm@gm@m,m axed, wpnbtﬁped

solid stat S8l p times
can var ya‘alﬂﬁ?y fe &%rgﬁrp%iaﬁgﬁﬂgfgwsely@e lgée it %ﬁlu% t%%l’{a?nd)gec ds to
tens of nj},&taqeqoo 2)@1&1g1§ﬁﬁa1e 1adeel diodes; Fibd-ctptedslaged diodes, iafid Biv@er ange from
for exanple, about 0.01 to about 5 J/cn2 or nore. Qther radiation sources

and i r r adpumpassolid sthite lasars (e@nNBY AG prANdEY Ib%)s é@SQ@XDﬂSUI%tﬂWﬁbU@Fﬁ esn t hi ngs,

ner mal e STk SR S oAaaRa Pl PR & el RSB Sf Etimleffoes BRET,

accuracy érsméRsaridcEldsdrdlugnces\ohiebe pathé Linge fions Emamelet asout blogho atstfun rSrrat | on
content dij spt ays and_ot her such applications) over, |large substrate areas, a

| aser canl/g” pameree (Pthey rpdigian purees apg gradigtionicopgitiepy sande suahle bassdr ces are
al so {ppa ﬁ.g‘lo‘ﬁg %ﬁle‘f“tﬁxﬂ ?Hterh h ggéﬂt%ﬁstﬁfdﬂ iRl ﬁﬁfnsf‘r der nf%&eg%i‘ e mx 1.1

nm gl ass) contl nuou m su st rates gm t hi ck
pol yi m demsheefm)annihmasagansfagamgothd:rtsacldfmtnrs sheet can be brought into

intimate cont Wi, rec as |ca e t.he case for
her mal rot ¢ - ofVheR hghughor BRSTERR AschBia® SRire R GRhet PRRENRE ARG Epaced
some di st gBR nfbFRANdNNBntAESiBbIAYS zfrﬁ%tlfe@@uél?aﬂp'ﬁ@atﬁﬁh%ﬁmfe? Lar@P4uBErME aredl) a
transfer mechani sns or naterial sublimation transfer mechanisns). In at

| east sontaséresn én peelcu\@rleslsw&sdhe adintiomseurpe. blbasgs saiirees ahmdlep edmapatibleor

sheet t.e cont eceptor.. In so i NS ances k can
b oCe 13 v Eh bR R St S T B I p et g ERhAIGE S sBedl D

removabl efiR} s@Rfrafes (@B. nl@(ﬁpfhﬁﬁlck%@ﬂﬁ{a& sﬁgetsgr transfer. If a Ilight-to- heat
converter material is present in donor, "a radi ati on source can then be

used 25 to heabutihgimagit, |thg,@qno( dleebftaﬂéte birenght {nty intisrateporitany Withdi at i on

absorber) _in.an shian. (€. nalo exposure
hrough wreRHReRS b BRER S Ea Aok RRe 66 Hemal e Gk trafirer e RRsHY fre
transfer Heoekhdet 040 tét@ad@dwmesdtaatcetmxﬁ iR re@peii(ay can'B,éphé)édsé Yor abiiti®6t ed

portions of the transfer layer are transferred to the recePtor
20  transfer mechanisms or material sublimation transfer mechanisms). In at least some

instances, pressure or vacuum can be used to hold the donor sheet in intimate contact with
the receptor. In some instances, a mask can be placed between the donor sheet and the
receptor. Such a mask can be removable or can remain on the receptor after transfer. If a
light-to-heat converter material is present in the donor, a radiation source can then be used
25  to heat the LTHC layer (or other layer(s) containing radiation absorber) in an imagewise
fashion (e.g., digitally or by analog exposure through a mask) to perform imagewise
transfer or patterning of the transfer layer from the donor sheet to the receptor.
Typically, selected portions of the transfer layer are transferred to the receptor
without transferring significant portions of the other layers of the donor sheet, such as the
30  optional interlayer or LTHC layer. The presence of the optional interlayer may eliminate
or reduce the transfer of material from an LTHC layer to the receptor or reduce distortion

in the transferred portion of the transfer layer. Preferably, under imaging conditions, the
10



w thout transferring significant portions of the other |ayers of the donor
sheet, such as the 30 optional interlayer or LTHC | ayer. The presence of

t he opti owelo3jostsez | ayer may elim nate or reduce the transem/ush/saberi al
froman LTHC | ayer to the receptor or reduce distortion in the transferred
portion of the transfer |ayer. Preferably, under imaging conditions t he

10 WO 03/047872 / US02/. 3 t.ne_apti.on terla rtothe
LTHC | aye? egloxdpg &puoyal %Frﬁ%yeég’ntggim y?nggreafﬂ-an %? eBIOP ® ansf er
layer. ThgdrR %r&’ftb WLk arz i 10Rr.t TROMMRGer@n be GhhehiksivVe redctiab R aBidreve t O

i magi ng radi ation, and can be used to attenuate or otherw se control the
| evel of toiimaginggadiaiifinaandean bexrseda atienuath PHOANYisRCansiobthedevel of manage

t errper at ur
ap e on Rl Mo B9 R PR 010 GRS AR s o,
i nt er |52y efos exaniplbeo pdesethtrmdl i geliddiondasahdaeiage tathehensfeethyer duzingdi ng donor

sheets that have Iengﬂh and width dinmensions of a neter or nore. In

oper at i onmaging Mpltiplgintsglayers ca Byptssenbt her wi se moved across the | arge

donor sheet, St | 8 ons of
10 the donor sEEré% aglc;ﬂcrg?%tﬂg to %E{lj’elg‘?{rlaeﬁl gglgdt?tgr %tg a%ﬂédr‘ﬁg%]{k@{ %M{ﬁ% | aser
may be stdnmensnang/of ametet bemdomn dn opération, arlaseecaphenastered i otiteevise umgedeneat h

t he | aser. 0 | stances,, it be .nece sar si,r abl onveni ent
to° sequontaraiGe B SapES st lash Pring SN ab i LrbEn LD paiaRat r on ¢
devi cgp %e@oﬁ&%@ét%corﬁf?z? 164 SRt patt&ial tAl&hﬁtﬂv ed&\éf 78§ b stibgary or ned
by transferring separate [ayers or separate stac of 15 layers from

di fferentalt!bthgriowéb@%Ofmﬁpfptmﬁatgmébmtbaﬂlgéﬁs% transferred as a
Single  ranst gr bl LD sl BOhE 0RO ST O oo Bhic R AT Byl
ransport |ayer an ng &t can “beé co rans rre Fom a

si ngl e dotwa or ﬂSre@meérbﬁtrdomﬁmbe to aomsammcumcleyen petepE. Borckxamply)yi SSi ve
| ayer can be co-transferred froma single donor. Miltiple donor sheets can
al so be uBeHiPIglayerdevicessanbetopmed by Baisderring m@raé%lweqsgyéﬁpa&ﬁe stacksipd
recepior. o) f sfer

I ayerfso rrg%ém n Mfefmt E?ﬁ(g%h%téerﬁggﬂ%bpe %%Qt%%, bg%nsﬁﬁgfgﬁiﬁggol or

(for exanmmsfernmd frcgm eemgle dondr éilemel)t @@nemms,erhdi@trm;mnm& suba hghtel OEL
devi ces for, af mtting electronic display. As

pol a ht
ot hey omitfryver GBhseRRpanrs Som Suhele doide AIIGIHEr SBMICHe pat & of nod
via ther n?émléélﬁﬁ@tfl@er pcflﬁﬂ@? Qﬁ!lea.n%ﬂ@éive I%?érlcgﬂvﬁg c@-ﬁt’raﬁﬁ%ﬁ&l ¥ 451"@15@!)n&5

transfer of em ssive ayers fromone or nore other donors to forma
plurali tyMNﬂtlIﬂEﬂoan‘éhWt%@m aisoebemssélcaﬁpnnlsbmata comeammm the santedlayesompt or or

H gg:% Lo s ecep?ol#r {:grc gxa(r:n% e, fred f%%ren& 8orf106r1§: ha{ h afd transfet:rng)%? transfer

comprising a light emitter capable of emitting a different color (for example, red, green,

and blue) can be used to form RGB sub-pixel OEL devices for a full color polarized light
emitting electronic display. As another example, a conductive or semiconductive polymer
can be patterned via thermal transfer from one donor, followed by selective thermal

25  transfer of emissive layers from one or more other donors to form a plurality of OEL
devices in a display. Plasma treatment of the receptor or transfer layer surface can be used
to facilitate any of these transfer processes.

As still another example, layers for organic transistors can be patterned by

selective thermal transfer of electrically active organic materials (oriented or not),

30 followed by selective thermal transfer patterning of one or more pixel or sub-pixel

elements such as color filters, emissive layers, charge transport layers, electrode layers,

11



As still another exanple, |layers for organic transistors can be patterned
by selective thermal transfer of electrically active organic materials
(orient edworosnetsyz 30 foll owed by sel ective thernmal tran®icarupasi2ey ni ng of
one or nore pixel or sub-pixel elements such as color filters, em ssive

| ayers, charge transport |ayers, electrode |layers, 11 WD 03/047872

PCT/ US02/ 33209 . and. the |ike. Plasma treatnent of the receptor or transfer
| ayer surft@ediks Elasmafgatmsnt pLbE reoepioeonisnshr layse surface sar bepseditocesses.
NhterialsﬁEnggk§ﬁpgf@k§”gﬁgﬂ% ﬁﬂ£§%§ can be transferred adjacent to other
materials on a receptor to 8rn1a j acent devices, portions of adjacent
devi ces, or di Matereis franstpanats doborshedtheanstarteandfewied adjadérit &0 othtr madenials

materials fromseparate donor sheets can be fransferred djrectly. on top
o “or | nOBARHERIOr BB ARGEH dGY o ROFOAS A ACEG ratces cp BB ROREQI o &
previ opsl yr BakhRe B8HcQ A Rerh Ayl R GeAdrRlis @amtsbfmehoﬁ&%ﬂé t§ barWe FRrfiNer
met hod (e.g., photolithography, deposition through a shadow mask, etc.).
Pl asnma t r ueatkyren top of, loe in pastiadverlying regisiratibr withagther kyers ac mateaialsbe used to
facilitate any of these transfer processes. 10 A varie of other

conbi nati B0t Rl OER abb ISR BLREERE T i SréBimeiia ot Cltev ce,
each donophsbiibgrhptiy]idegbsitive thfough hehaddist nadks eRf). PRanA_Matifent bFthei | | be
understood that other portions of these devices, or other devices on the

recept or , resgRtoher transfes ipyensur{pee can by used to Raelitalg amnof these: teassfer prosesses

I ncl ugj ng phot gl t. Rl 5wl | , vad | OUs

ot herﬂjpri nt i nggo‘;ra}lE%- basrg(c)i&[p)ir}%gglzssogstw b g{oﬁ%crlor{é(%%@egﬁfﬁe%#gﬁlpgd tf?){l?géd or
new y devétvigesdachAonbt shest foahg dne o gk porflonsoftthe dévisd detvilRBduaderstost | ude
a donor sybstrate 210, 211[11 gpt.i onal Hnd rlayer 212, an optional .

i ght - t 0- HBhPtheoRRTEoRS of thqse fpyages, g einerdgyices,on thegecepter) maype farEpdin 216, and
a transf eqhbRYR1in gdBby INFsHARNR oSt RlifehBidTiRib it RBLAERT infdibim Or any
ot her suitable, l.rpl)gef esr/%}gfi/ 20 ptrransparentg,%ﬁ‘lsubst rgg:ﬁ)e. l%Ble suf;tat'}{ete type of
pol ymer f ptogedsss, angwarjas tother prihtmg dromasindsasgsd procespes, whethyt enwentionePit hal at e
(PET)lcsor 190| yethéie e ag(?thal ate (PEN) filnms. However, other filns with
sufficilen Segpﬁrin y%rVS%B ‘ies, including high transm ssion of light at a
particul ar wavakemgtiied o Figubd 2,6l @nbr R0V @ linckidt 4 dsiorBlbshidRi1b) dny
properties, depending on the particular application, can be used. The
donor subseptienabunderlayar 21 & aaopsional lighttahest sonveesions(LIEHE) lepert2i4s anuni f or m
coati ngs 4] . h substrate is also typically

sel ected §§t(1)or¥1]%ﬁ%1t§e§i;a. arldzsl%t %‘fg{r}%nr?g}ﬁa}%?gﬁé despite heating of one or nore

|l ayers of theTHed6ror strifst@iEI10 can b apolynie dillaelr any otheesiifablelipietalily an

under| ayer between the . .
2 transparent, substrate. One suitable type of polymer film is a polyester film, for example,

polyethylene terephthalate (PET) or polyethylene naphthalate (PEN) films. However,
other films with sufficient optical properties, including high transmission of light at a
particular wavelength, or sufficient mechanical and thermal stability properties,'depending
on the particular application, can be used. The donor substrate, in at least some instances,
25  is flat so that uniform coatings can be formed thereon. The donor substrate is also
typically selected from materials that remain stable despite heating of one or more layers
of the donor. However, as described below, the inclusion of an underlayer between the
substrate and an LTHC layer can be used to insulate the substrate from heat generated in
the LTHC layer during imaging. The typical thickness of the donor substrate ranges from
30  0.025 to 0.15 mm, preferably 0.05 to 0.1 mm, although thicker or thinner donor substrates

can be used.
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substrate and an LTHC | ayer can be used to insulate the substrate from heat
generated in the LTHC | ayer during inmagi ng. The typical thickness of the
donor subwoOrabersranges from 30 0.025 to 0.15 mm pref er ablPgTAIS0H331209 0. 1 nm
al t hough thicker or thinner donor substrates can be used. 12 WD 03/047872
PCT/ US02/ 33209 The nmaterials used to formthe donor substrate and an

opti onal adjacent underl ayer can be_ selected to i nprove adhesi on between
the donor substhamatesials usetofara thedrer sybstrate gpd ppprial adiacgnsprderlapat ween

t he subst tat : i i =1 r.ansport
o the LT oy hetd18 B e beSion ti GAPd Binok HRAIRY apll Y ik ik T0POS
prim ng | eyrewol beat thaespostebtweeni the subasate and fherundenfaydr ito nopttdiémagiagi ng of
subsequent .layers onto t strate or increase.the ngi ng .strength

Dot ween t HEIR GansaRup A £t devehc ebise IMAEjEs GoTees B e HE- ABSIPFBRE! An
optioral wndefliayEcarbe udo %r@a@@hﬁi%xﬁ’fity%uﬂ%@%é&aﬁh%BPﬁx%gecfﬁ%ﬁﬁ’ﬁﬁ}é gndgﬂgr

substrate and the LTHC | ayer, for exanplé to control heat flow be
subst r at eontndhe substrate ot iNkKGasethe bortling sitenigthalesitweendhe tonqysubstute andc hani cal

stability .o t dono I nt for storage, handling, donor processing, or
i magi ng. Q%Pgé’?rgforéﬁt?‘tgggﬁre&nderl ayers and methods of providing
under | ayers ar gn@ptichfubferiayet? 12 mBAbEEdatddor obhetwibe dRposdd et daraioRdr

herein by reference. The under|layer can include nmaterials that inpart

desi red nibsaeaad therL THE daysr, fonéxapdiercontal heat flows betdesn the suhstrate amby
PPl AT B S 0 DS AT LA i PR dtse 11
subst r at estoifge,thaadling) dendrgyyedessing, opémagingl Examples efcsuétabie ahddrlayerstaadt he

transfer |layer, for .exanple to inptove fhe.i ing.sensitivity of the
donor . TretRgbel By sty HE RUIOSHEAGY-Sap eriafo. bt eiatomprsisd
properti egerfin tyQkferdfideadhesi on between the substrate and the LTHC. Using an

underl ayer that inproves adhesion between the substrate and the LTHC | ayer
can result in Thesndirleyercan melude materials thahwipartrdedirédmegehanichl atebémedl. As -an

exanplJe, i n sone cases an.underlayer can be used that. reduces. or

ol 1 Wt BB BF RO g1 F o Moty UEHEGETE PP af BREiER BT, ¢ ha
m ght ot hgihibit § 16 SpcifillidaNg dbﬂ"ﬁt?!o? B ihekhfl SRMRVITR M1ative DIt &sHdr F educe

t he amount of 25 physical distorfion exhibited by transferred portions of

t he transsubstratay 8nch amumgdeHayer aeayds, used tonmorsasei eahiigw bethd émnsfablager; forenpl oy
under | ayers t a£ J rom)tt at l.east iio g&%}ee of separation between or
among | ay&PERIG PYGF HY2e o Peng é{ﬁiESP %BP'oduce an air gap

The underlayer can also include materials for their mechanical properties or for

20  adhesion between the substrate and the LTHC. Using an underlayer that improves
adhesion between the substrate and the LTHC layer can result in less distortion in the
transferred image, if desired. As an example, in some cases an underlayer can be used that
reduces or eliminates delamination or separation of the LTHC layer, for example, that
might otherwise occur during imaging of the donor media. This can reduce the amount of

25  physical distortion exhibited by transferred portions of the transfer layer. In other cases,
however it may be desirable to employ underlayers that promote at least some degree of
separation between or among layers during imaging, for example to produce an air gap
between layers during imaging that can provide a thermal insulating function. Separation
during imaging can also provide a channel for the release of gases that may be generated

30 by heating of the LTHC layer during imaging. Providing such a channel can lead to fewer

imaging defects.
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bet ween | ayers during imging that can provide a thermal insulating
function. Separation during imging can also provide a channel for the
rel ease oWvogamers7i hat nay be generated 30 by heating of tIRETIURbE3I209/ er
during i mgi ng. Providing such a channel can |lead to fewer inmaging
defects. 13 WD 03/047872 PCT/ US02/ 33209 The underl ayer may be

substantial ly ans ent at the inmagjng wavel ength, or can be at |east
partially abs o&b‘f p{}(ger Ve Tagy l%"cﬁui%?émb‘giyi aignt at Hie Apgips WAVEIsngth oranor

ref | ecti oge afQbask PRGN abREtAE 0P PefR¥LIVSE IHPAGRIZ A% SHork ARt dRatGES feBeGRAL I O!
heat generation during imaging. 5 Referring again to Figure 2, an LTHC

| ayer 214ofiamging iad@tion by therundentayer ednclst used to canitr] heat generatiomdamingon t o
couple irradi.ation energy into the donor sheet. The LTHC | ayer preferably
i ncl udes 4'#&% ation absorber that absorbs incident radiation (e.g., |aser
l'i ght)s and COR\éMﬁﬁ% adairl ®FGEure 2P LTHC 18¥ert28 chinbé BRRided afldaiot SHeetsyfo heat
to enable transfer of the transfer layer fromthe donor sheet to the

r ecept or . the@resspiinyentipn te peupleuradiation cagrsp inde thesdonprsheple ThetiTH@aster absor b
light in L0k ik bl i t .

el ect rona%%gﬁr%l@&sllg%%%rs g %Xcg%ﬁ c%ﬁ(\)/lgh tlﬁ% i@%&éﬂgggﬁ%@?&p %ﬁ?gt?%'%hﬂ?%rtlbghﬁeat. The
radi at i onambsaivers ftd¥asan poitippiof el igciierg hidiatidnsiatodicatte enfible ransfeicd fahié ed

i magi ng radi ation, proyidin n LTHC | ayer with an optical density at the
wavel engt % ertlﬁ)éerifq%}l}qélop(groq%g@titgﬂlqrﬁcqpﬁg. range of about 0.2 to 3 or

hi gheyy Opti calgeddalififd tadiafibn abdofeRls) irnsthb RATRDEYLUbSors HohEinGhe ilMfired

| ogarithm (baseelo)aﬂg’f thelar a?i ooof {S?’le I ntensity oforl i &ﬁt 1r1t r%nsm?t’ed

t hr ough t hisibla e nlttayial¢teegionsarfdhe glecsfonmagyhtic specirdenand oonvertehe hlzspered

Radi at i on_absor ber terial ..can be unifor . di.sposed .t hroughpoyt the LTHC
ayer or METODATR A, A SRS D LS BERPESLRIRRE oL e deccr | bed
in US Palleiéd Naging@dftion,PrSading anN- 601N &n bﬂljtﬁ_@ Hénsey at han be used
to control tenperature profiles in donor efenents. This can give rise to

donor shewgsclength ohthgdmpgipg sadiationrin therrenggnicbent §-2 ¢ 3 pehigher. Kanticak fi delity
bet wegn t k.0t r . er .. rns).

Sui tabl e Vsltd? BBRE AE ReBlu e PCONEe Ml R IOR SRR 0L
(e.g., vinitdisiydyHght ttinbmited shretgltthe Sayet &f thairehsity @f light ilcid@s @anhe dyes, and
radi ati on-pol ari zi ng dyes), 25 pignents, netals, netal conmpounds, netal
films, an®Y8ther suitabl e absor bi ng materials. Exanples of suitable

radi ati on abso £S ) o |

sul fides. One gggiﬁg?‘lég%? Fﬂaé?gﬁfe{i-ggf‘agmf%ﬂ?o] a§ec§gpco§ér(1d @ﬁ@gﬁlgﬁe}qgé%?glgelﬁ e,,r such
as car bonor can be non-homogeneously distributed. For example, as described in U.S. Patent No.

20 6,228,555, non-homogeneous LTHC layers can be used to control temperature profiles in
donor elements. This can give rise to donor sheets that have improved transfer properties
(e.g., better fidelity between the intended transfer patterns and actual transfer patterns).

Suitable radiation absorbing materials can include, for example, dyes (e.g., visible
dyes, ultraviolet dyes, infrared dyes, fluorescent dyes, and radiation-polarizing dyes),

25  pigments, metals, metal compounds, metal films, and other suitable absorbing materials.
Examples of suitable radiation absorbers include carbon black, metal oxides, and metal
sulfides. One example of a suitable LTHC layer can include a pigment, such as carbon
black, and a binder, such as an organic polymer. Another suitable LTHC layer includes
metal or metal/metal oxide formed as a thin film, for example, black aluminum (i.e., a

30  partially oxidized aluminum having a black visual appearance). Metallic and metal
compound films may be formed by techniques, such as, for example, sputtering and
evaporative deposition. Particulate coatings may be formed using a binder and any
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bl ack, and a binder, such as an organic polyner. Another suitable LTHC

| ayer includes netal or netal/netal oxide fornmed as a thin film for
exanpl e, Whagk4®mrum num (i.e., a 30 partially oxidized al meirnisa/seed ng a
bl ack vi sual appearance). Metallic and netal conpound filns may be forned
by techniques, such as, for exanple, sputtering and evaporative

deposi tion. I’tICU| at e ormed usi a_bi.nder nd any 14
V0 0/ 0a bR BB SebRatec By LI (SEF G iRb B mpa Ry EhmBRE ™ Lric

| ayers cafydrifored THT MBRrsontadiiig sliniigr of diSsiMilanmateriid HEor dxfipke, @@t ai ni ng
simlar or dissimlar materials. For exanple, an LTHC | ayer can be forned
by vapor HE@Edpyarean he farmed bayeporsiepesitingca ﬁnmlawmnﬁwrahanmumwehg t hat
cont ai ns Dyes suitable for use as

radi ati on&%gggr aie)%é}%mgh rﬁ%f_'@ﬁle% dis Sgg%{j tre’mg?r)resent in particulate form

di ssolsved i n aDbéeswiétabledbrarse ab radmtloatabioebm ipaLTHA layerdtas pepseséhtim a bi nder

mat eri al . V\hen dispersed particulate radiati absor S ar .us _d, t he
particl e Rargenlatgfonm, dlssalt"eﬁ?éh%‘ﬁ’mfi‘?’f Ig%}ﬁ%aa?féit g(d{lipeisﬁ ideess, and

may be abgiferidi, TWAEn Ui n 48 érsed%ﬁ&lmt@radﬁaxﬁﬁ ab&%éi&’ﬁretdéé’& thed;)( clb BﬁE caPRErb in
the IR region of the ectrum A specific dye can osen based on
factors satdéastim, sosm mitaﬂmes,)abomt, 10qurd oc tesp and Imdylttc)abmntt lhumzbr $echhitabldi nder

or coating sol t. as.well t he el en ange of bsorpti.on.

Pi gment ars?y cudefhasedygs Hias absgm ey Wgtq%é)rh ge e?lﬁ&@é{? &

absOr RET She cHeKelThAsEE oR achts bl & RIBIRNS ana%ﬂlg@mﬁﬁw% 3 pedii8 Bhder
graphite, as well as pht hal ocyahi nes, “nickel dithi ol’enes,

pi gnent s Qtwahng)sdwm as\&H #ehe whicdenglibraBgd 66atBstiand 5, 351, 617.

Addi tionally, Rl ack, azo nts gsed don co}g.gﬁblor chr am um co | exes of,
for exanmple, p Brapn malemials §ap alsp BR pagddp the ARG anradaEen F1 ow can
be usef ul ExdlﬁﬁlEQ@FHu@taﬂbW@ﬁérﬁs ﬁ@lﬂd@b&@o@@laﬂ&% gx’a%lﬁ{euds well ad or exarml €,
oxides and sulfides of netals such as alum num bismuth, tin, indium

zinc, titpirhalagyasinesmickel dithiolopesdandiother piggisnts desceibphin V.S, Si PatgNosn  ni ckel |
pal | aPH “ﬁ 1%@2} &gd‘%r 3§PBPFrAdc§h!&ﬁé iy b19§i!r 1&8 éaggméﬁtE g&@h ok e? Ot chr§Rfumand

telluriu Tdes, ‘car car boni tri

bronze- st dfd:ﬁ;ilux@d)foﬁor dmnple,rwrmlode Feltdw,Widnisidink yed, ahdihiekle]tago yblow eanze
famly (e g., nmay al so be used. Metal radiation absorbers nmay be

used, e| thFe‘Fsef‘H ngw mgmenﬁaﬁa{l plsp b useds ingluding, ferexample, p¥idesAde in U. S.
Pat . s‘hl%é«% oF ta19 Eu Sas aﬂdrﬁ'i’huxggﬁls hﬁlchf? Siﬁ&‘iu}nn ZHF Slta.ll? ﬂltn %‘?mu%ﬁ

5, 256, 506 ul tabl e or ’ exanp um nuny smuth, tin
i ndi um  elybdenumm tangttm, mbalt iridium, nickel, palladlum platinum, copper, silver, gold,

20  zirconium, iron, lead, and tellurium. Metal borides, carbides, nitrides, carbonitrides,
bronze-structured oxides, and oxides structurally related to the bronze family (e.g., WO,.)
may also be used.

Metal radiation absorbers may be used, either in the form of particles, as described
for instance in U.S. Pat. No. 4,252,671, or as films, as disclosed in U.S. Pat. No.

25  5,256,506. Suitable metals include, for example, aluminum, bismuth, tin, indium,
tellurium and zinc.

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

30 ethers and esters, nitrocelluloses, and polycarbonates. Suitable binders can include
monomers, oligomers, or polymers that have been, or can be, polymerized or crosslinked.

Additives such as photoinitiators can also be included to facilitate crosslinking of the
15



Sui tabl e binders for use in the LTHC |l ayer include filmform ng pol yners,
such as, for exanple, phenolic resins (e.g., novolak and resol e resins),
pol yvi nylwbusypsmb2 r esi ns, pol yvinyl acetates, polyvinyl 2CEshy33209

pol yvi nyl i dene chl ori des, polyacrylates, cellulosic 30 ethers and esters,
nitrocel | ul oses, and pol ycarbonat es. Suitable bi nders can include

nonomer s ol rs t ave been nerd zed or
crossl i nk%'ghc’g% tfh\llé%mg ﬁn;ﬁglelbtﬁ ﬁ fﬁlgtpgpgah&y %@F@BSIB%E‘E ?{"ﬁ’d’éd to
facilitatgoslipkable ﬂ{@na&egformgoé&swlp&j&ﬁawyﬁ@ / US02/ 33209 LTHC bi nder.
In some enbodi nents, the binder is primarily formed using a coating of

crossl i nkabl e ﬁb&‘nm&s@nmf adh«?rg@p@ﬁtsc IRFINKE.8p PPLyMEr) geolippeqve, Miaeldagtsomsi on of

L n oo, Dl ST R PSR B R o

the LTHC {hought.thdtta tham@atsh@t@himimpravd the adingeloasdfitie LEHCraydRyo thepr ove t he
adhesion of the LTHC | ayer to the donqr substrate. In one enbodi nent, the

bi nder i néqngyesubsate; anGe frmbogiment fhechindsr inelndes g5 (.0 Whiletexeludingithg i ng
wei ght  pefGant LR ehl tﬁ% %hf ge?éé?nt) tR8tho Pisﬁ{; Fcrsﬁg ? extaBI 430 15 %0

t her nopl astic resin, wer armun astid resin may be
used (e.ot %metmoplﬁstm%i@ altllimghtlhwcrrmmw mfdhcmmpiastlsrdsynnc;albd ysedhosen to

b t bl h t th t th
ot or1 51 s R By ThE IR RoR R reSs D RBBUIHEN S PR RS mc i

resing hafon'ﬁaa'so@ IﬂﬁlsélE’éxhbﬁl%tld)ﬂ'b@ﬂi&h@éthbﬂmhﬁéﬁalﬁ%Mﬁé hde?. tiPatlchst some
(cal/cnB)1"2, preferably, 9.5 to 12 (cal/cnB)1"2, is chosen for the binder.

Exanpl es enbodimientsht thermhenlassisiresin thet hasi selubil Ipan@mlw therrgngecaf 9 to 13

styrene-a 1/pql d. V, I

Conventi o °§V°‘8 ati ﬁgfn}a 55 1}36%;{8(%2?%@/% 1,sn a%ﬂ‘c‘tcgﬁrgﬁe¥l fg 3“%%% gxaﬁ%p]l%sg%fnts can
be added sdlﬁbfe&ﬁbﬁﬂdp@dsﬁc tésﬁls(iﬂcﬂﬁdd‘p@)hl%ﬁﬂﬁs Styrdieadrfliipdidyiers afid feshs, ant ed
onto the donor substrate wusing a variety of coating nmethods known in the

art. A poPSlrenytbyyrabr gani ¢ LTHC | ayer can be coated, in at |east sone

I nst apgces, to :

and, g%r e pref g? ﬁﬁnﬁ%ﬂ%%aﬁ% gdsoguclqnatstgnorcééaﬂrﬁ Q{(ﬁlﬁ;ﬁ g% %en%é(?] %%c oat ed,
i n at | eattfaciditae thesbatmgelsrpc&s& &h¢ hTHKrleges cambe beatedorge tlmfdoﬁoﬂﬁtbStrate 10 m
and prefer.abl

Nt or | ay ehsings Visitly gLe ttﬁgég%%ocﬁimer pif et urpemagepr sreaia Tl et or
cont am nagan PUTRE FYGR PR 188aKEE o 8 (RERDERY 03 e 0B e e ey
al so redu0s i sd DO funyand, Mdrb prdférahﬂy,f Epumead 700m! Aarinérzati e;m&msyéxafan lbayer .
The 2n(§ e <|:oaa>t/§1r, in at least some instances, to a thickness in the range of 0.0005 to 10 pm, and

preferably, 0.001 to 1 pm.

Referring again to Figure 2, an optional interlayer 216 can be disposed between the
LTHC layer 214 and transfer layer 218. The interlayer can be used, for example, to
minimize damage and contamination of the transferrec} portion of the transfer layer and
25  may also reduce distortion in the transferred portion of the transfer layer. The interlayer

can also influence the adhesion of the transfer layer to the rest of the donor sheet.

Typically, the interlayer has high thermal resistance. Preferably, the interlayer does not

distort or chemically decompose under the imaging conditions, particularly to an extent

that renders the transferred image non-functional. The interlayer typically remains in

30  contact with the LTHC layer during the transfer process and is not substantially transferred
with the transfer layer.
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can al so influence the adhesion of the transfer layer to the rest of the
donor sheet. Typically, the interlayer has high thermal resistance.

Pr ef er ablwp oshersint er | ayer does not distort or chem cal | pCadsonpa2se under
the i magi ng conditions, particularly to an extent that renders the
transferred i mage non-functional. The interlayer typically remains in 30
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nmetal |aye ?e vapor ep05|?éed metal |layers), inorganic |layers (e.g.,
sol - gel dmmsutddddydrayémsranm oxagss (e. aeﬁlb% tlmla,ayréoémeomet oxides)), endxi des
(e.g., silica, ania,_an ani ¢ Qrgani c
Commosi t e EagEtorb @Rt SimEtile PR, Bl plli Rl iB 3 ingfladBineleh 275
include bpktude Bemrtﬁ@rﬁ{osarwhdtﬂhampnhtmhtenﬂat Stit#blSthePtibde bR ribl eididet
materials include resins that can be crosslinked by heat, radiation, or

cheni lcal ktes@am@émn hearpssdinkesd bykeat.fadiation, a1 ¢hemiea) treatmeat incliding, byt not |
oo yur et hEd RERXAINGA e Sos I boRGY R BTSSR, 27

as, for eequmspandtpwymfahhmt The fHietinoges materialsctan bb seafod ontothe L HE! laydeed t o
forma 10 crosslln rlayer bl e t her nopl ast c terlalsmclude
for exanpieforssrya gne astw@a?cwefsr?g?rswssﬂ%@tlypfawﬁ dnder

pol yujet haBedinkfPinysidyéones, polyesters, and polyim des. These

t hernopl astic organic mat erials can be appl I ed via conventional coating

t echni ques (f&mltaéi@aﬂnpﬂnmplwbmnadﬂmclud@ forsyxample; palynerglatasy ext rusi on

coatin a 15 tl‘ ’l 11

S o) agRefitrathten BTyt AR B3bLRHRE PRDH TSR YR sl o biamiges,

greater, Pr&k qsemb?ﬂaé& Srgiiic ia@dia®y can b apSINER veNEGHiciRsta$ codting tédﬂhﬁlﬁﬂséﬂyer

i ncl udes a thernoplastic material that has a Tg greater than any

t enper at utfer example é@llvr:mt Oph@ng, SPray spaing) efaxirugign pﬂ@mgbra@mallym@ glasser | ayer
b h ,

Chor o ' i ich ERRELRRE Y oAMRARAAR mal Sl lpE rolee SO IR ERHINDR ' O

sui tabl e 25°C b géht&t’@feféﬁab@rﬂ(ﬁ’bsorl gﬂ@itétd@n sdn@er exﬁu@dtmleﬁcs the iribrdayer Met al

oxi des, netal sulfides, and inqgrganic carbon coatings, including. those

mat eri al sinchides a ﬁwenﬂmlgmcyn%tﬁxaﬂémté@s ¥ & geatepthap any {empgratursattpiggd imige) i ght
wavel engt f,, s-fé}q%fer Hﬁltlﬁé aﬂle 1H%r1§9é?|cbﬁge Lither %nérhlgﬁ{/e,taﬁsd?ﬁiﬁ% conversion
| ayer via conventi ona que ., vacuum sputtering, uum

evapor at i meflective, pt smmacqndnnatmndherbofoat)the fagiigeradiation hayelengthn provi de a

n f nef i i f ir Th r n
u nbei of be e{nog' Samc matgleigls sgl able aselnter Ei)?er rr?a¥§r{alsci%clugg, t%r example, metals,

metal oxides, metal sulfides, and inorganic carbon coatings, including those materials that
are highly transmissive or reflective at the imaging light wavelength. These materials can
be applied to the light-to-heat-conversion layer via conventional techniques (e.g., vacuum
sputtering, vacuum evaporation, or plasma jet deposition).

25 The interlayer can provide a number of benefits, if desired. The interlayer can be a
barrier against the transfer of material from the light-to-heat conversion layer. It can also
modulate the temperature attained in the transfer layer so that thermally unstable materials
can be transferred. For example, the interlayer can act as a thermal diffuser to control the
temperature at the interface between the interlayer and the transfer layer relative to the

30 temperature attained in the LTHC layer. This can improve the quality (i.e., surface
roughness, edge roughness, etc.) of the transferred layer. The presence of an interlayer
can also result in improved plastic memory in the transferred material.
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barrier against the transfer of material fromthe |ight-to-heat conversion
|l ayer. It can also nodulate the tenperature attained in the transfer |ayer
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interlayer can act as a thermal diffuser to control the tenperature at the
i nterface between the interlayer and the transfer layer relative to the 30

tenperature attained in the LTHC l.ayer. Thj.s n inprove the.quality (i.e.,
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interlayer typically is in the ran%e of 0.005 mto I0 m Referring again to
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that can he for usi ng.thermal transfer_as. described herein L di spl ays
and dovi o6 WEHET RyfiIRGRITALY FHSEH EB T HCLSE BTSRRI APLFESRER be made
by t her mahokibABS{tR rankfer Wivbd tolike ret&i®rdni zed that a variety of different
articles can be made using the techniques and materials described herein

i ncl Ul ng t he Qsganistelgatepdyminescent (A1 displayaend fevages arg exanipes of articles
that can be formed using thermal transfer as described herein. OEL displays and devices

are further described to illustrate how articles can be made by thermal transfer. It will be
recognized that a variety of different articles can be made using the techniques and
materials described herein including the use of plasma treatment to facilitate transfer.

25  OEL displays and devices include an organic (including organometallic) emissive
material. The emissive material can include a small molecule (SM) emitter, a SM doped
polymer, a light emitting polymer (LEP), a doped LEP, a blended LEP, or another organic
emissive material whether provided alone or in combination with any other organic or
inorganic materials that are functional or non-functional in the OEL display or devices

30 As an example of device structure, Figure 1 illustrates an OEL display or device
100 that includes a device layer 110 and a substrate 120. Any other suitable display

component can also be included with display 100. Optionally, additional optical elements
18
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20  intended backlight area. Alternatively, in other lamp applications, device layer 110 can

constitute a plurality of closely spaced devices that can be contemporaneously activated.

For example, relatively small and closely spaced red, green, and blue light emitters can be

patterned between common electrodes so that device layer 110 appears to emit white light

when the emitters are activated. Other arrangements for backlight applications are also
25  contemplated.

In direct view or other display applications, it can be desirable for device layer 110
to include a plurélity of independently addressable OEL devices that emit the same or
different colors. Each device can represent a separate pixel or a separate sub-pixel of a
pixilated display (e.g., high resolution display), a separate segment or sub-segment of a

30 segmented display (e.g., low information content display), or a separate icon, portion of an

icon, or lamp for an icon (e.g., indicator applications).
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when the emitters are activated. OQther arrangenents for backlight
applications are also 25 contenplated. In direct view or other display
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for exanphuothes caloni dheseand gther puch layars and matsriela gen beussd e alterpr gunsithe d
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conf i gur aliésired cufrarthvoltageesins e tai desiréddavitd esficerryps tesied ca8hf),a desirehode 252,

a cathode 254, and a |ljght emtting 20 |ayer 256. The configurations of
Fi gures 4bnghipesssnd|theliksc) ude a hol e transport |ayer 258 and the

260, “These | B e o A < S OLE 8 cbAARe R, FRF”
cat hode, cadigacitionengludes Blsebsirabai2 (R 52 arowst 2031 herdlzod@2>44 aarel 4 lyght enditting f or med
usi ngzoconfialglgrt ig%g ﬂ%tc%glhglllr%tions of Figures 4C and 4D also include a hole transport layer
258 and the configurations of Figures 4B and 4D include an electron transport layer 260.
These layers conduct holes from the anode or electrons from the cathode, respectively.
The anode 252 and cathode 254 are typically formed using conducting materials
such as metals, alloys, metallic compounds, metal oxides, conductive ceramics, conductive
25  dispersions, and conductive polymers, including, for example, gold, platinum, palladium,
aluminum, calcium, titanium, titanium nitride, indium tin oxide (ITO), fluorine tin oxide
(FTO), and polyaniline. The anode 252 and the cathode 254 can be single layers of
conducting 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, a layer of calcium and a

30 layer of aluminum, a layer of aluminum and a layer of lithium fluoride, or a metal layer

and a conductive organic layer.
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Pol yrers and, Ml ecul d%?ésc?r%ni’c HPHS 2 ?éﬁﬁﬁég‘?f bot h

Phot oni ¢

of which w@33mar(pwlatlﬁﬂhbewmcn afb’mé@’beﬂ’awd(l&relﬂ_t)?r&b&ﬁéd’ on transport |ayer
260 facilitates the injection of electrons and their 15 mgration towards

t he reconbi nat TBael f@ﬁ@l tramsporg layen 20 fagilitatesthe injgchign of dlegrensand thaiher  act
t As
e BT RS 05 LIS CALIRNE ARt o et o

or ganonet adtlas @ baaiep detrthe passge&f hbled m)bhyapamndd: 254))f delsined. msmn(eﬁhma)e, thet her
exanpl es of el ectron ran ort rrgterlals ncl ud

1, 3- bi s[ 5eleeirqnitranspp Yﬁ'&/ PR usIog t ear-ga;z%laﬁalilacowgw}do'@ﬁ%ne 2 20
(bi phenyl hftbidl o aauaﬁmemyj S\ RRBRY bl eidtontra¥ach AgRkigIs( { BUPED)

and ot her npounds described in C H , Macronmol. Synmp. 125, 1
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compounds described in C.H. Chen, et al., Macromol. Symp. 125, 1 (1997) and J.V.

Grazulevicius, P. Strohriegl, “Charge-Transporting Polymers and Molecular Glasses”,
Handbook of Advanced Electronic and Photonic Materials and Devices, H.S. Nalwa
(ed.),10, 233 (2001), both of which are incorporated herein by reference.

25 Each configuration also includes a light emitting layer 256 that includes one or
more light emitting polymers (LEP) or other light emitting molecules (e.g., small molecule
(SM) light emitting compounds). A variety of light emitting materials including LEP and
SM light emitters can be used. Examples of classes of suitable LEP materials include
poly(phenylenevinylene)s (PPVs), poly-para-phenylenes (PPPs), polyfluorenes (PFs),

30  other LEP materials now known or later developed, and co-polymers or blends thereof.
Suitable LEPs can also be molecularly doped, dispersed with fluorescent dyes or other PL
materials, blended with active or non-active materials, dispersed with active or non-active
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(ed.), 10, 233 (2001), both of which are incorporated herein by reference.
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subst r at e9gy/8536AhHhE of ahichike Mesrpeitcltibréth bpréféreapn! i cations. For exanpl e,
substrate 120 can conprise_glass, clear plastic, or other suitable

material (s) t hBefepingmbackdoBiguemt.idgyicy layer hklis dispesadomsubstptel 0. ght .
L My s iy
mat er i al sexamplElsubstiate EX) caarcompripaglhsse clear plystepaagivdrishiteblé matbaiais)ehatue t o
ex pOSZUOr © are substantially transparent to visible light. Substrate 120 can also be opaque to visible
light, for example stainless steel, crystalline silicon, poly-silicon, or the like. Because
some materials in OEL devices can be particularly susceptible to damage due to exposure
to oxygen or water, substrate 120 preferably provides an adequate environmental barrier,
or is supplied with one or more layers, coatings, or laminates that provide an adequate
25  environmental barrier.
Substrate 120 can also include any number of devices or components suitable in
OEL devices and displays such as transistor arrays and other electronic devices; color
filters, polarizers, wave plates, diffusers, and other optical devices; insulators, barrier ribs,
black matrix, mask work and other such components; and the like. Generally, one or
30 more electrodes will be coated, deposited, patterned, or otherwise disposed on substrate
120 before forming the remaining layer or layers of the OEL device or devices of the
device layer 110. When a light transmissive substrate 120 is used and the OEL device or
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char carrjer), or a canbi.nation thereof, In addition to thermal transfer
ng actfve lgyer ?e. g., an glectnca {y acgve ayer such as a layer that produces, conducts, or

semiconducts a charge carrier), or a combination thereof. In addition to thermal transfer

techniques, some layers may be formed using other techniques including, for example,

chemical or physical vapor deposition, sputtering, spin coating, and other coating methods.
The present invention contemplates light emitting OEL displays and devices. In

25  one embodiment, OEL displays can be made that emit light and that have adjacent devices
that can emit light having different color. For example, Figure 3 shows an OEL display
300 that includes a plurality of OEL devices 310 disposed on a substrate 320. Adjacent
devices 310 can be made to emit different colors of light.

The separation shown between devices 310 is for illustrative purposes only.

30  Adjacent devices may be separated, in contact, overlapping, etc., or different
combinations of these in more than one direction on the display substrate. For example, a
pattern of parallel striped transparent conductive anodes can be formed on the substrate

23



techni ques, some | ayers may be fornmed using other techniques including, for
exanpl e, chem cal or physical vapor deposition, sputtering, spin coating,
and ot herwomawimsg net hods. The present invention contenpl Ce&aIsh/gi209
emtting CEL displays and devices. In 25 one enbodi nent, OEL di splays can
be made that emt |ight and that have adjacent devices that can emt |ight

havi ng di . F Fi 3 sh CEL_di spl 00
Chat " ncl (BEed byiahiedrpiom SEamRlmiedt bfisial gl udPlreneEnE Brfip o¥20
Adj acent reﬂ,e%fgérﬁ,f‘ana bfueqisht BRItHREEEP tayers folldiwlet & ndtripedl pattern@f chthelids, The

separati on shown between devices 310 is for illustrative purposes only. 30
Adj acent thegnthede strpescoriantrdrnerrandicplar tathe arede striras| Spgh meonsktetion raay

di fferent ' ' of I [ : t b [ he di spl ay
ubst r at cb AFBIEIE foffinePast ORI UGS, BhPObiEtl, Shefliod
conducd i veonduettkesanodeplids dan bepebvidedtih e twoHdithermsicnaPBattéd) OB(He4ulsstiate and

PCT/ US02/ 33209 followed by a striped pattern of a hole transport nateri al
and a st r #ssedated Bathaddepsyng eleptionies supl as ong QIaRoTe JARSIHPISeCINAGIRIS, -4 t i ng LEP

| ayers, f Qlch%‘ﬁlg:l %&ﬁ?ﬁie oy dq@ﬁ{gg gﬁ%vg%d?ﬁ%isggw gg@%r layéﬂgﬁnEﬁHfﬂgﬁlgenﬁ%g;peEe

ori ented perpe ar to e strip a“construc
sui tabl e émittifigplayenty cpa tiwn\be coated bxdaposiddass singie hatybreor cenrbe datteendds(e.g.,

t ransparent liFéconductiv anaode Eads can be uErovi. eg in a twg)-dl nsi onal
pattern offrfid SEISSardmansional ealien COBRCeNTHC XA BE &GS ALV s such
as Oong) or aAeSor &18dHnRd &Hv%es.CQB&%tHePELﬁtabI%tdbnstrucﬁHﬁ'i’s_ Ao @rfenfplatb@BY end OF
maki ng active matrix displays. her layers, including the I'ight "emtting

| ayer (s) present frenten.coat ed or deposited as a single layer or can be
patterned (e.g paral l el  st.ri.pe t wo- di nensjonal pattern ¢ nsur at e
with the anodegf, Oneete@BOdB{/‘%l}'t’ ‘ilﬁpégﬁgooa%mg’gsa Ig}%ugeec qugﬁslpiaydé%sggglflﬂw ot her
sui t abl e sodeirtbIeltd Posilion EptEMaCSIIAERPE I Btwbdh thB &ighdr@iaaip deviteeaid #n. I n

one enbodi nent, display 300 can be a nultiple color display. As such, it
may be JdESVERBPIEXaBPEO9 cnhaice dhn sopHast o Biedispiay Inzaemplageanbadiaents,ght

1Tt ' ' N I f th
i spl 1y FRESTERe Ffkel a1 bME g ThoBSBERRy LRPRIVAICRAAC (SRRURRE 7] o1
Ther e ar ecoversd Wi thp lgerysalatodstelevion dhustratad inr Fighired sSSontoofthest coystiuedonener al

construction.illustrated in Figure 3. Sonme of those constructions are
di scussed§&iscBsed s folO¥S. packli ght's can include enissive |ayers.

Constructions g JaRkligHE AR emEsivE WybsZ €dnStHRELAALBSncIBNOBES o

cat hodes, hol e transport layers, electron transport |ayers, 20 hole

i nj ect i onciraytézed suldteatdsy arodesjcatbodasphdleransportdayess eleetroratransport dayleos;

¢ hangid‘l 9 Loqg %jgdtio%quers, electron injection layers, emissive layers, color changing layers, and
other layers and materials suitable in OEL devices. Constructions can also include
polarizers, diffusers, light guides, lenses, light control films, brightness enhancement
films, and the like. Applications include white or single color large area single pixel
lamps, for example where an emissive material is provided by thermal stamp transfer,

25 lamination transfer, resistive head thermal printing, or the like; white or single color large
area single electrode pair lamps that have a large number of closely spaced emissive
layers patterned by laser induced thermal transfer; and tunable color multiple electrode
large area lamps.

Low resolution OEL displays can include emissive layers. Constructions can

30 include bare or circuitized substrates, anodes, cathodes, hole transport layers, electron
transport layers, hole injection layers, electron injection layers, emissive layers, color
changing layers, and other layers and materials suitable in OEL devices. Constructions
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other layers and materials suitable in OEL devices. Constructions can al so

i nclude polarizers, diffusers, light guides, |enses, light control filns,
bri ght neswoenherscenent filns, and the |ike. ApplicationsPcraisozias2ohite or
single color large area single pixel [|anps, for exanple where an em ssive

material is provided by thermal stanp transfer, 25 | am nation transfer,

resi stive head t of. | or Iarge
area si ngf® BiGEFH 8%!301613%?8 déﬁ‘%frs‘t h%tft h‘i?%k‘%ﬁﬁem’?&@?ﬁ%%ﬁ ﬁﬁ? %E‘ 28YSy spaced
eni ssi ve edhan@tenp alrh€an@ thelikel agplicativay irthdeedphd inkiicands 6k s(@%d tunabl e
color nmultiple elect rode |ar ge area | anps. Low resol ution i splays can
i ncl ude el¢pBY) seamienlpd alphamsnenq dienlpysrs-ge 4npliange fimelindieatprs);smsdl circuiti zed
substr at e ansport

| ayers, e %@gc??sgﬁ;elr&gggt?vs? ée%l—lecisi) eﬂ’% %ﬁ{aielcr{l%%ﬁfo%eéa%g%e%?%@%e | ayers,
color 5 Chﬁ@@ixﬁﬁsﬂl@&@i‘lﬁs grapide didicatorllaypy & partdfantimegraled displdyablgg celn OFEL

devi ces. Constr_ucti ons 24 WO 03/047872 PCT/ US02/33209 = can al so incl ude
pol ar i zer Bhongidisplaye) darge argn pixglidigelay tiles g s2 Plurgjiy of medplss. or fulgsseach

bri ght nes R,ggrgm ﬁp&’g i r aphi c

i ndi cat orﬁé}m?g;b?e?%ﬁ a{H(:%ns er%ﬁ g’]‘%lgﬁ s{lad nué#e?tra?lgq Odt rH%?leagg ,

appl i anceustednmdlsedlmatdmsph)y apph@dtllons m)nochrome passi ve or actl ve matrix

di spl ays; snal ht o ve or tive tr|x IS s pl us graphic
Mndrcator 1 ampHiglIeR T PEL SRPRY  gRsinEin Py Thvers, Corselions Beme

di spl gy'S) inchrAE 9&er 8RcHti¥& su@'st?aﬁé@)(ndde& ,R8atho8esJ h@le@raﬁéﬁdﬁﬁb&éry ePctrRduUl €s, or
tiles, each having a relatively Smal | number  of pi xel s), such as may be
sui tabl e frarspotiayerss hele spjeetion layess) eleatmln mempnﬂgyem slpisalyeéqypm celot ons. Hi gh

| motude oapgee TR, BT GRMeUS aby Bplln Shthie B LR R CoRblPR por

| ayers, et@cdl§o0iAclullé polapgdrs, dhﬁ&ysefs$ lightQluRlek,Ne@et, i 1ipht Eatit@l Sims; beighthed
injection layers, emssive |ayers, color changl ng | ayers, and ot her | ayers

and rat er $r1aBCcesnant flne and thegikeg d\npligationsineude 36ty QorpasaynMamonilierlgn e

pol arjgzer i J {rﬁ{iﬁ r

bri ghltsrzlesér fufl ¢ E%E?e&h&m :chlﬂlbéng Sg@é Eﬁlmﬂ,&pgllhl ca@%r@gpﬂgﬁk’ﬂ%e active or
passi ve nmgmentemdrtgracphioandltaootanfpsl(é ggtalserrmdhcspltmmfer afdtiglyeesalatipssi ve
matri x nulti col rf col or_disp s plus., segnmented ar graphic

i ndi cat or ?Vé?FﬁQ?"(Ségﬂ?‘}aﬂ‘%‘sséﬁml? GG e R Sobseeiay 3ﬁe&ler>u?1ﬂ§ devi ces
pl us ther gjichnsst anp of icons on the sane substrat e), and security

di splay applications. 20 EXAMPLES

20 EXAMPLES

Example 1: Preparation of Receptors

Five different types of receptors were formed: (A) Indium tin oxide (ITO) coated
with a film of poly(3,4-ethylenedioxythiophene)-polystyrenesulfonate (PDOT), (B)
ITO/PDOT treated with an oxygen-containing plasma, (C) ITO/PDOT treated with an

25  argon-containing plasma, (D) ITO/PDOT treated with a plasma containing

tetrafluoromethane (CF), and (E) ITO/PDOT treated with a plasma containing
tetramethylsilane (TMS) and argon.

(A) Indium tin oxide (ITO) coated glass (Delta Technologies, Stillwater, MN,
less than 100 Q/square, 1.1 mm thick) was ultrasonically cleaned in a hot, 3% solution of

30 Deconex 12NS (Borer Chemie AG, Zuchwil, Switzerland). The substrates were then
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Exanpl e 1: Preparation of Receptors Five different types of receptors were
formed: (A Indiumtin oxide (ITO coated wth a filmof

pol y( 3, 4-wOhglerserli oxyt hi ophene) - pol yst yrenesul f onat e ( PD@CI/US(B33209 TQ' PDOT
treated with an oxygen-containing plasma, (C) ITO PDOT treated with an 25
argon-containing plasma, (D) ITO PDOT treated with a plasnma containi ng

tetrafl uororret ha an E) I TOQ.P t ed. ma cont ai ni ng
t et r amet h§IREsd lar‘?gﬁ?%")l%ﬂ?ﬂp é@ﬁr feMMf?%Pgrﬁ%&aﬁa%%lﬁgoTl oat ed gl ass
(Del ta TeghRELLMAS forhithéedadhentMdder thefodlo ohdftiond/ square, 1.1 mm
thick) was ultrasonically cleaned in a hot, 3% solution of 30 Deconex 12NS

(Borer Chenie AG Zuchwi Timewi t zer? ariaptes The substrates were then 25 WO
03/ 047872 PCT/ US02/ 33209 | aced i i ence plasma treater (Model
PS 500 avail able from AS%O‘P ng(ﬁ]r(lw for surface treatnent under
the fgdlowi ng conditi onsoxgrgdﬁemoa mosednes Power: 500W (165 Wcecn) 5 Oxygen

Fl ow. 100sccm Pressure: 300niTorr Imrediately after plasma treatnent, the
PDOT sol ution (CHB000 frBiesmagier AWOMI®Yerkusen, Germany, diluted with

dei oni zed [ ﬁ\%'tpD rough a
What man Pur aé‘ﬁa eilﬁlmg%3 ﬁ%ﬁrrnngpt)llo %eﬁlggy ene (Bﬁg%ﬁqﬁlg?@o ﬁq?sda;t%p ?é]\te 10 was

t hen spu nLéHe]aﬂm;GdRem&y,rchhtalpvm dabmzed wate2D0Pwapfiitéred adDdispensed aiitag a
PDOT film_  thickness of 40 DOT coated substrate was heated to 200C

for 5 m nthed§Ohrpugh amm@@ﬁ’m@% TRES o poliRienyiepe RID diltce cEhg Bibstige nade

he f
(R "1 " wESHn SO (feali P ReGafen BIEORE: H00IBRI0L IS yidMipk EPRRICRL |1 T ace
t r eat ment tluu‘l@ess dflae nival T PDOTaoarkd sulssiate Wasrtieatet b 200500 5 hiioWe{ Baddt cn)

Oxygen Flow. 100sccm Pressure: 750mrorr 20 (C) The argon plasna-treated
receptor WE9Zede usi ng the PDOT coated substrate prepared as descri bed

for receptor sy acen{ ) pRoflaRleded fedePlo? walfralil @SB the PDOT coated substrate

prepared as described for receptor surface (A) and placed into the Plasma Science plasma
15 treater for surface treatment under the following conditions:
Time: 10s
Power: 100W (33W/cm?)
Oxygen Flow: 100sccm
Pressure: 750mTorr
20 ‘ (C)  The argon plasma-treated receptor was made using the PDOT coated
substrate prepared as described for receptor surface (A) and placed into the Plasma

Science plasma treater for surface treatment under the following conditions:

Time: 20s

Power: 500W (165W/cm?)
25 Argon Flow: 20sccm

Pressure: 125mTorr

(D)  The CF4 plasma-treated receptor was made using the PDOT coated
substrate prepared as described for receptor surface (A) and placed into the Plasma
Science plasma treater for surface treatment under the following conditions:

30 Time: 15s
Power: 300W (100W/cm?)
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Science plasma treater for surface treatnment under the follow ng
conditions: Tine: 20s Power: 500W (165WcnR) 25 Argon Flow 20sccm
Pressure:w023n0d8rz (D) The CF4 pl asna-treated receptor wa®Cramke2/seidng t he
PDOT coated substrate prepared as described for receptor surface (A and
pl aced into the Plasma Science plasma treater for surface treatnent under
the followi ng conditions; 30 Tine:_ 15s Power: 300W (100Wcn2) 26 WO

03/ 047872 PCT/ US02/ 33209CF Wl owl 7088 ccm Pressure: 175mrorr (E) The TMS
plasma-treated receptor pRsopdde ugyqpgrdpe PDOT coated substrate prepared
as described for receptor surface (A) and placed into the Plasma 5 Science
pl asma treater (Bor The TMSeplasnemtreated regepter wastoadeotsingshe FDE¥hchatédons:  Ti ne:

15s Power: 500W (165W ¢nR). Fl ow. 2Qsc Argon H.ow .. 500sccm 10

br ossur o SPSBHRBIPEHIES PEeEBed oratnopiit st ARl g PRy - ay
Phot 0gJ ectéieiceINafid tRRER o sut B ireatinest dhideve fslloweg tordticaect r oscopy for
Chem cal Analysis (ESCA)) and Atomc Force Mcroscopy (AFM. 15 Receptors

of types (A), (B) and (Clim@re anal3szed by XPS using a Surface Science

SSX-100 instrument with pghochro -nay source. The phot oenm ssion
was detected at a 35 taE%- of f ang@v\?ﬁ%ﬁw)eégggct to the receptor surface.

The ESCA data did not sTMS8 Elow: si goscémcant differences in the surface
conposition of the 3 sanples. 20 TABLE | Results in atomc % (an average of
dupl i cate measurements) OFEONHOWPSMISIsis for receptor surfaces (A), (B)
and (fg SAMPLE Carbon Oxpefrsul f ujsdiifdPgen | ndi um Tin Sodi um

The receptor surfaces were characterized using X-ray Photoelectron Spectroscopy
(XPS, also known as Electron Spectroscopy for Chemical Analysis (ESCA)) and Atomic
Force Microscopy (AFM).
15 Receptors of types (A), (B) and (C) were analyzed by XPS using a Surface Science
SSX-100 instrument with a monochromated Al X-ray source. The photoemission was
detected at a 35° take-off angle with respect to the receptor surface. The ESCA data did

not show any significant differences in the surface composition of the 3 samples.

20 TABLE I
Results in atomic % (an average of duplicate measurements) of the XPS analysis for
receptor surfaces (A), (B) and (C)

SAMPLE Carbon | Oxygen | Sulfur | Nitrogen | Indium | Tin | Sodium
(A) untreated 67 21 6.9 2.0 2.1 0.1 0.8
PDOT
(B) O,-treated 66 23 6.3 1.4 2.5 0.2 0.3
PDOT
(C) Ar-treated 66 24 5.4 1.9 1.8 0.1 0.7
PDOT
25 Receptors of types (A), (D) and (E) were analyzed by XPS using an ESCA system

with a non-monochromated Al X-ray source. The photoemission was detected at a 30°

take-off angle with respect to the receptor surface. In the case of receptor (D), a degree of

fluorination and trace amounts of silicon were detected on the surface. In the case of
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(A) untreated 67 21 6.9 2.0 2.1 0.1 0.8 PDOT (B) 02-treated 66 23 6.3 1.4
2.5 0.2 0.3 PDOT (C) Ar-treated 66 24 5.4 1.9 1.8 0.1 0.7 PDOT 1 -1 25

Recept or swofoswyses (A),
systemw th a non-nonochromated Al

det ect ed
t he case
silicon

suggest i

of -8 nmthi ckness) TABLE Il 5 Res%glatomc % of the XPS analysis for
receptor sur Carbon O en f Ni.t rogen
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63+1 24+1 6 R+n 11 3+0 3 1. _0+0 1 reated PDOT (E) TMS/Ar- 60+2 18+1
- - - 21j1 SAMRLFe( | FEavborelc OxyER1s o?“lfl\rpnw(rgﬂ’a_ lyqrin i acterized
usi ng At p@A)anEeated M di6s2copy2140 ( AAMP,4 anb4t@Beptors of [type (A) were

al so charppOari zed by AFM flor conpari son. | The sufrfaces of the receptors
fromtype(lj()EQ’xF@nd (C) osene [ropqiiened.sxonpar es+0.9 sur.ba@.es|ok1.3eceptors
from typeiréaed PDOT gffect of Ar-plasnma treatment fwas obsefved when a
substr at ETNERE- (A a8 P! e _(reated| throughfa 2000-T copper grid
shadow rra%,%té@ gt he treat rrent 15|condit{ons as ¢escribed 1nexanple 1 for
recept or = |6L"|J"|Ji frg—ode—AFMHTrages—were—captured—ustng—aDbrgi t al
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ng

ot peLadhe
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over | ayerES(Rhl(ohthesordthfkémm thegknessd. sanpl i ng dept h of
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quo i nati.on

P"fﬁ‘st“ﬂ SUgRESEng

(D) and (E) were anal yzed by XPS ®eirngozss2E5CA
The phot oem ssi on was
take off angle with respect to the receptor surface.

R T

In

dth HPEL
ESCA (on the order

The

probes used were
force const ant

Receptors of types (B) and (C) were characterized using Atomic Force Microscopy

(AFM), and receptors of type (A) were also characterized by AFM for comparison. The

surfaces of the receptors from type (B) and (C) were roughened compared to surfaces of

receptors from type (A).

The effect of Ar-plasma treatment was observed when a substrate of type (A) was

plasma treated through a 2000-mesh copper grid shadow mask using the treatment

conditions as described in example 1 for receptor (C). Tapping mode AFM images were

captured using a Digital Instruments Dimension 5000 Scanning Probe Microscope. The

probes used were Olympus (OTESPA) tapping-mode probes with a nominal force constant

of 40 N/m. It was apparent from the AFM images that the unmasked, e.g. plasma-treated,

regions of the sample were roughened compared to the masked, e.g. non-treated, regions.

A power spectral density plot of the two regions showed that the unmasked, e.g. plasma-

treated, regions had a higher occurrence of features of 50 nm and below in dimension. As

an example of the RMS roughness change in the spectral range of S0nm to 10nm: the

control non-treated PEDOT film (Example 1, receptor A) showed a RMS roughness of
0.27-0.35nm, while the plasma treated PEDOT film (Example 1, receptor C) showed a
RMS roughness of 0.43-0.50nm.

Example 2: Preparation of a Donor Sheet without a Transfer Layer
A thermal transfer donor sheet was prepared in the following manner:
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of 40 Nm It was apparent fromthe AFM i mages that the unnmasked, e.g.
pl asma-treated, regions of the sanple were roughened conpared to the
masked, ewQ.030¢1871reated, regions. 20 A power spectral demsirtugsopsarng of t he
two regions showed that the unnasked, e.g. plasma- treated, regions had a
hi gher occurrence of features of 50 nm and below in dinension. As an

le of th hness. ch in th tral f 50nmto |0
The Tcontrol AR LIHGHRH BEBAT FAble bt SR i AR oned o RVE
roughnes Sp&§ethﬁer?gm§bpﬁﬁﬁ[ékh?5 (PHT) Qihh&ﬁbﬁa@é%@zl ot @fin, il r{g#dém;&mgpl e 1,

receptor C)” showed a 25 roughness of 0.43-0.50nm Exanpl
Pr epar at i was pdrfaampd weing 8hasti SikiHabtCantery MadeldFAG-\P8r usipg 2 migragaveneansf er

donor shee S ared.in the f.ol | ow nner .. 28 3/ 04,0872
pCT Uso, ot 1S FRRECeUs Perip, Tog GLHCeRaaves e qisd 38 e 0 o 0. 1
mm t hisck ey gtdeyLeRgidi&r e thaiteine (PET) filmsubstrate (M7 from Teijin,
Gsaka, Japan). Coating was perforned using a Yasui Sei ki Lab Coater, Model
CAG 150, using a mcrogravure roll with 150 helical cells per inch. The
LTHC coating was in-line dried at 80ABIAKIH cured under ultraviolet (WY
radi ation. TABLE Il LTHC Coatj | ution .Parts Conponent Trade
Desi gnati on by Wight carbon bﬂ,’@ﬂ?ﬁp%&lpﬁ%n 760 Utra 3.55 polyvinyl
butyral resijn Butvar B-98 (2) 0.63 acfylic resin JgnCpagts (3) 1.90
di spersant O sperbyk 1§1,3ned¢ surfact ang., fkgedgtiibr)| O- PpoOXy novol ac
acrylate Ebecryl 629 (6) 12.09 acrylif resin Ivacitﬁv éﬁ (7) 8.06

' ¢ 82 holin I)

2- benzyl - 2- (grrrethytamno)=—1=(4—trgacpure—369 (8, 0O
phenyl ) but aneng.d braby Blemiekey ¢l ohexyl  piaNs 6LV e | rgagur ¢ 184 (8) 0.12
5. 31

2- but anone 4

polyvinyl butyral resin Butvar B-98 @ 0.63

acrylic resin Joncryl 67 @ 1.90

dispersant B)isperbyk 161 0.32

surfactant FC-430® 0.09

epoxy novolac acrylate Ebecryl 629 © 12.09
acrylic resin Elvacite 2669 8.06

(morpheliny pheny buanone. | 12e369 | 082

1-hydroxycyclohexyl phenyl ketone | Irgacure 184 ® 0.12

2-butanone 45.31
1,2-propanediol monomethyl ether

acetate 27.19

Mavailable from Columbian Chemicals Co., Atlanta, GA
10 @available from Solutia Inc., St. Louis, MO

®available from S. C. Johnson & Son, Inc. Racine, W1
®available from Byk-Chemie USA, Wallingford, CT
®available from Minnesota Mining and Manufacturing Co., St. Paul, MN
©®3vailable from UCB Radcure Inc., N. Augusta, SC
15 (Mavailable from ICI Acrylics Inc., Memphis, TN
®available from Ciba-Geigi Corp., Tarrytown, NY

Next, an interlayer solution, given in Table IV, was coated onto the cured LTHC

layer by a rotogravure coating method using the Yasui Seiki lab coater, Model CAG-150,
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1, 2- propanedi ol nononet hyl ether 27.19 acetate avail able from Col unbi an
Chem cals Co., Atlanta, GA 10 (2) available from Solutia Inc., St. Louis,
MO (3) awaiDloabkm7irom S. C. Johnson & Son, Inc. Racine, WeCT(u$p2/38264 | abl e
from Byk- Chem e USA, Wallingford, CT (5) available from M nnesota M ni ng
and Manufacturing Co., St. Paul, MN (6) available from UCB Radcure Inc.,

N. Augusta, SC 15 7ava|ablefr C. his, TN. (8)
avai | abl e™ith GiErogiaveEEs 180%491?%%%WW Thiis ?O%ng Wéﬁ&[}ﬁmé

sol uti on, dﬂéd’éf%obéaﬁééﬁx%dg}(er‘%ﬁ’éa\&&@tt \adigide cured LTHC | ayer by a
rot ogravure coating nethod using the s Sei ki lab coater, Mdel CAG 150,
29 WD 03/047872 PCT/ US02/ 33209 with a m crogravure roll haV| ng 180 heli cal
cells per lineal inch. This coating MI ine dried at 60C and cured
under ultraviolet (UV) radiation. Ta 5 Interlayer Coating Solution
COVPONENT PARTS BY WEI GHT SRlﬁﬁﬁrlﬁr tq,g{igsbmk@hpropane triacrylate 14.85
ester, available from Sartoner Xt on ] Bufvar B-98 0.93 Joncryl 67
2.78 Irgacure 369 1.25 |rGOMRONENIO0.19 2-but adRTIBYY0 |1 - net hoxy- 2-
ro anol 32.00 Exgnple 3: Preparation of Solutions fWEIGH®sfer Layer The
foll owi ng sol uti Crﬁls@erP[(frBﬂahﬁderd;ﬁheﬁ&tr}QﬂeG een: 1@&ms4s on Gleen PPV

pol ymer HB 1270 (|1@fer,®lildbl®ffofaB4rtomher, Extéd, ®A)i ¢ Semi conduct orjs GrbH,
Frankfurt, GerrranyBM.@a&g;@ggned out I'nto an anbey vial gg@f Th a|PTFE cap. To

this was added 9. ST &P ueTE (HPCCgrade obtafmed fpggrAdri|ch

Irgacure 369 1.25
Irgacure 184 0.19
2-butanone 48.00
1-methoxy-2-propanol 32.00

Example 3: Preparation of Solutions for Transfer Layer
The following solutions were prepared:

(a) Covion Green: Covion Green PPV polymer HB 1270 (100 mg) from Covion

10 Organic Semiconductors GmbH, Frankfurt, Germany was weighed out into an amber vial
with a PTFE cap. To this was added 9.9g of toluene (HPLC grade obtained from Aldrich
Chemical, Milwaukee, WI). The vial containing the solution was placed into a silicone oil
bath and the solution was stirred at 75°C for 60 minutes. The solution was filtered hot
through a 0.45 um polypropylene (PP) syringe filter.

15 (b) Covion Super Yellow: Covion PPV polymer PDY 132 “Super Yellow” (75

mg) from Covion Organic Semiconductors GmbH, Frankfurt, Germany was weighed out
into an amber vial with a PTFE cap. To this was added 9.925g of toluene (HPLC grade
obtained from Aldrich Chemical, Milwaukee, WI). The solution was stirred over night.
The solution was filtered through a 5 pm Millipore Millex syringe filter.

20 (c) Polystyrene: Polystyrene (250 mg) from Aldrich Chemical, Milwaukee, W1
(M,, = 2,430) was dissolved in 9.75g of toluene (HPLC grade obtained from Aldrich
Chemical, Milwaukee, WI). The solution was filtered through a 0.45 um polypropylene
(PP) syringe filter.
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Chem cal, M| waukee, W). The vial containing the solution was placed into
a silicone oil bath and the solution was stirred at 75C for 60 m nutes.
The sol utwonsmes7fi |l tered hot through a 0.45 m pol ypropylPeﬁﬂIS(lPK@zossyri nge
filter. 15 (b) Covion Super Yellow Covion PPV polymer PDY 132 "Super
Yellow' (75 ng) from Covion Organic Sem conductors GrbH, Frankfurt,
Ger many was_wei ghed 0 9 ' 0 thIiS was
added 9. 925EXamplesd:h: brep: ANSIer Lave aary Lransf

M | waukee, W). The solution was :ﬁhﬁgfgdeg ni ght The soI ution was
filtered through a 5 mMIlipore ex syringe filter. 20 (c) Polystyrene:

Pol ystyrene ( 25Gwnsfgy layersiwesd tormgéh ociteendanaf SheMSIO\KIE{HRl@Ble 2\/usmgwwds of th80) was

di | ved 9 7 d |
M 1 veukee SO fiuingles pERRGAET P P ot B SuisR e B ooy  ane
(PP) syri §lﬂ@tlcfds|v¢di‘é mixaéd am%%ﬁa%&ai?@rz{n@mfe@@ﬂﬂ@bleﬁd @ﬂﬁh@ﬁs Wer6!

Preparation of Transfer Layers on Donor Sheet and Transfer of Transfer
Layers. Tthresiier 20 ajepicroqsitempeip¥eyd on the donor sheets of Exanpl e 2 using

bl ends of the waptain the

bl ends, the abrgl\?é;{r esgégpl pgw%%%kg%&oﬂgg%&é%%éef%ﬂﬂ% appro riate

rati os anBedehrehrspiigbiten) gt doan206002500i rpmsfond0 e to wtidrarfdch thorkn2B ofi N at room

tenperature. The t1 fer layers were disposed on the donor sheets by

spi nni ng IRREHRP y%&i’é‘&rch spincoater) at about 2000-2500 rpmfor 30 s to
yieldig filmthickness of approximately 100 nm 10 TABLE V Parts by Wi ght
of Transfer Layer Conpositions Exanpp &% nper Covion G een Covion Super

Yel | ow Pol ystyrene 4 ﬂ'arts V?el ht of?T {eriagﬁr rec?g %nssheets as prepared

i n Exanpl es 4-6 were broug Contag Or 'substrates as
pr epar ed —-A—Exahpe—L—Next— fhe donors—were—raged—usi-rg—t-wo—si-ag-e— node
Nd: YAG | pESpmplegiumber,l CovignGresnysl Coyin Super ¥ellow of | Rolystyrene |
gal vanongters, 4 1 - 2
5 1 - 3
6 - 1 2
15 Donor sheets as prepared in Examples 4-6 were brought into contact with receptor

substrates as prepared in Example 1. Next, the donors were imaged using two single-
mode Nd:YAG lasers. Scanning was performed using a system of linear galvanometers,
with the combined laser beams focused onto the image plane using an f-theta scan lens as
part of a near-telecentric configuration. The laser energy density was 0.4 to 0.8 J/cm®.

20  The laser spot size, measured at the 1/¢” intensity, was 30 micrometers by 350
micrometers. The linear laser spot velocity was adjustable between 10 and 30 meters per
second, measured at the image plane. The laser spot was dithered perpendicular to the
major displacement direction with about a 100 um amplitude. The transfer layers were
transferred as lines onto the receptor substrates, and the intended width of the lines was

25 about 100 pm.

The transfer layers were transferred in a series of lines that were in overlying
registry with the ITO stripes on the receptor substrates. The results of imaging are given
in Table VI.
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wi th the conbined | aser beans focused onto the inage plane using an f-theta

scan | en

S as

part of a near-telecentric configuration.

density via© 08/0478tD 0.8 J/cnR2. 20 The | aser spot size,

i ntensit

Y,

was 30 mcroneters by 350 mcroneters.

vel ocity was adj ustable between 10 and 30 neters per

The | aser

ener gy

nmea®arasozasszohe |/ e2
| aser spot
second, neasured at

The |i near

the i mage plane. The | aser spot was _dithered perpendicular to the

maj or
di spl acenent direction with about aT Vérrpl i tude. The transfer

| ayers

were transferred as lines onto tRe,hGeEREQItsSUDStrates, and the intended
width of the lines was 25 about 10Q The transfﬂ Iavers were

transfery e S of I|ne ha tr i+ h the
| TO stri p§§a'§Rle %) 35 tf’ JFceé)u%'s{Ar at gg%ﬁ.ﬁd pﬁ%i¥ ¥6 ? Ehe a?le)\e%f en
in Tabl e 047872 PCT/ US02/ 33209 r Resul t $
Exanpl e fer r (A ntr tec r to rece tor -
PDOT nurrt)erf I‘P%(F P?u]ﬁ eéﬁ S(Efrﬁ‘ EBSfFf, ﬁg\% lﬁﬁta
defects excel |l ent Q%H@f"é}ddec?a‘ilﬁgf@reraé‘ﬂ SPmFre Re 2Ad d@Ve 20¥Me%R || i ne
and sone| are def|edzeroughnessd have a snooth g@ roughness edge 5

transf er fed—times ave tot e defects excel ternt transfer; transferred fines
down t he| mi dul e |ofansfeeretli fises ehavel helst dafestsdeskeallent iransfers transfennd lingge
edge qual ity qualdawn tespiidie/of tharlaiepexceHontqane i defouts fréenesxqgiont tadgesf er
wi t h roupgh edges| edgemublty | nprovenent in trgnmbkty qual ity was achi eved by
usi ng 0Z2plasra—s—treatrent—(+eceptor—surtage{B—as—desertbedi+n—FExanpl e
1). Trealmend W [ dpoftlfrapdfas wa coftirmoapliags surfgmen(a@fexa\slthle@xghlehgch in
Exanpl e W ed transfer—Exanples 7 Preparation—of Devi-ces- The

effect of plasma treatment on the performance of an CEL device has been 10
expl ored usingg SO0 3

| TQ 02- pl asna- t?@:’lid[?é Bﬁg%ﬁ‘nﬂﬁ#mi%%ll%}‘\"’s mhtﬁ?gﬁg%gwsrrngpar ation and
pl asne cotrelitmieninsecaptod asface lﬁB)jas describednp Ezarhiplerlg.c #matmers wifhaCBsplési)a ( B)

and (Q)). 01 top rfa e . (A ) (C) was deposited the
sol uti on GFCBIRFS a‘é@ﬁsg hff{ g LR Yf"n“gt)’ans “film (ca.
Examples 7: Preparatioh of OEL Devices

The effect of plasma treatment on the performance of an OEL device has been
10  explored using spin-coated, devices which contained ITO/PDOT, ITO/O,-plasma-treated
PDOT and ITO/Ar-plasma-treated PDOT (preparation and plasma conditions as described
in Example 1, receptor surfaces (A), (B) and (C)). On top of the receptor surface (A), (B)
or (C) was deposited the solution of Covion Green (Example 3, solution (a)). A film (ca.
100 nm thick) of Covion Green was formed by spin-coating at 2500 rpm for 30 s using the
15 Headway Research spin coater. Subsequently, Ca/Ag cathodes were vacuum vapor
deposited using the following conditions:

Thickness
400 A
4000 A

Rate
1.1 A/s
5.0 A/s

Coating time
Smin 51s
13 min 20s

Ca
Ag

In all cases diode behavior and green light emission were observed. The efficiency and
operational voltage of the devices containing receptor surfaces (A), (B) and (C) did not
20  significantly differ, showing that treatment of a PDOT film using O, or Ar plasma under
the conditions as described in Example 1, did not significantly affect the performance of

an OEL device,
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100 nm thick) of Covion Geen was fornmed by spin-coating at 2500 rpmfor 30
s using the 15 Headway Research spin coater. Subsequently, Ca/Ag cat hodes
wer e vacwmosagmsr2 deposi ted using the foll owi ng conditi on®CTNisowEazess Rat e
Coating time Ca 400 A1.1 AA s 5mnb51s Ag 4000 A5 0 Als 13 min 20s In
all cases di ode behavior and green |light em ssion were observed. The
efficiency and operational voltage of the devices containing receptor
surfaces (A), OBL denided, Whiéh cbnidiied CH)- tséagsm' F‘]b@ﬁmicbeptﬁli duirface (B))anbwed t hat
treatment of a PDOT filmusing 02 or Ar sma under_t he conditions as
descri bedslightlpiamioved gfﬁcmnayﬁreﬁlngﬁ'eg?ﬁdfqpeﬁlﬁpngl vaitagse Ol deyiess; whislince of  an

CEL devic :ﬁ,eéq cont ai ned
CF4-t reat‘gd t%wgélgé ag%@l;]ﬁr aw@}%ﬁf’%ﬁpﬁesﬁkh s y f{i%}rl%ed ef ficiency
and increased operational voltage. OEL devi ces, Whl ch cont ai ned
e e SR o AL B el B3 e

exanpl es 3des6dd dHade, HaPtther l@hﬁuw 8¢ hiffderstbQiotolér ANABERE SOle ivehfYSEs al |

aspects of the invention as fairly set out In the attached claims. Various
modi f i cat faghsset eguinhé @mchcpircd@lmss d&rioys madificatiens, equialent pravesses;tasmend] t o

whi ch the present |nv ica rent to
those of BRI LEDRAS ST ine RreBH eCanmey ke aniicae L e BRERG L pon
review lhpafent hﬁthbibsdf%ﬁﬂl iBRREart iocwhich the grageht @berdtida iPair@tédBupodat Gl
docunents, and publications cited above is hereby |ncorporated into this
docurkht @fsthﬁnsfa@bﬁn?@lft?é@oﬂn full. 33 WO 03/047872 PCT/ US02/ 33209 WHAT IS
LA NED LS o BT O Ol phARPAGLARA, d NSl Bhs ChETRRVe ndafionor sheet
0 a receptor, e nethod’conprisin rmng an organic c e transfer
| ayer on iﬁncdsnpemnédjht@uhb&bbahemasmgbmﬂumiﬁﬁﬂhrface of the charge transfer
| ayer using a plasma treatnent; and selectively thermally transferring a
transfer elenent of a donor sheet to the surface of the charge transfer

| ayer after roughening the surface, the transfer el ement conprising
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at |east one light emtting layer. 10 2. The nethod of claim11, wherein the
surface of the charge transfer layer is not substantially chemcally

nodi fi ed WQ osle7spt asna treatnment. 3. The method of cl ai m PCTMiser/a8209 t he
organi c charge transfer layer is a 15 polyneric charge transfer |ayer. 4.
The nethod of claim1, wherein the polyneric charge transfer |ayer
conprises_a_hg I copol yner of a pol yt hi ophene. 20 5. The net hod
of clai mwggﬁwg}rfaw of the charge transfer layer is at |east
partially oxidized, but not otherw se substantially chem cally nodified, by
the plasma treatnent. 6. The nmethod of claim 1, wherein roughening the
surface conpri bes A5ngthotybftransfpriitga tansfarctemeant nfja donsir sheet tcorgeeptei,ng a
nobl e gas, 7. Thde net hod of claim6, wherein the noble gas conprises argon.
8. The metigFRBId QAL wherei n rougheni ng the surface conprises 30
rougheni ng t hefosmid rpi&ii® Ghadg PlrafreR 15R0Bh b $écRptod 2ubsdte)\O 03/ 047872

PCT/ US02/ 33209 9. The nethod of claim 1, wherein roughening the surface
conpri ses rougteughening meaurfage phthe change dranster laxsraisbg gl assmageatmenty and The

met hod of cl ai . ' A4S, i ni ng

t he surface fo%glémf)’g??%eg‘hgwno nor eg% ﬁ%ﬁ%ﬁ%@g@ﬁoﬁméi ﬁl%ﬁtetoﬁr%{ ﬁ%%lagf
claim 1, uftheehdrge augiianayey afttreroagiichingathe sunfiice,sthe tratsfergiianemgompeisiagr f ace
with a plasm gas_at a.pressure of no nore than 750 niforr. 10 12. A nethod
of maki ngaté?PSéP’é‘?:lﬂgﬁlemH‘inﬁé €ht device, the method conprising: forning an
el ectypde on a receptor substrate form ng an organic charge transfer |ayer
over the el ectrode; roughening a surface of the charge transfer |ayer using
a pl asma treat 2ent ; Thewhethodlof clainy d| wheraimrtheburface oftiefcbange mgnsfet lagerss er

el enent of a naor sheet. to the.surface . 15 of the charge transfer |ayer
after rouﬁﬂéﬂgﬁﬁltiat%c ?Pf“Fﬁﬁ fnoﬁﬁs’gﬁtblyzﬁ%?lé?m%gﬁmﬁ?t'corrpri sing at |east one
light emtting |ayer. 13. The nethod of claim 12, wherein the

el ectrol um nescent device has no substantial degradation in brightness as
conpared to an3el ecThomgthodefelehn 1dwherem theoeganig charge transfer layer is a

15  polymeric charge transfer layer.

4. The method of claim 1, wherein the polymeric charge transfer layer

comprises a homopolymer or copolymer of a polythiophene.
20 5. The method of claim 1, wherein the surface of the charge transfer layer is at
least partially oxidized, but not otherwise substantially chemically modified, by the plasma

treatment.

6. The method of claim 1, wherein roughening the surface comprises

25  roughening the surface using a plasma comprising a noble gas.
7. The method of claim 6, wherein the noble gas comprises argon.

8. The method of claim 1, wherein roughening the surface comprises

30  roughening the surface using a plasma comprising O,.
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20 a sane manner except no roughening of the surface using a plasm
treatnment. 14. The nethod of claim 12, wherein the el ectrol um nescent

devi ce hawonmg/4msabst anti al degradati on in operating volt ageTasovssrpared to
an el ectrolum nescent device mnade in a same manner except no rougheni ng of
the surface using a plasma treatnent. 25 15. The nethod of claim 12,

wherein the el Ctrol,l'ﬁ glsé rf]t deyi ce has n sub tant.i al degradation in
f

efficiency as ¢onpa elowe d - wherrinfeu gdBg U Cﬁﬁa@p ¥#S a sanme
manner  exgphediRy hRWEHTRRI R thgf plhdnea Sdiy Nsing a plasma treatment. 30 16.
A method of “transferring a transfer el’'ement of a donor sheet to a receptor,
the method conprising: formng an organic |ayer on a receptor substrate;

e L
transfer gughdiig &Es@rfﬁ&%faﬁélﬁﬁltoﬂxﬁlh&@tﬁwj(ﬁééﬁorﬁfs the organic |ayer after
rougheni ng the surface the transfer el enent conprising an organic surface

that contacts the organic layer of the receptor substrate 5 17. A nethod
of iransforringa UADSER0aSr AR ChePudB0enfISRL sliBiBobARARKC", | N

met hod conprising: formng an orgahic ayer on receptor s rate

form ng ardughéisiigtheahdfaentition phsitiogay atalpeedsurevdf@n @nore &mne%poﬁBarsur face of
the 10 transfer elenment is organic; roughening, using a plasna treatnent,
at least one of (i) a surface of the organic layer and (ii) the exposed
surfage of theyjrangfaiméed SRM;in %‘i‘@le&%lﬁﬁ‘iﬂe\é@én ddi&, ??éﬂgé’th&&é‘&ﬁ ﬁsﬁ&%”g the
transfer elenment of the donor sheet to the sur ace Of the organic yer
aft er rougheni fagmin@arﬂﬁectfﬁﬂeonatrt@dtomﬁubshatem 17, wherein the surface of the

charge transfe S_.nat subst caIIy modi fied by the

pl asma treat neﬁﬂ"nl{ggaﬂefﬁ@ﬂﬁgﬁﬁﬁéﬁtf @feﬁto}ileftﬁ?r\ﬂlﬁ 48 t he organic charge
transfer |ayer gy énn&@s&?icﬁ'&"?fﬂe%hﬁ&@"tﬁﬁsf%f ﬁ?&ftﬁfn |a31M§§ma #éhtmémeantet hod of
claim17, wherein the surface of the char rans | ayer Is

selectively thermally transferring a transter element of a donor sheet to the surface

15  of the charge transfer layer after roughening the surface, the transfer element comprising

at least one light emitting layer.

13. The method of claim 12, wherein the electroluminescent device has no
substantial degradation in brightness as compared to an electroluminescent device made in

20  asame manner except no roughening of the surface using a plasma treatment.

14. The method of claim 12, wherein the electroluminescent device has no
substantial degradation in operating voltage as compared to an electroluminescent device

made in a same manner except no roughening of the surface using a plasma treatment.

25
15. The method of claim 12, wherein the electroluminescent device has no
substantial degradation in efficiency as compared to an electroluminescent device made in
a same manner except no roughening of the surface using a plasma treatment.
30 16. A method of transferring a transfer element of a donor sheet to a receptor,

the method comprising:
forming an organic layer on a receptor substrate;
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at least partially oxidized, but not otherw se substantially chemcally
nodi fied, by the plasma treatnent. 25 21. The nethod of claim 17, wherein
sel ectivewp whersnal |y transferring the transfer el enent tPoTIUS®2/3320%t r at e
occurs w thout exposure to air after the roughening. 22. The method of
claim17, wherein the transfer el enent conprises an 30 electrically active
| ayer. 36 . . .

roughening a surface of the organic layer using a plasma treatment; and

selectively thermally transferring a transfer element of a donor sheet to the surface

of the organic layer after roughening the surface, the transfer element comprising an

organic surface that contacts the organic layer of the receptor substrate.

17. A method of transferring a transfer element of a donor sheet to a receptor,
the method comprising:
forming an organic layer on a receptor substrate;
forming a transfer element on a donor sheet, wherein an exposed surface of the
10 transfer element is organic;
roughening, using a plasma treatment, at least one of (i) a surface of the organic
layer and (i) the exposed surface of the transfer element; and
selectively thermally transferring the transfer element of the donor sheet to the
surface of the organic layer after roughening.
15
18.  The method of claim 17, wherein the surface of the charge transfer layer is

not substantially chemically modified by the plasma treatment.

19.  The method of claim 17, wherein the organic charge transfer layer is a

20  polymeric charge transfer layer.

20.  The method of claim 17, wherein the surface of the charge transfer layer is
at least partially oxidized, but not otherwise substantially chemically modified, by the
plasma treatment.

25
21.  The method of claim 17, wherein selectively thermally transferring the

transfer element to the substrate occurs without exposure to air after the roughening.

22.  The method of claim 17, wherein the transfer element comprises an

30 electrically active layer.
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