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laser. Heat is generated in the exposed portions of the donor element by the

absorption of the incoming laser radiation, causing transfer of those portions of
the transfer layer onto the surface of the receiving element. Either the substrate of

25  the donor element or the receiving element (or both) are transparent. If the
material of the transfer layer does not absorb the incoming laser radiation, the
donor element must also include a heating layer adjacent to the transfer layer and
a supporting base element. The heating layer is a material which absorbs
radiation, generating heat to cause the transfer of the transfer layer. The donor

30 element may also include additional layers, such as an ejection layer between the
heating layer and the transfer layer. The ejection layer decomposes into gaseous
molecules when heated. The gaseous molecules propel the exposed portions of
the transfer layer to the receiving element.

In a digital process, the exposure takes place only in a small, selected

35  region of the assembly at one time, so that transfer of material from the donor
element to the receiver element can be built up one pixel at a time. Computer
control facilitates high resolution and high speed transfer. Alternatively, in an



WO 02/ 070271 PCT/ US02/ 08164 anal og process, the entire assenbly may be
I rradi ated and a mask may be used to selectively expose desired portions
of the tiveommbloy7i mageabl e | ayer. See, for exanple, U S PERUSINOSNGS.
5,857,709 and 5,937,272. Organic electronic devices, such as light emtting
devi ces, photodetectin 5 devi ces, and phot qvol it ai,c I formed of
a thin | ayerangfogdresess. s entiyeasseplyinyy mﬁ*aﬁqd aglgr?dﬁvﬁ S?:(I{IZ%IY e S\%gg% t Wo
el ectrical cRpcasilyerp®e desifdgoitioaof thegherarat)sminegashledayeal Searfer or gani ¢
mat eri al s exhi biti C | ug tosensitivity, charge

I6 RS an ooy o SRS

transport androP CHore or el'éctron),, electrical .~ conductivity,
and/ or exciton bl@rgenicgleconicrigvises, sichms\lightenniting davitssphptodejecting | east

one of ”?;et ﬁéeg,gége% aﬁ(ﬂéhcgpiﬁl?a% cehlg,yrﬁéﬁbé forhb@BEP B Divel 6f dlécidhetd@ that | ght

can pass ctrical” contact |ayer to or fronﬁﬁgg eltectroactive
organi ¢ mat eeriganic massrial sandpehed detvecaswarleRtricplfontact By e FIFCHASINE| ude

phgt oconduct y4gnie gIa!teiiqls QBP?@hQ&?ﬁEﬁM@eﬂﬁbilﬁag ereb@mfﬁimmce,pho_t ost: t ﬁhes

and transistars. O.ganic_ el ectrol uni nescent. eria i ght upon
appl i cation B‘?OtOSfBSng‘@étCP‘I“(gF frﬁnsge?@@ﬁ’ H’éecéllogz({hf)[ecoélei;eg}(‘[)mﬁ{’)ggltesqﬁg%ler s i ncl ude
or gani ¢ nol eggHdasivitys indisr exgitdiblacking, Theimattriahmsy be semigpnductive.i &kt i ves,
acridine, and stilbepe derivatiye i oHPahePissNo.

4, 356, 429 togéfsjr(?&.e ogﬁﬁefeghbc&gﬁngae& %agﬁﬁﬁgg?%sghegg%g%&o ﬁgﬁéglgl soﬁbsgen used
as el ect r ol utirouzhdbaelectritarcontast lagado of Gemdheplseteoactiys prgapicaatefal (. s

Patent 5, 247,190, 1@l similds: sRuctiifl $llud¥pho cdRuckivf celnd 20 Nakano
et al., Publ Iiaé%écpt ur(%gliecaeﬁ%gtsémnlt AS\ppfi cation 443 861. The el ectroactive

or gani ¢ rmt epheioresistive gsds.iorasiesgs.riosHtrhes aBAr@RSI¥ASat vari ous

\Aﬁvel en?t hs. L: l@l@?gaﬁﬁrb‘}éc%tﬂo‘l’lﬁnid@éééﬁﬁﬁatgﬁal§ Whivh e}ﬁholailgidex:penhppliz:aﬂmdo{
photovoi taic cells, ma so _use certain conjugated. [ el ectro-
and photb> | u#?ﬁé‘%‘é%ﬁ‘ir"%s&g%?]ieﬁwael CtOB{aﬁéﬁé‘?’rgf@Lﬁﬁ Oﬁagé&raf)g:éa eg ?%ﬁa in
response to #rtbiagdtie, Butadigyes, Eumetrinodenivitines caenidine28ndwiilleane slegvativeed with a
charge trapping.nmaterial b ) I deofdatkd S

deri vat i ves, SEndth ARG g PR K SO ECT ), SEREARAGRRkofREALLS
al ., "phot ovpolymiers et klso beech yied o lecteelimingsepntmatgrials. e (OpFHATIRIG

pol yners: Rgg&metg%pgrse@afem o8 eOE MR8, (PROPABAIQG0. W8, 108aahd]ose, CA,
January 22- 2000 30 Organi ¢ ‘el éctroni c..devi g {fﬁ% tlhe advant ages of
f1 exi bi 129 y, Nakanoes gl., Bilishediopgan féBPIh‘iaé‘Fm? §8§3 ThEs g 8¥france

aﬁpr oaches QBfkagi@ Iﬁﬁéﬁalﬁi@ﬁﬂfﬁej ; @Ié@ed 1@ PSR eniidsiin @ fvatiowdidvetengths. .
phot osensi tive deyi ces. ) .Organi,c_sem canduct i . so be
Csed To Torm th nLieHh RnstiERbriSEonen s pRRAEPaPS P B FELC bl fiad, o

conpl et el y f nlsousy gamnircconpigatedgiotymers Bndlelectsi- and photoflumingaeent materiglsi al s ar e
| ess expensiye t Lekel ; ' b hs end
applicati ons¥ eélggd?ﬁ %)J{mglrgéél\l%\nag @rﬁllalﬁllélqs 82%?63%(9%2 eﬁgr?‘c/'egtl% I gmgg%jéc\j\&}lver e it
woul d be2%ine oatesialsomixed avithsachargedrappmganaterialngich ap packmipgterfulfegenea x anpl e,

Drury, CJ., (&}, @hd its d4PHHGES bhoth sudiQlghtRinsitiRitp.o8ed, Bt examdLy, tysi, Gadgpl -
et al., “photovoltaic cells and photodetectors made with semiconductor polymers:
Recent Progress”, Conference 3939, Photonics West, San Jose, CA, January 22-
28, 2000. _
30 Organic electronic devices offer the advantages of flexibility, low cost and
ease of manufacture. (Id.) Their performance approaches and in some cases even

et

exceeds that of traditional photosensitive devices. (Id.)
Organic semiconducting material may also be used to form thin film
transistors. Transistors may now be fabricated completely from organic materials.
35  Transistors of organic materials are less expensive than traditional transistors and
may be used in low end applications where lower switching speeds maybe
acceptable and where it would be uneconomical to use traditional transistors. See,
for example, Drury, C.J., et al., “Low-cost all-polymer integrated circuits”, Appl.
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I aser-induced Organic electronic devices such as photoemitting, photodetecting and
photovoltaic devices typically include a layer of charge injection/transport
material adjacent to the electroluminescent organic material to facilitate charge
transport (electron or hole transport) and/or gap matching of the electroactive

30  organic material and an electrical contact. Charge injection/transport materials
have not been patterned. Charge injection/transport materials of low conductivity
must therefore be used to avoid cross-talk between pixels.

Patterning materials using thermal transfer processes is generally faster
and less expensive than patterning by using analog processes in combination with
35  wet development techniques. Thermal transfer processes, particularly laser-
induced thermal transfer processes, may also provide greater resolution. It would
be advantageous to apply thermal transfer processes, particularly laser-induced
thermal transfer processes, to the application of electroactive organic materials.
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25 A fifth embodiment of the invention is directed to a method of forming an

organic electronic device, including providing a donor element including a
patterned layer of electroactive organic material; providing a substrate comprising
a first electrical contact layer; transferring the patterned layer to the substrate such
that a first surface of the patterned layer is adjacent to the first electrical contact
30 layer; and providing a second electrical contact layer adjacent to a second surface
of the patterned layer.
A sixth embodiment is directed to an article of manufacture, including
a base element and a transferable layer including a desired pattern of electroactive
organic material supported by the base element, wherein the transferable layer has
35  been formed into the desired pattern by selective heating to remove unwanted
portions of electroactive organic material from the transferable layer.
A seventh embodiment is directed to an organic electronic device,
including a first electrical contact layer; a second electrical contact layer; and a



A seventh enbodinment is directed to an organic el ectronic device,
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Thermal transfer processes that do not damage such thin layers of electroactive
25  organic material would be useful.
As used herein, the term “organic electronic device” refers to an electronic
device in which any electroactive component, is an organic material.
As used herein, the phrase “adjacent to” does not necessarily mean that
one layer is immediately next to another layer. An intermediate layer or layers
30  may be provided between layers said to be adjacent to each other. The term
“photoactive organic material” refers to any organic material that exhibit
electroluminescence and/or photosensitivity.
BRIEF DESCRIPTION OF THE FIGURES
Figure 1 is an exemplary donor element and an optional receiver element

35  for use with the processes of the present invention;
Fig. 2 shows the exposure of an assembly of the donor element and

receiver element of Fig. 1, in accordance with the present invention;



Fig. 2 shows the exposure of an assenbly of the donor elenment and receiver
el ement of Fig. 1, in accordance with the present invention; 5 WO 02/070271
PCT/ USO2M@aBd702Hi g. 3 shows the donor el enent of recei vepCrUsostcdof Fig.
2 after exposure and separation, wherein the donor elenment includes a

patterned |layer tgo be transferred, in accardance w t.h.the esent

i nvention; Fig. 4F1§h%§3$°"¥9ﬁ§eQﬁ?ﬂfre?eé‘i‘@ﬁﬁﬁﬁecgyerﬁlﬂge’%OgEHg’2agg strate for
recei vi ng t hgxpoBurBahll espaeslionawherpinfthe dorbr slememt inckiddom pattezhesriayar tand
substrate of  Fig. .4, after transf.er..of . terned |ayer; Fig. 6 shows a
donor el emenb® FisfrRdn g acpidppss dth? 5%%?%? te%t%%r in accordance with the
present inventi onFignd skowsthe denarebenenapEFigs 3 and asehstipte fonrgeaivivgithoni ¢

devi ce; g,;'g. Zueﬁtk%"i’é he anode substrate of Fig. 6 after transfer of the
patterne I%yer; and Fig. 8 shows the anolgg1 substrate of Fi 7..after
appl i cation of a Eig hekesys thodepgr ctementapgpubFiret o lgrﬁléffeﬂl\tféﬂ%?rcﬁtﬁ% I'n
accordance Wpiiferiddgapresent invention, unwanted portions of a transfer

| ayer of electroagtiVye organic terial, supported a .el enent are
exposed by heat a}(‘;’(g- P%%S?%Bmloﬁ?MWP@?‘%&R#SH@B@?%@Q%%&roactive

or gani ¢ mat epécatdanté oehttiepreseanaiventidnoandran afibde rbptoase pfaporgaeicn is a
negativeldjrra?lg tof .taev.desi red pattern. After exposure of the transfer

| ayer, es ‘é&o%‘é 8% of el ectroactive 20 organic_material remins on
the donor el enent FigTRshéwesithe enpdssiuhgirattef Figuhaftardranplst of e patégmedye

el ectroactiv .gagi ¢ material is localized and dissipates quickly. The

| Veayerl 9! ! . ;
el ectroactlveyor’ganlc mat eri al of the de ,re_gfl&atte.n 1S no t herefore,
0

t,
exposed to suffi EigeRshowsthempodeubairaiee ‘?rc?ﬁpﬁ‘?at‘f’ﬂé’ A&eBPdS . The

desired pattern may tpETAIEED PRSCRIFEON OF THRINSVENTEONN a second step of
the process without the use of .25 excessive heat. such.as . pation,
whi ch wi I¥ not caﬁ%@’%@@ﬁ%ﬂ@ theqresspt lpﬂgl\{loBa‘fI{V%%eéjgpqné%ro&%\}%g‘ggPrrul tiple
patterned | aygesofslectioactiveangirivmaterighsupportetsityea darios elemenhardexposedccor dance
to the netho f the inv l.on . I [ el enent

EY ?lﬁ%j to ?rﬁigi ergtg% Px?wanu},];bﬁor}&ﬁsn&f tﬁ{ ﬂg@ﬁéﬂ%cﬂv@%gﬁﬁ@ n?a?&ﬁrl

and the resu erne ayer on nor elenen may al so

i ncl ude a seéondthp aansfenleyer} dheexpdsued pattemoa emegasiverigags of thadesired| . 1 n 30
or gani c. el echr C AdRY baSSuE YR Rindte: ROL aRbGHRBIEMS rAIGRDMEVER! erf al - and
charge injectron/transport organic_ mnaterial, lfbg%éghot actl\ig or gani,c

mat er i al 2&nd organis reagRgdemans on thsranprelement Thehent exposipg theinnigdy e + he
Sﬁ”ef pat t er nportidRs BPiteleleRtr8aRNt ofdicanatondliiolvahlizedaad dissipates quiekly. used i n
the first st

AR o Ao e e T
to sufficient heat to cause decomposition of the material. The desired pattern may
then be transferred to a substrate in a second step of the process without the use of

25  excessive heat, such as by lamination, which will not cause decomposition of the
patterned layer. Where multiple patterned layers of electroactive organic
materials are made in accordance to the method of the invention, the transfer layer
of the donor element and the resulting first patterned layer on the donor element
may also include a second patterned layer of electroactive organic material. In

30  organic electronic devices containing both photoactive organic material and
charge injection/transport organic material, the photactive organic material and
the charge injection/transport material typically have the same pattern.

The donor element and an optional receiving element used in the first step

of the processes of the present invention will now be described.
35  The Donor Element and the Receiver Element
Figure 1 is an exemplary donor element (10) and a receiver element (20)

for use with the processes of the present invention.



Figure 1 is an exenplary donor elenent (10) and a receiver elenent (20)

for use with the processes of the present invention. 6 WO 02/070271

PCT/ USO2AM08atd702As best seen in Figures 1 and 2, the donoPCEUSsGcH 10)
conprises a thermally inageable transfer |ayer (12) conprising at |east one

okl nor | ayer (108 besoorodn Fasecsand % fos dagot teletalD SRS T o) | ayer
sfer |ayer
gﬁg) t hThte baﬁlf@n@ill ea(bﬁt)ransﬁerﬂﬁy&ﬂmmmpﬂmng tt leant ohdnhlybe«aﬁ i ng I ayery( 16)
e transfer layer Sfer
or nore addl?Fﬁﬁ’éFt‘ f‘a%& %ﬂat aﬂle”’ ’eatql?asg IIe %{F{%Z%%r@/aeﬂ%)r{m n| & e;: ZlesOne
For exarrpl e bétiveerl thy base(cd@pent}4)pad sire trazisfe layer (I2). nEh@:bfﬁi? elemeat (I4) and an
o omal 1 o Ebvidtetudfi e nef 8yer (&6l LR RRRARF L 2YRARS 8l . The

opti onal own on | rst 0 ele qﬁ active
organi ¢ nat etraras er(lase)r (130 penyi also qomeprise gn¢ pgmpEsadditionah layess Pg ﬁgﬁn@el y (not
g?g\gﬂl) Ct hfm ?@%ﬁ:ﬁl{l@{lg gr)rg%c(ﬂa‘%énalrﬁi%ﬁr“oaleﬁﬁn e, thela\geﬁ(m% ebaeﬁt rogpt ive )

in er t
confi gur at i oflegFPlumHieseey g eeé@ga"élrm’tor?e‘ P%é%}%f ‘ﬁé egePeLQigng ©
el ement (20) 1rfj&ﬁbﬁ/1tﬁﬁ§po& maedaly Ghe sptiqroa layeﬂ(zﬁ) ﬂrsﬂown On]iSIdEplfiﬂnﬁ‘lﬁl_fSt adhesi ve
Che. t rantf ef leptipahivy oty it ) opbasi Toc el /1B, XhbBe ) BCORC 8
exposed por t {mnsha¥n) thdweptionekinyardtt) mey dsgbnbaween be iclectroactye oreganife fir st
step of the pi %%ﬁft%?ér (ﬁ% &Ifaelge H{]a‘?ﬁlgnécyek (165, Qﬂlhn%z&l fﬂ%‘%oﬁﬁ aforeoent (14)

of the donor e el ver ppor (22) o the receiver
el enent are ﬁlemﬁhﬁiaéﬁwth?r%tﬂélﬁgé‘e‘élﬁ"eet nat er| als. Preferably, the donor
el ement (14) and Therd&¢8 dlehertPPUoinprided)a RE€ivérsappdrt @2 end aci litate

subsequent processi sSte described further, below At |east one of
the basel? el %H‘\EHW‘F ‘Q’%‘V%ﬁgat{“lng‘pecel ver support (22) is transparent to

Idaser lr3 agl ?t i '?E (Rn% teeier déhen (20O)ris prefershbly providedradjacentrio tlertrdnafeer (12), as
escri be u e 0 f

appropri ate a@fF ‘33)30@‘@ ﬁﬂ‘é"rgﬁé@“ gﬁ)«g% retc‘g?’ﬁ}?e %%tegeéﬁg)lspd Igo rabljlslnasf

pol yet hyl enetiteelaspioadtiie arganic patesielsil 8) ihthe firsobtop ofithe psQﬂe’ﬁS@ﬁéfthﬁol yi mi des,

pol y(vi nyl é{eg lnx%ﬁt@r?et al), poI yethyl enes, or cellulose esters, such as
cel lul ose ac poI yvi chloride. Preferably, the 30 base el ement

n
(14) of 2he donor b¢ b@?é enfepd 1y41) of theidpaetlerasn (%(Qr@ﬂﬁlﬁ?ﬁif;%if’g SURER™ has  been
ﬁls 23 rf?oﬁ r ?ﬁte ED) bP HRGERMer khtendneareididedstotRlly 6thbleshddl enaterints. rl&é&rablay s rr:ay be
el ver sup ue ri S ol yet hyl
{er epht hal at BerRPERCHFRATE am(tﬁee%ﬁflé’ﬁresﬁ‘wp%"ﬁﬁageafiﬁxée{ﬁ el e ory
paper | 0 lrJ | S ]y Ritzequent prepessingstaph, aslestyibed furjhes heluivondieitasgs ohg of i ibase
(aval 1 abl e 11O 1a) i A2 E20lr A543 APalcRIRASr AR & D)
25  allow for exposure of the transfer layer (12), as described further, below.
Examples of transparent, flexible films appropriate for use as the base
element (14) include, for example, polyethylene terephthalate (“polyester”),

polyether sulfone, polyimides, poly(viny! alcohol-co-acetal), polyethylenes, or

mﬁ

cellulose esters, such as cellulose acetate, and polyvinyl chloride. Preferably, the

30 base element (14) of the donor element (10) is polyethylene terephthalate that has
been plasma treated to accept the heating layer (16). The same materials may be
used for the receiver support (22). Opaque materials, such as polyethylene
terephthalate filled with a white pigment such as titanium dioxide, ivory paper or
synthetic paper, such as Tyvek® spunbonded polyolefin (available from E.I. du

35  Pont de Nemours and Company, Wilmington, DE), may also be used for the
receiver support (22).



receiver support (22). 7 WO 02/070271 PCT/US02/ 08164 Heating Layer As best
seen in Figure 2, the function of the heating |ayer (16) of the donor

el enent WOY2/0®2110 absorb the | aser radiation (R) used toPerpseasidie

el ectroactive organic material of the transfer layer (12) and to convert
the radiation intq heat. 5 The heating layer is typically a nmetal. N ckel,
al um num cfﬁ%@ﬂ%ﬁq—l%nadl um and alloys thereof, are preferred netals for
t he heating IayerAﬁE&) seelilin E1guon2,thafandegrosf the Heatingiasrer (19)wb ghe doppef er r ed

because 1t 1aSnBaGToY BU0hbRhe I HBlRAT AR Ased ReoRbechE eRERbNREr gani ¢

mat eri al may romnic | asma treatnent, as

10 di scussedorgzamit mmatcrishof thatrapstaniayerd 1 randite é?n‘éf"ﬂi d@t#ﬁ’&t"é‘f‘) ihgls are

transitiopn Wﬁ@heaﬁhﬁ%@?%t?ﬂ@all a8lal i c el ements of Groups 13, 14, 15 and
16 (acccording to tnie " new format |isted éﬂ tﬁgﬁ% ”EﬁgdbOOk of ;Chem stry

and Physics, 81StNiheh plymipummehpmum, vaggdium.and GreRiEE ™ wher ei n

E Ee gr Oijlps aﬁl@taﬂmpﬁfe%atlngﬂ&yérr(q)m | Btédtrontbedrn depepited mickehie nst i odi ¢ t abl e),
eir a oys ach t ts of G oups

1 and 2, andP r{{eﬂ SHE5F H%ﬁge?ﬁﬁﬁﬁﬁ{tﬁg{#@%g ()Wplars,é é%cﬂgﬁ@e%r n(')c;s with t Ee

el enents of fHaripbmiy bates fagdmdtlfﬂom ke by @xygeadhesmaincatmentes

el ectroaﬁflv ol gginﬁ ?‘h , or may be treated to have | ess adhesi on,
than the = ad 13slfs'on ?%e e ectroactlve organi c, materi aI to the, receiving

surface of the 20Examples ef ashqraoitablematesigls aseansitionmmefak dementsaithsten (W i s
an exanpl e of,.fyj %Jébérﬁ&h?of@f §1181 100 1 9RA®I 6 (4086 @iRg tAtHERWIURA@ONNEt al | i ¢
el enent, can a e use

| h | b
organic | ayefor@éhlbﬁt?‘%inﬁbe Ialﬁndwgagﬁﬁl\é% é‘Pa gﬁﬁslgﬁgk ngiﬁ%g&%%sgr ?n
tEéfmrrglr gts of Bubd nﬁxﬁﬁ IEL i, DOE- mh(ﬁb azvﬁdmﬁehezgouﬂsme demnberpd $ € 8afrorh dift toy | Iow |
ea Vi
chl ori de nd \éﬁtt(’&él?:ee?q bcsugl E@éh‘%ﬁfg& r?%%h(r:&h&r g%lggé ‘Q@férﬁ% g?eyw e
carbon bl ackelamentsof Caows ldyﬂSZ aﬂ'dlthChlamebﬂs \Maveﬂdmgth'@fathﬁ? kgerl der depends
on the opt| Cg]!l ﬁgﬁﬁ{tﬂg eRheffs Oo%flﬁg‘Su t%dsz %@Efiall FHabe Fe|§§ éﬁﬂek'igh t(f‘th%kel

vanadi um or a layer oms IS prefer
al um num hea@lnep@oacay@ergamémat 50 maychsitreated to hiavadesssadhgrion;t %H‘@Bt i cal

absorption. hihesRhRPhe e‘ied&%a@hvetdi' 1&11@\§iehﬂlgo|tﬁ’é’&6elmkg|sdrfb@ dftteen about 500
to about 1,000 Angstrons,

Al t
| ayer, i%0 |55‘H?S§6ter§%@s%'|’eét %eﬁn “hg\gé‘ r@‘“&ﬁ ?%gd?ﬁagﬁ e?’%/ Pgiﬁﬁdhte ﬁtel "

di fferent | apygrstisiamefabve the sane or 35 different conpositions. The
heating |ayer (16barr€a}4 b&ro%%pll4' e%e?alltiéﬂ'é:ierggrﬁecaﬁl a?és%tusé&“) by a

Alternatively, the heating layer can be an organic layer comprising an

organic binder and an infrared absorber. Examples of suitable binders are those
25  that decompose at fairly low temperatures when heated such as polyvinyl
chloride, chlorinated polyvinyl chloride and nitrocellulose. Examples of near
infrared absorbers are carbon black and infrared dyes.
The thickness of the heating layer depends on the optical absorption of the
metals used. For chromium, nickel vanadium or nickel, a layer of
30  80-100 Angstroms is preferred. An aluminum heating layer about
40-50 Angstroms thick, shows high optical absorption. If carbon is used, the
heating layer would be from about 500 to about 1,000 Angstroms.
Although it is preferred to have a single heating layer, it is also possible to
have more than one heating layer, and the different layers can have the same or
35 different compositions.
The heating layer (16) may be applied to the base element (14) by a
physical vapor deposition technique. The term “physical vapor deposition” refers
to various deposition approaches carried out in vacuum. Thus, for example,



physi cal vapor deposition technique. The term "physical vapor deposition”
refers to various deposition approaches carried out in vacuum Thus, for
exanpl e, vBOW®271070271 PCT/ US02/ 08164 physi cal vapor deposuséamsiédncl udes
all forms of sputtering, including ion beam sputtering, as well as all
forns of vapor deposition,, such. a ctro beam evapqrat.iop and chem cal
vapor deposmh}’é’r?ap‘lﬁp%é‘iﬂoﬂt‘@nf‘ eéiahg Pm\%’ rmcﬁlgﬁ’(gs rllgﬁﬁ{nuseful in
the present dpuveritd, @8 well aaanffoxfmgifefhpmrrdesmmmelsuc’lms elictrioplbedmmay be

el ectron beam de te t.o.th

appl i ed by r&&pe fs}l:%al?\ 8‘?3?‘}%%‘” gsﬁﬁélﬁggéﬁc %mg’%%‘%ﬁ}r vangg‘*um | ayers
may be appl depdsibipn @sefhlein tbepprcs@r( lm'gntmn @Béﬁmﬂmt@éémm iNitksh. As best
seen in H gupasyde l%ctr&r?béaﬁf:&«lgi g%deor{té ﬁﬁ%ﬁ‘é elohet N4 PALAIAEH nagRr (12')

&
of el ectroac{n ge organi ¢ nat desired substrate |na?he second

step of the appbieg bm%%%lvebé@mgr @EOYB&%\HICkFlaI}dsm? Yanadifm {ayss %% adhesi on

1(:)1;] th;ahheazjlhgga 68 by t@%ﬁér F@nétrh% (ﬁ|eﬁQtr6@B§dmd@dgft@ﬁnl c material be ![ess I
an e adhesion, o e glectr ni c ri g i ona

| ayer (15) (if pro8bestpeenip Fsos b Fagi Bl ARSI B B v ‘%‘?h‘g‘r(ﬁ@

t][ler Ief ore préf deaaytiver @yarde thateeialvedhe déwe&ewhstmg 1hd;eaeca§mﬁ$tem0fdhc he |ayer

of e ect actlve be 15

provi ded y Wﬁﬁéhéegf@%%%ﬁ’ga f’glmf) heTH1 eaﬁh ﬂ??@?at&%myﬁgg%ge:n

f ound t hat to»agag ehecqnnbw;gmongamamwal of less thaeale,et adélbagn ofjflegiacneivand

preferably a c%té@ﬁﬁ@%rggﬁ%da'l Ia?eleasjé ;[%ﬁe%'i) ff tht Bepsttarl neekiqatt ern of

el ectroactive®organi c ate hy la t hout
damage to t heeansdd?)isakareioee preferabhy ErONﬁJFa ta\{eenmg: %/"ﬂ”ég] 5’3/@8) ?‘Fﬁilltmhal so be

f lor rrfd on thgy %ﬁe@&ﬁo@étiv%fb?gdﬂxﬂﬁlhhﬂéﬁal?@Z am&rre(eafe)meaﬁs@m)nna;wb the | aye; of
el ectroactive organi c mater,i al

f ew monolyePOVi P@Pﬁé{g?’\/@ﬁma t[r%qtlgg?ée 1}63955 é‘ysrf(lgﬁolﬁg?s @eeP % tE‘ 2:: gaya
al so be cgat 6xlygdh pesinaytreatmhent bhat leastaboug4$ sgeendssandfpaeferablysaholit as by bar
coat in ui e r I

o108 o PRSP A TP R e,
per f | uor odecma@rlahmath«t sulistsate bylaraispgen, Wlﬂl@Ut damageye therelectapctive

hexanet hyl di ol?#l %ﬁaﬁ@neﬁ"‘?@o 1deq\é?érln§’§3’| ﬁs& BOBHAEEHn fﬁ’é%ﬁ}ﬁ&@ §t:thd Réating Nor val k,

di chl or ane rodecane, "al so, avai |l abl e f | est. I nc. and
t r| decaf ?Qior layer(16) adjacent @tthahlyarr%fcf&cypactwe %%%“I‘B/‘F‘HFCE‘H &hﬁ’ %hléyeraval | abl e
from | Uni E)ed %ﬁ%&@ﬂn&[@x@é’ﬁ@a&?tv&ﬁondldwrs Qﬂtdrﬁdtﬂbly?&leasél’ hgerselfease nmeans
may al so be

heat - acti vat El ect t O
Vet eri ol Ao BoBpRuIRkAEmeEe e SRRt Bl onf e el AN of *Tayer
or layers (1ﬂ)chcat bglbac toatiagt Suﬁahiegﬁasclayatmateaﬁlsmﬂqﬂel ses any organi c

I e h s

el ectrolumn Vit t ans rt an /or char ge
i nj ecti o ( hdicblomsﬂ@n@mrﬂgmpdecane availablé from Gelest Inc. (Tul

hexamethyldi-silazane (HMDS), available from Arch Chemicals, Inc. (Norwalk,
CT), dichlorosilane perfluorodecane, also available from Gelest Inc. and

tridecafluoro-1,1,2,2-tetrahydrooctyl-1-methyldichlorosilane, available from

United Chemical Technologies, Inc. (Bristol PA). The release means may also be
30 aheat-activated release material.

Electroactive Organic Material

As best seen in Figures 1 and 2, the at least one transfer layer or
layers (12) of electroactive organic material comprises any organic material which
has one or more of the following characteristics: electroluminescence,

35  photosensitivity, charge transport and/or charge injection (hole or electron),
electrical conductivity and exciton blocking. The electroactive organic material
may comprise organic molecules or polymers. It includes semiconducting organic
materials. The electroactive organic material layer generally has a thickness in the



el ectrical conductivity and exciton bl ocking. The el ectroactive organic
material may conprise organic nol ecules or polyners. It includes

sem condweo bngrootigani ¢ materials. The el ectroactive orgarCT/Usetmiuédal | ayer
generally has a thickness in the 9 WO 02/ 070271 PCT/ US02/ 08164 range- of

100- 5000 Angstrons. Preferably, the_.electroactive .organic 2 has a
t hi ckness Ofra;pgq)g? H9 OBWSFémé‘bE{f{erﬁﬁﬁ € f?fjg?q’chg gr%ﬁéﬁn%%rg{l 1 a

el ectroacti vmiqmégaifmngw@t 560 ® abbich00tkngetrouse Gpecifit klecpoastiveses of t he
present inventian are..discussed f N ove, the
transfer |ay@e2yf néqteé@}sr\gglgtfpl\;lg%grugé&niﬁ?ﬁ%g{bgﬁggﬁ Oéstpégreeg&?ﬁ\%ﬂﬁg@%?ncl ude
one or nore digpssedfurtbérebtlpwacti ve organic material. For exanple, the

transfer  ayer (12} nEof@ble Araielayef oElRtiohOhWUrpaSE Bflerial™t 1 a

(13) and "a layer of charge injéctio transE)ort nmat eri al, 15%.. ?arge
i nj ect i on/ t rlake{82} maxninsfydg|one gEmore ypessofalectropstivgiorganis patetiph f9ort 10
O gani ¢ Bt e B & e 6l 0t roni &

eria ec cal .contact in _an or. el ectronic
devi ce. Gap Wategal @3> ?@qaﬁ‘é(?rc‘?ﬁch@rgf:ﬁ@e‘gff tm@%@%‘aﬁﬁgﬁﬂ?ghest occupi ed
valjenc?a band | eveChﬁgdirﬁémiohmmoxt mateoa dagilitatks eteetiicat ¢hargddzandporPol yani | i ne
and pol y{di oxyt hi op ; h D) | t

(" o8B RAE kel SHPEPL AR BF B8 ARk kiR POt

mat eri al _ ] : njection/transport terials are
di scussed f umatesial arddeinclectrical eentads in amorganiclesfrapicidsyice.afap MEHMNGHown) may

optional 'y bﬁamggﬂgg%tﬁglﬂh% B%};eﬂ%édﬂ?&l VANRE badblevanthdithelowaygr of

el ectroactive orgadnic 12), as i's_kno in the art. The ejection
| ayer deconpBressupiad songiiston kandp Fe Gp’é’é‘e\ﬁ;ﬂ‘éﬁ‘gﬁﬁ&?’@ﬁl}w@]@?nﬁ} A di ng

alddl t i onal f g 1o AT iﬁj_é@t}billftﬁinsptfn mb&ﬁumm@iﬁlﬁ@(ixmpleb ofichapge t he

el ectroagctive.organic terial layer (1 ot receiver elenment (20) in
the exp edmé?cé‘ggj.graﬂsljﬁ I?ﬁﬁ?alﬁﬁﬁ?i‘ﬁﬁugsea@@eﬁpee?v'l ow deconposi tion

t enper at ur e EfdedssLayean about 350C, preferably | ess than about 325C, and

nore preferably | . : liBed BEWE of polyners
havi ng nore than %ﬁ%ﬁﬁé&ﬁ%@%ﬁ@%{ﬁ}%ﬁ%ﬁr}a -gpxg%lfg?%ﬂur?ﬁgeil rst%gglgorrpgsi %/i on
t enper at ur e béatingdayse (160 wad thetlayen ofgloctroastive engpric spaterial o12)] apyie kaowh e

di scl osed i“in%§artF’$ﬁﬁ€@}ec1}& 1ager7cfé§m§g&es IS sh@p@imbRcllBEwAsShanae of the

present inventl on. emnal additives nmay al.So be rovided jn the ejection
| ayer t o2Gnppiovidingadditionat fores totcﬁléseﬁé"é‘ﬁ%ﬁ 8*@(3 &P@’&nﬁgﬂ PPRIONS AW} ng | ayer
(16), as is keeihctite bfganiamiatéiul 18502y esthe irdieilet letdeftt 2Bpinghe¢ 30 No.
5,766, 819. By pr O%I di ng, an addht i.onal chclec rrg)osﬁil tion ?%‘EW ;a?ﬁr t he
creation of é’élgoé?) ey gy Heber haipg ¢ ol Ve& BUISPVROTEPLESPER " Se gener at ed
to assist i(edsthart atwns3H°Copreiastly 1ask thae about3262€¢, amd mery prefergblyrlessi ded,
t he rel ease oS L hidi of the
mat eri al of E@gqg?‘gé@o@ ‘??{,’E?G%gj Zlggl\rét(:% aﬁ%ﬁé?)l;ﬁ&b hh‘;lﬂé Faoké @i bfE
25  decomposition temperature, the first decomposition temperature should be lower
than 350°C. Suitable ejection layers are disclosed in U.S. Patent No. 5,766,819,
assigned to the assignee of the present invention. Thermal additives may also be
provided in the ejection layer to amplify the effect of the heat generated in the
heating layer (16), as is known in the art and also described in U.S. Patent
30 No. 5,766,819. By providing an additional decomposition pathway for the

creation of gaseous products, additional propulsive forces can be generated to

assist in the transfer process.

Where an ejection layer is provided, the release means (17) discussed

above would facilitate transfer of the material of the ejection layer adjacent the
35  exposed portions of the heating layer (16), from the heating layer (16).

Adhesive Coating

As best seen in Figures 1-3, adhesive coating (24) of the receiver element
(20) facilitates the adhesion of the exposed portions of the transfer layer (12) to
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35 exposed portions of the heating | ayer (16), fromthe heating |ayer (16).
Adhesi ve Coating As best seen in Figures 1-3, adhesive coating (24) of the
recei ver vebement71 (20) facilitates the adhesi on of the expowr®doymsids ons of
the transfer layer (12) to 10 WO 02/070271 PCT/US02/ 08164 the recei ver

| 20 he. adh
e so hi gh 1 ircseier Gireeptenl s fihaies e siahy FURSHE SRRk ST, "
rk ﬁgow\gefin I [1 gﬁg[ﬁé%oﬂ)ﬁghﬁﬁﬁhe hagposddipdytidng “Z‘“’ teehisfes layer d@dpieTgmeeed | as is
hﬁgﬁgﬁﬁ?g zgﬁ%gctgggdl'{%givé goe}tmrgr? éll)bgs ) @U{Jvh(‘hl? bR art.

pol ycar bonat §0m4 | ori de,
styr ene/ acr yThaadhesive coasing] (Q@#Enay p@a yl(ltﬁéhnﬂyqad&néWeQ Pomaﬁ% ate
copol ymers W, :% 2 hé&l?@ﬁy e, W le/a &ﬁthﬁecopo(yﬁ‘ifétr mdifi(’iﬂﬂrai e

honopol yrer s rret ha ryl at copol yrners, .an m Xt ures
t her eof . Thelamooe)eng&ﬁcela oppky §@|‘ﬁw}th9 epg,ﬁn BrYlﬂylt%" Cfl‘srst step of a

preferred engpddhieRliae hombpolpmesssischss oltyl fethiicerste), copslyeetsj o, t he
uncovered surface of the transfer |layer (12) of one or nore |ayers of

el ectroaptlv@l’gPﬁéﬂi‘eée terial (13), (15) of the donor element (10) is
br ought i nt oThe€ Pricastofhd Pretdne Iinahtésri ve | ayer (22) of the receivi ng el enent

(20) to rman ass | ééa(ﬁié

pressure (gan be uifbtg‘"?&é{ﬁ ﬁg)fafg&?ﬁgé%g%g%ﬂg trbflﬁllegprf%gjs hh”]?le recel ver

el ement ( 20) inventidr ¢re unsovesedsurfase ofithedianstor layen)(12)ef enser mare lvewHat i ve,
the donor el a@%acﬁ@‘@?) Qn'idi‘gr?dl £1), (199 SMBB okt Mlerhé@ (119 ié BRaghtia@et her and

t dtoth t
yel anot her EoHiedtimath @ﬁal{q%e«‘éiwfzzp of Brarien(indg SRR GO fohaRed o the
;rg;:/elb\ée; egﬁgﬁgﬁlb )s) aékbése;sé@tm\wg?z Vd@ﬁurﬁ&n&/@f ﬁmsmetmmsaﬂnfmolm enent
i ani n

cover shegéJ g" dﬁﬁ&?b@)@fﬂ?ﬁﬁ@&i@%ﬁ? W&VFF??{BC‘} g%@l gef%ﬁ ﬁ% m{t%(gmen:nd to
facilitat eI tbsa;emblw(\lé) Af amitherfattematies, tiestonphelentonidd Opdrsimeediver10) and t he
receiver e e t f

Eé@%i ?%L%V@ﬁéﬁggaﬂér dnfl ri'épeg to hﬂ:%xﬁgﬁxg %g%ﬁtub mageabl e

transfer Iay ectroactive oeganl are then exposed
t hrough t he gmmimnpmersmstcm(cmyls@ Pe upesldlj At yeb anqthygr altgrnaiee.fthe danef heat or

light. If th@leh{%ﬁf-‘qm anSISbQQHl'iﬂate(dztg)thé 1%ce1‘i/é1%'1§ﬂé}ft?m)a Altema'iwallysmeposm ble to
expose the donar e nt to radiation &B cej ver support

(not shodh) . sydachhihesionar elpwgrl mayke ’é’k‘ P‘?aéﬁnﬂ by ga‘PW@ UShat i ve
i mge of thenpfi@s pb@@t}@@én%@wbrstﬁaﬁohﬂ@mveghé eotedct (lh)thScaivesi@inenthe

bort ons of (1R i Gt B apmpraet o BERE e BRn e Rbo e B Bt e o
unwant ed por theaBeciteretemdne (2ansfer [ayer (12) of the donor element (10) to
the receiver el eﬂﬁlwan{ea%rtions of the thermally imageable transfer layer (12) of
25  electroactive organic material are then exposed through the donor element (10) by
radiation (R) in the form of heat or light. If the receiver support (22) is
transparent, it is also possible to expose the donor element to radiation (R)

through the receiver support (not shown). As mentioned above, the exposure
pattern is the negative image of the desired pattern. The heating layer (16)

30  absorbs the radiation (R), generating heat which causes vaporization of the
unwanted portions of the transfer layer (12), transferring the material of the
unwanted portions from the transfer layer (12) of the donor element (10) to the
receiver element (20).

After exposure, the donor element (10) is separated from the receiver

35 element (20). This may be done by simply peeling the two elements apart. Very
little peel force is typically required; the donor support (10) may simply be
separated from the receiver element (20). Any conventional manual or automatic
separation technique may be used.
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el enment (20). This nmay be done by sinply peeling the two el enents apart.
Very litwoexpmet1 force is typically required; the donor BOppSe20s{cu0) may
simply be separated fromthe receiver element (20). Any conventional
manual or automatl separ.ati on technique used 1. VD 70271
PCT/ US02/ 08164 separatipn Pt the d8P°rte}¥%“?}6:®s aaﬁ&wﬁfm(efc?}e%@a(ﬁe recei ver
el ement | ( ?Oémetdéﬁréﬂq&héﬂdm'abf firsneledi2oaotiod ofganis mattried (Y3 aod optioral gani ¢
material (13) an tiog secon r (15)
remai ns on t%‘F@ B‘gﬁ]ggu%qcﬁﬁ%ﬂﬁga?lf acéer\f%?ﬁg ?rﬁgﬁ]g th}% cgﬁﬂf ae&gﬁﬁgbﬁort i ons
(12") of themlaﬁmraposedymwm@pmmsdh?ﬂwéﬂsatra@e@rlaapr@%m@mn 20), as
best seens i nréééﬂzare%exg@iﬁ(%’fﬁsﬁﬁg&ehnnﬁgggre 2, the radiation (R) is

pref erably provi Laser Tadi ation may be proyided at a | aser
fluence of up to Asbastsqemm@mlre 2pthe radiationy(Ra soreterablyagVided byd. ot her

techni ques t paty geR&" rﬁ(‘hﬁh@rﬂﬁ)ﬁ}' 6k prividedak a llfder B@nd€ of ﬁ;ﬁfbsefb@ﬁt pi/ctnBe

el ectroactive e er...na ex I
a thermal pr P???erg@éi&go‘gafs 4(9r’8¥€‘8%| @th&F i{eg@gq %ﬁ?gtggp?rﬁg SPffB’éer\}\F?%t e
di anet er s r apglise grahsfarnofahoelectbdictienangamie nwterialidyeamay hessedusedell.n at omi c

o e e r PRl S PR BiMABEETS Bl ot AR SAET 1S

provi ded t0 generate resol utions nmay
be obt ai ned vhatﬂatesmmngmgrfsnmhbout 50 inprométens, wchlﬂsﬁloﬁ%lgi;ﬁd in i@n%lfqr%s types

of lasers mﬁll&%s&?}gq‘.otagoﬁ)@rﬂ&?oﬁshﬁl@ BRb TRk, | Aeaeafli€prolidedsd @k | ayer
(12) of el ectroact e organic naterial. The l.aser p eferalécb t he
i nfrared, nefetallig n@ﬁtecgemrawbq hrat Highenresolptions may é‘?? Btaig %‘F‘é@’@gus are

ghggteanlt aser ﬁlgeﬂhéﬁf,maﬁaqtyaqageeg; otn of 750 Itlo 870 nm whi ch offer g I

| advan in ms 0 ma cost, pstability,
reliabill rugg&aaﬁ%‘é%tyﬁ é%ls%s By F)(;ﬁos%hwetbfrgﬁgy |“£§%‘?‘B emitti né in
]'Ehe ra][lge of trZﬁﬁeﬁlﬁyéi%UZ)mﬁemt&oamwe orgame:fmatenal TBaddset p:sﬁetrdﬂ:acmltavai | abl e
rom for ex pe 0 r types
of | asers m@‘@r@%‘e ne%}'l a%&s)&SISISIE ouish. ﬁérfigulax@f?d \g'%: E@ t%g
absorption oiast:lh@nh@ag |lmg1€Iregden of 1%) twﬁd@cmwhmh@ffeéwubsm@a éﬂ@&@t h of
the laser. 2% {efm %Bﬁhéi?e%l% z?niﬁ{iftcoﬁtlgt)a bitieyd réﬂa%urtﬁcrﬁggfe%es%laﬁaeme df20) are

bot h fl exi bl e, e asse con ent mounted on a drumto
facilitat® | mndulatippaBioss. la§é‘<¥5tf‘é’i“ttfrl£rlﬁélﬂq ‘@Hg‘b?fe% égf‘%‘raﬁ%épqsﬁyer (12') of

f:rsz el e;:tr PAFérrate Sifcﬁ@e%%bﬁaré@szaﬁabl@fr(ﬁﬂ,%rmd pqupmaJDlseeondlo .
electroacti v anl C e onor el

Separ ot on oLAbHBsS SR bienbry OPbs SPruthieRes Mevaby bf oA KRORE; (| ¢
used), as besi theaeqpionidrigthatthe tbsrpiamot thd keating laye0]16) matdhesitheg t he

E)g'(t)'; er nedbl a%%rltuﬁ&%«al/eleﬁgcth%?&%qgger' nto contact with a desired substrate
as

25 If the donor element (10) and the receiver element (20) are both flexible,
the assembly (25) can be conveniently mounted on a drum to facilitate laser

imaging.
After formation of the patterned layer (12') of first electroactive organic
material (13) and optional second electroactive organic material (15) on the donor
30 element (10) and separation of the donor element (10) from the receiver element
(20) (if used), as best seen in Fig. 3, the donor element (10), including the
patterned layer (12'), is brought into contact with a desired substrate (30), as best
seen in Fig. 4. The substrate (30) may include a base element (32) and an
adhesive coating (34) to increase the adhesion of the patterned layer (12') to the
35  substrate. The adhesive coating (34) may be one of the materials discussed above
with respect to the adhesive coating (22) of the receiver element (20). As
mentioned above, it is important that the receiving surface of the substrate (30)
have greater adhesion to the electroactive organic material of the desired pattern
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seen in Fig. 4. The substrate (30) may include a base elenent (32) and an

adhesi ve coating (34) to increase the adhesion of the patterned |ayer (12')
to the 35veubetent e. The adhesive coating (34) may be oneprof/uséesosmat eri al s
di scussed above wth respect to the adhesive coating (22) of the receiver

el ement (20) nti oned bove | t rtant.th receivin
surface of tﬂ@)s‘mn%l:éfuéest‘{%& (rlgéttgﬂ)glfﬁ ${?Xea@ iﬂ’gh ectroagtlve
or gani ¢ mat efdlédse afeati@ 7)1€‘Bherﬁ1dismé (}ﬂ) may be\APodRsrOR EledBCRicWUBER O 8164
(12") thant e .adhe of t.h r o ( 16) with
the rel ease %‘éﬁﬁg C?’flf) ewgeguggbécget@al%ém tﬁnéﬁﬁgﬁgaﬁfﬁb%de@éﬁﬁ%( )
el ectroni c odedcs, or a ghetovataiseath fcasxampleamécrmedcfaﬂhﬂsdbel@w dhei ght
emtting §j| S H%Mateqnaﬁhiﬁ a?Fch‘aW?an sHeyi ce, or a photovol taic cell, for

hel ow.

exanpl e, crib

The. 5 a part of a
transi st or Pr ef eP@@?f?bl)f{th@dGFé@ﬂrpéﬂelﬁéH)aﬁsﬁra(‘i "7‘1 Fostﬁ? r@%ﬁ‘?@r(?@a’yt o the
subgt rate (3fimildtion! eRBm@tﬂonrbr pfs lalrr]ilﬁatfdﬂdlell}%e el S i$ mmmmnhammny be
used, as is kno r.o e m_nat or
manuf act ur edkb'y?ﬁmﬁﬁﬁg]rht at?ﬁ? f@d‘? natob@anf‘ga b’!’% QB??}R é’é%mf'%ogccorrpl i sh
the | am nati DE, 1s\/1hefeab|lyohsledtt@awohiph&lﬁ)thedamnmtmmn\threLdeQ-rblbt h of the donor

el ement M‘ 0) 1 and?trohﬁ is %Fé%is Bé\ﬂto?tl{e?’&)no ?ﬁle@ ?i@h%%&fg}ﬁgég@mt gm nation,

nei t her need ressure o poun S per
square inch flaible IB(DO‘»‘Silmnatan nejthenaeedehe flzihle.cA peessurepbeboW) nay be used

in press | agg) b'l@rDOO hﬁﬁs p%??@fa?é in@H(é:bfouH‘(ﬁ) ljgo@kll@rﬁﬁ'? ér sqidkr fromthe

substrate ( desired pat[ern( of first electroactive
or gani ¢ mat eP‘Ff&lm@(te_Lrﬁ)m&YlBeB%?d%ﬁst agHpaliog- eI ectroactive material (15) is

tr aHSI e(r]I red todt P?f&yﬁbt@bfaﬁbﬁofﬂﬁ d@ﬁ@f;el&?@ﬁ(l@) frdrh the Sabstiide(30), ahf?s may be
repeat e i fferen nts to i fferent
el gct roal:%M 8 %‘ieazi’ﬁft%m&ﬁ? la‘?ﬁoé'lstsel DNRE 05%'{) g[}%}eggﬁflgf (ﬁ%pqwﬂgl substrate

(30), adj acepdcohd ckabactivhiamaterith@ Spistcamsterred td the spbsttents besysaeniimn i s
particul arl YgU fuI to transfer layers of electroactive organic materi al
as thin as agtﬁl 100 Angstrons up to about 5000 Angstrons, whjch cannot be
transferred by cofbeprocessanaybesenested wilndifforent derorielements (aiapabyut

si gni fi cant ? SERIGE difBreR elt iR ab iR EATE RfdtdrAKSIN thEs@hEsimbaky of thBe 25 | ayer
of el ectroactive organl material] i.s between about 500 to about 2,000

Angst r om0 t hFehstratey 3@ adiagent iy ach pthef-act r oact i ve organic material may al so
be applied w th tiTee pfoeeR%s tief prébdeat mwexa&mtls parvieulailp nsefartgannsfedagat r oni ¢

el erent(20) °f HeCHE-H o wEaUs v Ao scibapt | Bl And RS BRyd Bodn anoge o o
phot oemi t t i n§00(PAagsichatseehichgraomot b mtaosfoﬂrcchby:cmvgatmnal éieao@lmnsfcr devi ce,
for techniques without significant degradation of the transferred layer. Preferably, the
25 layer of electroactive organic material is between about 500 to about

2,000 Angstroms thick. Thicker layers of electroactive organic material may also

be applied with the process of the present invention.

Organic Electronic Devices

As discussed above, the desired substrate used as the receiving

30 element (20) in the processes of the present invention may be an anode of a
photoemitting, photodetecting or photovoltaic organic electronic device, for
example. Figures 6-8 illustrate formation of such a device.

As best seen in Fig. 6, an anode substrate (100) of such an organic
electronic device typically comprises a support element (102) and a transparent,

35 first electrical contact layer (104). A donor element (10) useful for making the
organic layers of an organic electronic device in accordance to the
inventionincludes a desired patterned layer (12') comprising a first electroactive
organic material layer (13), and a second electroactive organic material layer (15)
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exanple. Figures 6-8 illustrate formation of such a device. As best seen in
Fig. 6, an anode substrate (100) of such an organic electronic device

typi cal | yweonpneaes a support elenment (102) and a transpaP€nUs02/@be4f i r st

el ectrical contact |ayer (104). A donor elenent (10) useful for making the

organic |l ayers of an organic el ectronic devj in accordance to th
i nvent i oni ncfideaastsr pdbe firs elsgirical soatact layer 1@%2']))‘6‘2{5’??&&9 ¥ oa fi rgt
el ectroact ![ vel_emi@cs]ﬁﬁﬂé ﬁy%?rﬂh??alm%ﬁ%%g]%eﬁHla?erwgmhémlseebnﬁbt roactive
organic materja e . .far transf
to the first efgfté%atcﬁ?é%[fvgrcﬁ Achasee I"Hf/‘%’o RO Iﬁ%?é{rﬁg%%ry%gée#érast TANSTEr
e: ect roact i vpattenyet lajer (#2'pbbfistdedtioaciveyargiric matesial €iI3) hud/sacomhd t he second
el ectroactiv . g | ARSRR ' er. The
desired §pat ? l&bﬁ%@%‘%éﬁ?@%#[I%)ﬁggdt@gétgét r oaclE.) % ?/lgﬁ gfr?tr(ggjl l():}l %t erial (13)
and second 5puicesstdesergied abovsy Wil rasperh teFigal 1-3.1Ehe d@ll’fﬂépﬁ%‘dﬂwwﬁe donor
desl red patt o e T b TEthe ol (13)
( . roactjve or i C eria

and second ep@&r%li’dﬁli {}é) @rilj%f)ﬁ’iagfy W[‘E‘% fo e%‘é%‘/@ c@fg})cqnga%ﬁﬁg?r %\ y applied
Ej 0 th_ebfi rsL b?ﬂ@ﬁmﬁﬂé&ﬁéls@@ﬂﬂmﬁbtm%X&M)aspe&ytolm Adtion also, as

escri bed, above w,th respect..to S - S | ' 7 d
8, after ?Q ransf er Aﬁpeﬁtﬁggndlé’sl:ilglgas J()%t“% %’raﬁ%{j“%%;@fdhfelafs?g%?a#ﬁesﬁp%reS o
el ectroact i vélDrafdirstelertioactivalorgand) matedaldddband setessk alestronetive weaani c
material (15 at(t)ér?iai pﬁgftd firtfirktle f’r‘idai:@(;nté\c@ F(thﬁX%ﬁth()&@ﬁ()e%ioﬁ £ahlapde

portion (125 ) organic electronic_device is appl he cat hode
portion (125hecsagn¢ elegtranic dedenig 2nplisd; rihegptheempertion Ela?ééﬁomlii?f 2 which is
appl i ed over s¢dagd @leseichO@mtdcy Rydy(104)J ¥/hich igra;szgﬂfeaa)k/el(tha)ﬂeeﬁroatchee patterned

| ayer (12.). A second észﬁg nIg; el ement ﬁ%l) 0) iIs éhen | i,ed quer t he
second elRct PTREIC TRYRR }iéer %Y&Eﬁaﬁaﬁ i)ng* tran 6‘?‘5’8%? By oni ¢
d|eV| ce (200) (1203 idhei atied over the gecofid eldttriealahiacelayer (1 b4, farmsrg the

el ectroactive _organic material Y. | igl a pattern by one donor
el enent and f eCof 8rfleclcge&°? %10 1?20%8%8%4@@%?&[ al (15) 20 may then be
applied in a patt &dterrativelystbe fird eléotmoactiz¢ erganic material mgy heaappliediich  donor

el ement woul gatgér}ﬂg o€ d@n&rreﬁ’t{aﬁfén? %1(% Oﬁé%oﬁlgl ZlecRbadive bRk thitefalqls)

el ectroactiv ic materl gh |l ess preferred, a charge€
i nj ecti oAt r sy shen baanplied i a pattsyn bng secand dongs elgmant-o i that qasg eagthde

substrate (1@8hor¥eréWRRld Chdirist QGRRbatRSer (SUCHT sxingl@ypeyfcoat i ng
t echni ques. di scussed above, .the preferred enbodi ment of the present

i nvention re8l5eBeactivgoapgatgiidlyeen’ pi xel s, enabling the use of charge
i nj ecti on/ t r anspoiithoagtelesaprafenei] chabgeghectiedmahspont wiaterial {15 naynponent s of
1919501 € SLESLARRHE 19 5ot i) o onBRRSEIRRRe ML St
25 by coating techniques. As discussed above, the preferred embodiment of the
present invention reduces cross-talk between pixels, enabling the use of charge
injection/transport materials having higher conductivity.
The components of the organic electronic device (200) will now be
described in more detail.
30 The Anode and Cathode Support Elements

If the organic electronic device is to be flexible, such as a photoemitting

device to be positioned on a curved surface, such as a computer screen, the first
support element (102) of the anode portion (100) and the second support element
(20) are preferably composite structures including at least one layer of flexible

35  polymeric film and at least one layer of a flexible barrier material, as described in
application No. PCT/US00/11534, filed on April 17, 2000, assigned to the
assignee of the present invention. As described in that application, the flexible
barrier material protects the electrical contact layers (104) (114) and the patterned
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If the organic electronic device is to be flexible, such as a photoemtting
device to be positioned on a curved surface, such as a conputer screen, the
first swppozrio7oetienent (102) of the anode portion (100) andruke/msesiond
support elenment (20) are preferably conposite structures including at

| east one layer of flexible 35 ITEI’ICfl nd. at t | ayer of a
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ol yacr nitri acryl onj t
Prunrina@a pOvosuSRErapay i apuitgn ‘SRS G M RRESEL L  10
pol yacrylic ramge fiom &poky ta Hlsmnis(ahemtﬂiﬂiﬁv)mmral@s)r esin. Typical support
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etectin

phot oem ttin phot o ot ov device, af least gne of the
support el enihstsspprstelgmenss B@edsmgh? hghtatr@mtﬂn&g)w“afor G Rassage R passage of

light. Li ght hél'ita']ﬁgﬁtltidn&ﬁntﬁﬁg Bérﬂér ﬁ’f&ﬁeﬁél‘s Mchudetitridee Mbhﬂés;ie&bldék uori des,
car bi des I asseg and [ nor.gani @f xi d es; Sl&rrix con nitrid al um num

oxi des ah% sg £HANd PRFERRLC O rs P desagipminup ogideran T—*Pﬁ‘?rUSOOI 11534
descri bes subkided e praferesd. a«kp?phcatmsmNe RIET/AIS00/111634 descabdsauitadat of Fig. 8,
the supportin ) rt h whi ch
light is em P’?&e&‘a ml’%()é%ﬁ%}gﬁ‘ In tfhﬁc{%%a eg%ﬁ@ é%‘e §u1>8 ?)tmé é‘?érﬁ?er

mat eri al . Fo(lOé)afrtheepodﬂ pargom(160), rthrdeghm’hichélghtlz(eﬁtlmdwm@%mﬂf f rom about

200- 500 nano A film
(2020 g o eLEteS iR SmHARE bariOPmaRUET. Y ckHFIESion MEINMRVNG o

adhesi ve2 Thﬂn@lﬁ’ﬁﬁﬁftﬁ@ eb@wegé% pgnqmesers MayyPediReh nH‘eoléWrﬂﬂ lftyﬁés oundari es

of the adj ag&gheﬁbmﬁlr(lmb a9 Heaedlsd {olid)ayerldPbarridresneddli(vedby byand t he
peri phery of 25 support elenents (102) (120) may be seal ed toget her,
by an adhesi 8€SV6r exanple, to conpletely surround the electrical contacts
(104) (114) and tfll‘hesxqipbﬂretemﬁ‘nts(dDE):(ﬂQ@)anay"waemﬂyamhdthtdioandzaies oPortions of

cignal ‘roce DA RPRERIIGP oy (T8 ol By, SUBESHPL L 110

(120). 25 support elements (102) (120) may be sealed together, by an a heswe for example,

to completely surround the electrical contacts (104) (114) and the pattern of
electroactive organic material. Portions of the electrical contacts (104) (114)
required for connection to drive or signal receiving circuitry may extend through
the support elements (102) (120).

30 If the organic electronic device need not be flexible, the support
element (102) may be glass, as is known in the art and described in U.S. Patent
No. 5,427,858 to Nahamura et al., U.S. Patent No. 5,482,896 to Tony and U.S.
Patent No. 5,073,446 to Scozza et al., for example.
The First Electrical Contact Layer

35 In this example, the substrate (100) is an anode portion of the organic
electronic device 200, through which light is emitted or received. The first
electrical contact layer (104) is, therefore, a transparent material. A conducting
mixed-metal oxide of Groups 2, 3 and 4, such as indium tin oxide, or a conducting
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30 If the organic electronic device need not be flexible, the support

el emrent (102) may be glass, as is known in the art and described in U S.

Pat ent NoO 059427, 858 to Nahanura et al., U S. Patent No.PETA8Ry®B¥G t o Tony
and U. S. Patent No. 5,073,446 to Scozza et al., for exanple. The First

El ectri cal Contact Laver [ln this anple,, the substrate. (,100). is an
anode porti oPPl¥mer, gac Wa@lhl@wéeﬂygﬁ?%}l@%@&im GHF 'uB'l("il"\’mi)ngh light is
emtted or r@ﬁaevqﬂo”)'l‘lg@réfbﬁed eI ectrical contact layer (104) is,
therefore, a tran I X|de of

G oups 2, 3 and 4§Ao’§edie tﬁga’il ech Slnﬁ%&@?mgg?éngﬁl@ﬁ .

02/ 070271 PCHirfs802f 08 bage elpoblytrfé®2) bybévaper gcpcx,samnl teqhaiques dlSCUSSCd

pol y(di oxythj °P8 m@o $E&ndhtigUBlthdts Iué%pmlédT 'Jpin s preferred.

M xed metal oOX as I.n umtln oxX1 de may be applie to one surface
of the base @Paélﬁérhaf(?‘l@g)g@ W ecoéfa%r deposition techni ques di scussed 5

above. Polyanili nghafgt %Hﬁ&al%ﬁﬁ%lhyéignd}(ﬂeyﬁméﬁlellims déﬁrﬁpmdred by spin
rst, el ectri

oy be a1 epristple.de BBCpiEtHeaREMaauehirod) ey S b Birp B S ot et

| ayer (104) fﬁimuli@elactﬁﬂedmes folr apdressingandividuapsixelf of themgttedngd2') Goke 1 i nes for
or gant o Not epeiorttss oty fat%‘aléfi ght E5ilaf The scebfigbiccdledl BEIECRC!| IO,
(114), di sculaye(1l4), diseussbdfusther 9Wamgball§@baa§@ilqsé)§ Pélfallplaﬁt%lPS el strips
formng el eC}"JrHi%?g élé{iﬁ&bﬁﬁ%@ brfcidBdr t theldh@ trBl @ GhésTehd fiRe8le@tichine first

electrical contatt form ng, %matrl as is known in the art.

e
In such an oﬁ@}ﬁ@ﬁtéayeé(]i)& QSHWE%IE\?FE‘@*{‘E own i, the,azt, tlg'chiira_pzor’garBF first
te|heC]E roacti Y@legﬁ&ﬁ@fl@wé@(o_@m #Me flaltdin 12) wﬁisdelbetrmﬁtzé mtgamd mdtérinl (mloect to
e |rs electrical cont a orre over | appi ng
portions %f P"i‘?l‘-’} hengsit ‘é’ﬂ ?étbéﬁ%’e‘gltégh Afi q?ec(% 83@5’8? ?1 l;%34) (114) in
the matrix, absespesd foxh&ovestappingtpoetions bf th'EH'ﬂrstfamdsecoaﬂalﬁtctrlcahd:or)(th act |ayer

(104) can be}?agﬁl(%%ﬁt(i?@telhﬁws’ﬂ p&r&ls gl?ﬂﬁ&&ngnlt%%éni n the desired pattern

by positioni hotores! s on the support el enent
(102) prior to apﬁhyﬁmgebhmcnlmoetapdlaym(leﬁ@anbﬁgpplmdé@tﬂrei%lﬂpo%ont act |ayer

(104). Alter gl%fﬂe}{@gg% infife Iiés'ir%& %l'p@ﬁ{lorﬁﬁg'ﬁ %ﬁﬁerh&yﬁﬁsl@o%blﬁ&)r@éi’w ied as

an overall subseq uent erned u3|n

phot or es?&t Oamf %Po%ﬁl@ﬁ’ie&%ﬂ %)trtrmrﬁ@appmgfher@%t %Plé)gtﬂi‘q ﬁ’é?glﬁ‘ﬁﬁf’act | ayer
typically haéorﬁaét'lla)fék Aﬁemauca‘ly,fth@mst 815ctﬁbﬂui)nﬁﬂﬂafe‘rgﬁh beapplied about
5, 000 Angstrons. i rst .el ct r 'r@@r cont {f‘ n 1%4 Yoré ScEI ude
ext ended por & %‘h%ve(r Eyers Seflge RaEped %I’ r na circuitry.
Qt her neans afid okt chgirtical etchmgnect i on, such as vi as, may aI so be provided.
Via openings can L Rek eRtrical contact layer typically has a thickness range of from

25  about 500 Angstroms to about 5,000 Angstroms.

The first electrical contact layer (114) may include extended portions (not

shown) to connect the device to external circuitry. Other means of circuitry

connection, such as vias, may also be provided. Via openings can either be

formed in each layer as the device is assembled, or formed by drilling through all
30 the layers after the device is assembled. The openings are then plated through

well-known techniques described in, for example, Sinnadurai, handbook of

Microelectronic Packaging and Interconnection Technologies (Electrochemical

Publications Ltd., 1985). If vias are used, the openings should be completely

sealed around the connecting wires to protect the active layer from exposure to the
35  external environment.

Charge Injection/Transport Layer

In a preferred embodiment where the first electroactive layer is a

photoactive organic material layer and the second electroactive layer is a charge
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formed in each |ayer as the device is assenbled, or fornmed by drilling
through all 30 the layers after the device is assenbl ed. The openings are
t hen pl atved o2/bmough wel | - known t echni ques descri bed in, PoOT/USKASDI4E,

Si nnadur ai, handbook of M croel ectroni c Packaging and |nterconnection
Technol ogi es_(El ectrochem cal  Publjcations, Ltd 1985 vj.as are used,

the openi ngsindgsEON/HaRPOrRIRFERal daxer. E@%?W%‘PEGH%“/FH@W%AW&K gwres to
g}ot ect | the ﬁ&ﬂitz}t%s él@dfﬁéalfch?@: q&ml btr(eleétﬁori (B‘ﬂlolé%ﬁalngpble)mmll/or@apl ronLren]'E

arge Injectio rt na rre t the first
el ectg r oacJt i vEafc oa%n@o ot%qg¥%gr§gp\9én ygr ﬂ'&? %‘?8&1 qﬁ%ye(laérl&g%\ag t he second
el ect roact i veodtay tayet €04).clidbothethe pﬁotmtﬁebfgﬁmz;mm@@l/(mdahqmge
i nj ection/trans r f | ayer

J £ a CI | i isen ggﬁ/t&aﬁr&o‘?{ﬂlﬁknhﬁ}'ﬁ are JoieLS1HE %fétpigqﬁiér(wé) SARSHSHE | ay

(15) rica transport on Or hol e transport)
and/ or gap tﬂamM(dg)aﬁlrtiﬂiéppﬁf@r@g%n badimentghawetting fitheshargger (13) and the

f t el ect n/ﬁﬁg 13)sBowld
mla'[ ZI’I :I e?lg&n &lng eéﬁggarpétgﬂﬁr(léﬂtgﬁelf%{r?& Oéggﬁﬁo%%c%éeﬁéﬁz\é 5 ggzgl goat ed

on the heat i figfirigyie ?%?C%tlf’c“ﬁés bwd i88 Heqtingytrangpo ferred
eHbOdlhm?nt ishiovigéd brinthe @hoddortibia (196) b}r'] ﬁ(])Ilﬁ'@hill@fal texc hutiq pesrand riad e][l al (15) to
t he photpactiv ani shou orma

cont Pnuo fP"i‘tfﬁquf a¥%3lgﬁ%§&é’?‘?ﬂﬁf"éc TEEhf I er?%%&”ﬁ &g&%‘n%f&&? é%‘f}

provi ded on thegainjataomtransport nded layer Cidnthe adhesian of dhewhiatgse s and the 10
patterned | ayfleibhfrahs frtm@hm@w%@ﬁ%cavmg% HhatbrdafX19)mish 8T er 1 ed

to the charg I'nj ec O/ T T ahsport

glzﬂ he "adhe n of the
charge i nj estréngay thﬂaﬁ?m@h@ﬁ%@@hp @hOt()&‘Ebvetoégatanemb‘ﬁB 8} tothe B’F&iﬁ?
material ( 13iheme§ﬁn§ﬁyers(t1 68 assbaatadtraeasadmﬁs QA7) b1 thb@orr@lep@sit | ve

organic nateria he metal of the heating |layer (16) (and
associ at & r@loéase nmeans (17)) of the donor elenent 15 (10). Exanpl es of
hol e tranSport naEe#rhples of lnule traysport eateridbefon laamiave been, sufmmarized,dopl e, in

Kirk-Q hmer Encycl a 0 5 Vol .
p. 837-860, 1 lﬁ Bﬁrwwe%H&%qdéa?ranesrfﬁg%it{reﬁ% EQ{,}Q& Eﬂm ™ pol yrrers
can be used. Vbﬂl&;qxﬁﬁiﬂwﬂ 1I9%4] bipd. éﬁmar&pbhoﬁn@nmr@ng:mlﬁcakean

N, N - di pheny l%délf Ay (u§ Jret hyl phenyl)-[1,1" - bi phenyl ]-4,4" -diam ne (TPD),
1, 1-bi s[ di - 4- ? m no phenyl ] cycl ohexane, ( ' ,
N N bi s 01 met hyl Qnmwn}y Niem holsj mporép&m%é rn;e N -diphenyl-N,N'-

) I( 3h3 f' ety ]1 - KipHerry LA digninE TPED 1T1ebrs Wi-8- (3-
e s BB T RIS 2o on
(DEH), " Tri phemyl emm[w%os'-dmﬁﬂ)b@hemm4e4 Iijersine (BYPD2), Tetrhisiheny| | ( 4-
met hyl pheny! }nnﬁlylﬁlenyl() NeMReNs BN herRalaRadip Y b¥ReRRERNY ] - 5- [ p-
25  diphenylaminostyrene (TPS), p-(Diethylamino)benzaldehyde diphenylhydrazone
(DEH), Triphenylamine (TPA), Bis[4-(N,N-diethylamino)-2-methylphenyl}(4-
methylphenyl)methane (MPMP), 1-Phenyl-3-[p-(diethylamino)styryl]-5-[p-
(diethylamino)phenyl] pyrazoline (PPR or DEASP), 1,2-Trans-bis(9H-carbazol-9-
yl)cyclobutane (DCZB), N,N,N',N'-tetrakis(4-methylphenyl)-(1,1'-biphenyl)-4,4'-
30  diamine (TTB), and porphyrinic compounds, such as copper phthalocyanine.

Commonly used hole transporting polymers are polyvinylcarbazole,
(phenylmethyl)polysilane, polyaniline, poly(dioxythiophene) (preferably,
poly(3,4-ethylenedioxythiophene) “PEDOT”), and doped forms thereof. It is also
possible to obtain hole transporting polymers by doping hole transporting

35 molecules, such as those mentioned above into polymers such as polystyrene and
polycarbonate.

Examples of electron transport materials for the charge injection layer
(106) include metal chelated oxinoid compounds, such as Alq3; phenanthroline-
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(di et hyl am no) phenyl ] pyrazoline (PPR or DEASP),

1, 2-Trans-bi s(9H car bazol -9- yl)cycl obut ane (DCZB),

N, N, N , Nwo eromkiis( 4- met hyl phenyl )- (1, 1' - bi phenyl ) -4, 4" 3BcTuUsseses4 TTB) ,
and porphyrinic conpounds, such as copper phthal ocyanine. Comonly used

hol e transpoyti ol rs are.pol.vvjnyl car.bazol e, .

(phenyl net hy£3$ag9‘gp?‘§ﬁé€z suﬁ@@%ﬁl“i‘%ﬁﬁ‘?’ Xﬁgr‘{’%ﬂmnng@thTp%ﬂaéﬁlgfh?epr eferably,

pf)l y(3, 4-et Blympmyibmw;dnbmmeneo)-phamaune §DPA)|apédzdlocompoundseath 1t is
al so possible obt ai.n e ting. t g hol e
transport i nga%%t(?fmp@?ﬁf‘%‘%%g 4&3##‘:21@%51‘;5‘%6%9?%%@5?%%%52/%9?%?‘% pol yners such
as pol yst yr ehiphemdyl) gepheogl béhubutylphrayipll &s-tiazeledEAZdn The ghsgfor t * materi al s
for the cqar ficdtigh Bk 21766?) cAdOkh toaLdRe BREBIn GARb 86d@%h ARH
conmpounds, su f as ‘h(% ; enant hroline- 17 WO 02/ 07027 / US02/ 08164
based conpoufi¥e asybyfierdayer or eenfwement layer to prsyemyAueachirg B SXPS i ne
(DDPA) or 4, fayei inhefkés. Prdflrabig b 1dye Opronids @RRYron andility ahéredaogsounds such
as 2-(4-bi phenyl \élrﬁlz'z‘ 5- §4-t- butyl phenyl) -1, 3, 4- oxadi azol e (PBD) and 3-(4-

bi phenyl yl )-9,’-‘%7? fuadings ¢ putyl phenyl )- 1,2, 4-triazol e (TAZ). The charge 5
inj ection |ayer (RO§initianaidithe PERODotal bt spihaoated batoghefist eleotmicalr ansport

and can o) erye buffer | ayer or confinenent |ayer to prevent
guenchi ngtl’ of c?%%“é%?’(??flcﬂ)'at | ayer interfaces. Preferabl éd this |ayer

promot es el ect r onThotii¢kness ofithe ehatgeciaiectienleyeronaybrhant o0 tomboyani [ i ne and

t he PEDOT ma ' : Ccal 10 oot |
(104) The t 26 ATRLRo RS HAErN LOOMS Z00CAnGHERET | 2 contact | ayer

ic S .the charge injéction |ayer may be about 100 to

about 5, 000 Angsﬂl@.eﬁ,"ﬂé@g@&mooo to 2,000 Angstroms. Photoactive
IOrgam c Mat i[s i alh Iha ﬁe;ﬁd‘rﬁﬁ%ﬂt@dixﬂéﬁb&dﬂe@h? ﬁlvﬂnereetrbzim'vé layst isal ect r oacti ve

ayer is otoactive organi.c nateria yer . .and. co

el ect roa}:{Jl i vBhetggative ioégaglcclﬁ?fgﬂé lamjagcihegﬁyqn?zfﬁ s P&“}rerg%éer%?saq a%’zﬁ%}m’er , the
pﬁrt i cul ar phygeapattianeport mateiial laydrethe phrtioflar pivgogssive erganiciratyril@fends on
the type of e | | i . ioh t 109 devi ces,
such as a Ii% tpag‘#‘?{‘il?ﬁg}f‘&“ g%%&eqﬁyfﬁﬁgf%égﬁ%gllgglrncgg?ﬂg?gr?g?'e%{iqaI s a
light emitti photoemisiingdevionss suck age liphtandttingdisplay the Riiotosetivgnneamia 20
vol tage. | n phetOsRNSlidt ¥RitlRY atSial HER a8valedbph QEBBRHACATpYiEd O
photovoltaic cell, the electroactive organic materj.al i | ayer of

mat er i al 29 haivoltagep dn gRotpgensitiyg ﬂaweese%ﬁgga hﬂtoﬁ%‘?fg’r“awee%r pj"’?‘?"@ﬁé‘lc with or
V\A%tEQUt gn. al@élﬂ,itlﬁéielbétﬁ@cﬁ@ d'mg@g'c niMaQistd’ie?rarog?mﬁt@iaeﬂmcwspmﬁds taevi ce (200)
o] i g. is _a.photoem ttin evi.ce, t.he |i. semtting. j.al may be
any organic é?dé&t ngrgyriaﬁcigg%ﬁa(tesoq Sl%?aﬂ&lﬁl‘ Ofémgir%ég%p}hfgﬁ{agg%ﬁ%er ng g
materials. Anthradéres theapgeniatlectmniphonm(200)eddig. Byis ambotoemitiingne,
perylene, butadt eSS % hiffhe natérial M By RHAX S8&roMHinescent or other

25  organic light-emitting materials. Anthracene, naphthalene, phenanthrene, pyrene,
chysene, perylene, butadienes such as 1, 4- diphenylbutadiene and

tetraphenylbutadiene, coumarin derivatives, acridine and stilbenes such as
transtilbene, may be used, for example, as described in U.S. Patent No. 4,356,429
to Tang and U.S. Patent No. 4,539,507 to Van Slyke et al. Metal chelated oxinoid

30  compounds, such as AlQ3, can be used, as described in, for example, U.S. Patent
No. 5,047,687 to Van Slyke.

Alternatively, semiconductive conjugated polymer materials may be used,
such as those described in U.S. Patent No. 5,247,190 to Friend et al., U.S. Patent
No. 5,408,109 to Heeger et al. and U.S. Patent No. 5,317,169 to Nakano et al.

35  Examples of such polymers include poly(p-phenylenevinylene) referred to as PPV
and poly (2,7-(9,9-dialkylfluorene)). PPV is preferred because its lifetime
exceeds that of polyfluorenes. Mixtures of electroactive materials, such as
mixtures of light emitting polymers, may also be used.
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t et raphenyl but adi ene, coumarin derivatives, acridine and stil benes such as
transtil bene, nmay be used, for exanple, as described in U S Patent No.

4, 356, 42Woopo7bang and U.S. Patent No. 4,539,507 to Van SpPgkesetosads. Meta
chel at ed oxi noid 30 conpounds such as A1, can be used, as described in,

for exanple, U. S._Patent 5,047, 687. t ly,

seni conduct i ve comfhsgaihesl eﬁBPQ}FrﬁFgaHﬁ:t ?'Icﬁ?%a{ﬁﬁ§§%§d§%§il tggeg tfn\gg %lhose

gez 8 g i ?88 It Nd&ide oﬂ%‘ﬁlﬁl‘dvoll{alc call X4d ﬁ]}:@@oetcavé:mgamd nedterddl maylhe@n oPganétit  No.
o] e t al.

35 Exanpl es B¥@ §%‘E Irflﬁ?g?@sntgﬁ%qlgg g?%d%@q?g?esﬁaé%%ﬂa?g }ﬁene rg?efreg to

as PPV and pnﬂlgmt(aZbﬂse(lg'ollagh al‘I'IktymlBthmE()I) topmi/yamtspnpqggfagd aerapalause its

lifetime g exgp%gl rertﬂg]ta % ap%tMédt‘é%%@@§oltel![e>(§déh%§ iPfheRhQCHfcRAkihI Ve

materials, such as res o

18 WO 02/ 070phatormruciysels oxphot ¥ celi®) iagl B‘gﬂ( ﬁgﬁ‘? gle &ﬁ&ﬂa’gmg}@i?cge( 588?

of Fig. 8 iIsrachoqightifidGbichy F&QY&‘(@@ siphala udhlightodensitive clednlucan;he
el ectroacti ve or‘ge ni c .nat erli an or ani ¢ %, rial %e responds

to radi ant ef@FYYF BAGT ?J‘Fé‘?:ﬁ.ll sfoée El aé’iyt Bpggied golymersguy a bi ased
vol t age. Mat aid pﬁcﬁoﬂhﬁhef&ﬁmmdnals B petii e xaempdesgyclade) bat aemaplamlted 5 of

generati I ;

certain ﬂghgf EWL})&W t/ (geﬁoﬁgl%} &%8%%%4@1\/%@?@0&3&&% EI;ydllérrl}(s:f Eﬁeﬁﬁat erials
that chem caPa}gfoazrmEicA % Hebgfghloumai of Recepyic déaternials Vel 33.gwA25-%Bdch

| ght-sensi tg@ ngr ; an@{'ppv CEAPhEIS mt@fmp@l\ﬁ( ERGdisdehbRidicmeamBhe, many

co ted tro- d, I
exanples | nelitpenting PaSSE Networke 116 M. 1o Rieh SpFy bR QRO er rmde
f;og setm conm%gf NG]. glqby}s%r@g,so@ 1999). K Pakbaz and A. J. Heeger, Journal
o] ec ni c rials 9 d PPV
Conposit e with CNFEPif ‘(‘a@f%sé}?agﬁ?slf)’&h%%cfa teélg oal’?m21 af%?na&a%fgﬁzt rating
5(7)I6y mer Nitgg@éﬂ@atmg\]a signal Miithtebidsed ebltade. (s¢oboastin thtgasgofphojoconductive Vol .
di
Pp- Fé? g%&g? gl)StO{SlihgogI?ig(lfh% gﬁlgﬁ)gﬂaﬁélﬁpttso\ﬁﬁ%Bﬁﬁgs?ase dﬁvf‘o‘? I ant

energy and a ol tage (such
as in the caseample,phm}bmmaa@dlp@é’m@%M@CICMWH@SQCQI watgrialg I%t‘@ﬂs%tgc hes,

phot ot r ansi S%%Flérgt I&%ﬁ%ﬁ% HR&SalL Is0 ék%llexfeﬁé (c6€5)< agpye, et@ﬁ%h@ﬂ:%uﬂat ed

pol ymars and e nescent naferials e trappin
mat er i al 20 sueelisandmbplodetepiory ads) Wlﬂ@e““ﬂﬁon‘gﬁt"éﬂ’(’ly“}ﬂ%t@%P?%ggreﬁ) (F:) gl I g and
phot odet ect OIConfERélRe 3039 FIRmnicaW et Sun Jpsd, YOrer kin. R283000r ogr ess”

A oL LN
of pixels. Bgerigsiofpixels. §3y’(’é;nml” tshreeantrthielsomilest dddressablsl of tlcefelcment@If enent of a
di splay. In g&gfﬁgl Xeﬁ@co\fﬁa&lge WG tl?é@‘esecﬁ oP{heIptf'@sthr 1E§§fﬁton' zﬂ?@dgfé ge at |east

about 25 10, S per square ntinmete transferred to the
anode suB8t r 40800 pixels per square centimeter may be transferred to the anode substrate

(100). Each pixel may be square and have a length and width of less than about
100 microns. Using lasers having an imaging beam with a 5 micron diameter, it is
possible to image pixels with a 5 micron length and width, and any multiple of
that. Pixels may be readily formed by the present invention with a length and

30  width of about 50 microns. As shown in Example I below, we have successfully
patterned and transferred lines and spaces as small as 30 microns, which in turn
demonstrates that it is possible to pattern pixels of 30 microns x 30 microns. It is
believed that pixels as small as 10 microns x 10 microns may be patterned and
transferred by the process of the present invention.

35 The photoactive organic material layer generally has a thickness in the
range of 100-5000 Angstroms. Preferably, the thickness of the photoactive
organic material layer is about 500 to about 2,000 Angstroms.
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(100). Each pixel may be square and have a length and wi dth of |ess than
about 100 mcrons. Using | asers having an inmaging beamwith a 5 mcron

di anet er wo02/0®271possi bl e to i mage pixels with a 5 m cronpCergt2nsasad w dt h,
and any nultiple of that. Pixels nay be readily fornmed by the present

I nvention wiEh a Iﬁngt,h End 30, wi dth of about 50 microns. As shown in
Exanpl e | be ,nd < lly patterned and transferred |ines and
SpaC_egl as smal | a’$‘h§§bcﬂh§>él@&]§m%1\6d0h&bt fayert(ut4) ofd&rmrlﬁﬁegbﬁﬁ)nt(ﬂmj) is t isd )
possible to patt . i Q [ eved t hat
pi xel s as sngll’l?l egggﬁg Iﬁﬁ%ﬁﬁr@“%mfgk ﬁ\opt?%g?t%aec%% tlng?) fegrs ne gten%?llg)
transferred bythahthepatteras$2'pis betveeep thssfingt elccrmeﬂtcontact lg@r tHi) phédthsact i ve
organic ngategé ?th%FE{calqﬁg&rcﬂia%{n@S a thickness in the range of 100-5000

Angst r oms. Pret er a of t he phot oacti ve an| c material

| ayer is about 508h Wca%al@ctﬂcelmnmﬁ Y@r&ﬂﬁs‘*)omemﬂwﬂmmm 150 rAYS02/ 08164
S]gac ?Rd El fﬁt gé m?ﬁl‘&%nnﬂe’%é’lf}favfﬁg% lﬁﬁéxgw&k%&ﬁiohltﬁdi thé Gt @%‘e%:tric@b’f(?; 2( )114]2

(6] e catl hode OI’IOI’] I e acen el n 0
the first el EXHS é%%er(/lé)(“iPgé'ﬁlaBO%f‘ﬁL%?f@iéﬁm’s@Obha‘}"h Yeﬁgﬁrfg fP%8rn (12') is
bet ween t he fdcoad elkebeichlrdontict agertcaatbelselyeted {rofvilkail chetdieof Grapdond

of The. o nobe ok CEBARY Giatp 2 catbife SERIMEAL R hhBaceliafe [ aver (009)

of the ¢ aving a | ower
wor k functi oacttm@s Miggeriidls sucheis gbminem) indision calstum, Hpawm( meghespim ank anode
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applied to tlmciss apdipattemned HQC()nvmhtmiadatBbhmqudsL usedescx@mmboverwuthrresplectby a
physi cal vapor S

t echni ques, gosthgggéére?eg‘gr?cgb%@)é&? F‘i’% 6 %gﬂie S%é&ﬁ(tj%g@&fl&? Qiﬁﬁgﬁ% %%?I lclgl) cont act
| ayer (104). nbydepetiendd af @sarics ofparaldel stips perppadicylanto)the parpllgdstrinstoafer ned as
a series of Bﬁr ggﬁéctﬁédjlc?ﬁaaqq%ndl cular to the parallel strips of the

first electrical cont The second el.ectrical_ contact Iayer (104)
typical |¥0has a tAhersresd exeﬁtqcp,leconpaﬁhlggerc(w@dmplga boeps Adhigknessin the ¢ he

ciat h?de I |S baerﬂg%fsoo-ss@bo |Aufgbtr(§xh§ Ifhljh@é@ﬂﬁﬁi@ is lbaumb@;ufakﬁﬁ}nmsmemhés? hS'l[JC[]h

el ectrical contac ers ar ca al.u C a e
overal | thic %4 %ﬁ%m&%ﬁ ﬁ&cjﬁQiegtchl?/cton§%f§x«=gr§¥{ﬁtyp1§ . nbﬁg gstroms. |f
the cat hode amnyhm;:mch thao thead verallrthitknese of thppathgdé &ye theddngesofneeded and the
thickness of sh§8)85h RAb&rdnd IF telciflolie is¥rterbilill or 2 AAA n PPl er

25 is needed and the thickness of the single layer itself is in the 500-5000 Angstrom
range.

The support element (120) may be attached to the second electrical contact
layer (114) by adhesive.
As discussed above with respect to the first electrical contact layer (104),
30 the second contact layer (114) may also include extended portions or vias (not
shown) for connection to external circuitry.
Multi-Step Transfer Processes
As mentioned above, the process of the present invention may be repeated
multiple times with different donor elements to apply patterns of different
35 electroactive organic materials or electroactive material adjacent to each other on
the same layer of the substrate. Patterns of different electroactive organic
materials may be applied to the same layer in registry, as is known in the art. Ina
light emitting display, different organic electroluminescent materials which emit
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range. The support element (120) may be attached to the second el ectrical
contact layer (114) by adhesive. As discussed above with respect to the
first el avoo2/emk7icontact | ayer (104), 30 the second contRCcT/UR@ymsI64( 114)
may al so include extended portions or vias (not shown) for connection to

external cirguitry, Milti-Step sfer, Proce ntio ed e, t he
process of t Hehtst ééf@ﬁ%m|W@ﬁ9gt8;gaﬂ‘gsya?f{ah@éﬁééaggere%ﬁpge [ MYt er‘?‘@B

di fferent doggbcﬁioagremespbmlﬁg)w diffegent evenlapsihg goftioas efithe $ﬁstahésedondct ive
cane | ayer oFterrieonGer By ES TR B b SHR + AR SRR R HB o
material s majn UeS. Rpehi N, 3,877,685 todimbes, &y ek, dactrobyiisescont naaserials kavewn in t he
art. In I t cent
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el ectr ol um neagaipcolars. ePolghﬁrskmauﬁ; liheof diéfernogasiors\ads awllallebdbiﬁim'nt the col ors
green, n u ol ymer

pol y- p- pﬁé: yﬁé’ﬁ@nﬁfﬁwl‘éﬁgm o g’?ﬁ?’%%ﬂﬂ?@%a ye b@vg}érr?aglﬁ | i ght when

energi zed whil e varmaltit®lafdifiay eving Idempixst deasigd savllpiiebpizofind bigh and bl ue

light. Hydroxyauj el {ggmg ﬁam%%ﬂgﬁ&gﬂ%mﬂﬁc@r&ﬁcs With thd gﬂ&egs& oftRE Yi ng

colors. Polyners em rent colors are available from 10
Covi on Organpt,esgérklil\@@ﬁ%ct ors GrbH (Frankfurt, Germany). A nulti-col or
di spl ay havi ng high pixel density, MMPQEgeI size and high em ssion

efficien canth ebyb made in r dan th the prqces of the
present ﬁvent i on @@tmﬁgxaﬂlﬁg% %‘?PSF?%\%Q Qfﬁceéﬁeirﬁﬂgé’éocﬁlgﬁonst rate the
processes andlaphedlamct descrilediherin.and descri bed herein. Exanple |I A surface
of a donor eberreni }corrpri sing an 8 inch x 4 inch (20.32 cmx 10.16 cm, 4

m | (0.00635 i ck base el ement of polyester was coated with 20 an 80
Angstrom heat i ng Aaspefaco6f mdmoeblemma@nmpmng anBinch Adsinels €062 amy XVacuum

Deposi t 1 Ncot pqiad mbohishd hfm ¥ bERRIGAGH Bfp agésem%re%afedmcleaned

by soaki ng he coa In a tray of etone for from 30
seconds £& oAe mstéoraheatmgéﬁyqr|0ﬁ§10h§l ‘taﬁédlb‘&% 0% teamsmissigty an acet one

spray bott| evaliin DRpbafineaHeraéd MBhkviesKyhen pl aced in

The coated base element was cleaned by soaking the coated base element
in a tray of acetone for from 30 seconds to one minute and then rinsing the base
element with an acetone spray bottle. The coated base element was then placed in

25  atray of water, wiped and placed again in a tray of water for transport to a clean
area laboratory for dry cleaning.

The metal coated base element was blow dried with nitrogen and then
positioned in the center of a plasma chamber. The chamber was evacuated and
then oxygen was provided in the chamber, to 0.5 Torr. An oxygen plasma was

30  generated through use of a radio-frequency source operated at 80 watts. The
metal coated base element was subjected to the oxygen plasma for 90 seconds, to
lower the adhesion between the metal coating and electroactive organic material.

A layer of electroactive organic material was then applied to the surface of
the metal coated donor element by hand coating a solution of 1.5 milliliters of

35  0.5% poly(9,9-dialkylfluorene-2,7-diyl) in 0.5 % toluene using a size 0 Meyer rod
and air dried for 5 minutes, completing the donor element. Poly(9,9-
dialkylfluorene-2,7-diyl) is a light emitting polymer. The layer of light emitting
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25 a tray of water, w ped and placed again in a tray of water for transport
to a clean area |aboratory for dry cleaning. The netal coated base el enent
was bl owwdo bza7oedit h nitrogen and then positioned in the penuse2/@icsa pl asm
chanber. The chanber was evacuated and then oxygen was provided in the
chanber, to 5 Torr n pl asma. was, 30 nerated 1hro se of a
radi o- freque%%%bﬂ%@%zﬁéggﬂ‘g%fo Wt‘%gluﬁ% 0 ctngrelf,e ég’veg se el enent
was subj ect egrepsrelihe oxygen pI asma for 90 seconds, to |ower the adhesion

e e e o ATRRA T B NS b ARSI B GRLLR i | Ve o

met al coat edemdiiting pellymeeweretptaded il canbact m@ 4aln91@)XJtan1h(1@f16lcn5Xm lliliters of
35 0. 5% &Ol Y{ P78 ')gbf% de&'i@'ﬂeregeﬂeréj'me)ddnﬁr Qleéner(%regelb'&'&séﬁ%lﬁg a size 0
Meyer and alr g

m nut es conp eting the ono | ement

Pol y( 9 9- di weteytrped e nd0 X 4P.igel{7p.2 an x 10 Srom)alminump ﬁ‘GPWé}Wasrhe | ayer
Xf | It ght e P“hﬁﬁtbiﬂgtlgal \M&a/o%og@meqmwl%aétﬁﬁﬂeéendmtey Bﬁ[ﬁos\d&&uﬂbotﬂ 7,000

ngstrons thic ural i r ele r er
dryi ng, the %Yﬂ‘klﬁgéégm’&lcr‘?%églt%nw IPBABNES @B?ﬂa sf‘ﬁld?ﬁra f?s’e%@e emitting
po: ymer welr eTh¢ amedompnsbeahaeg om toing drimedithoa 1 émpbrifié@r. 18 Omwatt 5 17. 78 cm)
pol y- cap ac ej_ver i lies were
taped on (8 an%@rgg(if &f fﬁ%% f“?‘é‘*@‘sgﬁqﬁm%@@%ﬁgﬂt rv‘l;.l‘;’rgﬁ‘)énﬁr%l gttg gﬂ%vvhl ch was
aut omat i cal | radiatiadduto@ntacrap ot RH> B2lappisp.cTx 2 mHrpnspels cat 83 nangsaeieise uni t

avail abl e frm%&oﬁébﬁ@éulsé%th Vancouver, Canada, for a standard of fset
plate. The unit conprises an 81.2 cm.|on ﬁ W t 91 cm erirreter. A
40 watt 10 infrar&he @ﬁS%E11¢Sa§§"erP expased 3’60‘?‘ &pe ?Ft?rﬁ%aé‘h@lﬁmﬁml &ht val ve,
whi tch spli t8 ggé&m coaplichg 9Bericdlof parallél] 3@mi@bn R&bcallBis am)sp’ages Shich2 ni cron
spots, a

bl
were exp edwlag?gggaﬁew? t?z%ﬁ%ﬁlﬁe’%’;g@e‘g&%ﬁ@%sﬁrﬁoga 6&? ts%r}ers‘ o? i i s: (ra]; a

Gr om spoeds varyi A Peiish Botth0rs e afpRRATsg kish vB %@”&88“916386' e o
ml/ cnR) . Thelightsimidtingpedymaerrsepdraigd b B0 aricron spageawas obsegredarcthe oyt t i cal

lines of theg ]ﬁlﬂegﬁtun%i‘&&id?&sceﬁé HPOK SeRgéméd by 30 micron spaces was
observed on t onor el ements under a microscope at 50X enlargement. 20

Exanpl e }¢ | Example IEvanpl e, patterned el ectyroactive materials were applied
to an anode port Ilpﬂhlstxas'mﬂld: treraed elﬁ%ti@adﬁ@phaynal?mwme@twmdonor

el enent i ncl udi I n b | t 2
heati ng |ayeim<5£%&%éqﬁ$&1h@égwfg §§P pol yest er ase elenment and a

'8¥%d ni ckel was obt ai ned
To prepare a donor element including a 2 mil. (0.00325 mm) polyester

base element and a heating layer of electron beam deposited nickel was obtained

25  from Vacuum Deposit Incorporated. The nickel was deposited to 35%
transmission. The coated base element was cleaned using the sequential acetone,
methanol and water rinse, dried with ionized nitrogen and oxygen plasma treated
for 90 seconds, as described in Example I. The light-emitting polymer of
Example I was then applied as described in Example I to complete the donor

30 element. The donor element was placed in contact with a poly-caprolactone
receiver and the assembly was then exposed by a CREO 3244 Trensetter, as
described in Example I, to form a patterned layer of light-emitting polymer on the
donor element.

The substrate comprised a 2 inch x 2 inch (5.08 cm x 5.08 cm) polyester

35 base element 7 mils. (0.036285 mm) thick and an electrical contact layer of
indium tin oxide applied to the base element by sputtering. The coated substrate
was obtained from Southwall Technologies, Inc., Palo Alto, CA, under the trade
name Altair™ 0-60-HS. The layer of indium tin oxide was 7 mils.
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25 from Vacuum Deposit I ncorporated. The nickel was deposited to 35%
transm ssion. The coated base el enent was cl eaned using the sequenti al
acet one, woer/bmenl and water rinse, dried with ionized niPeDysoR/@Net oXygen
plasma treated for 90 seconds, as described in Exanple |I. The

light-emtting. p mer. of ampl e | t hen | J: ed described in
Exampl e 1to @g(?%é%{mﬂgwéoﬁﬁ? @5%51%%&]?}11%%%% e evé’?serent was placed in
contact w t he@olplsyjuaz@pmol act one. receiver and the assenbly was then
exposed by a CREQ-.3244 Tr . : ' ' Heepl, to forma
patterned | ayer o hel Iinﬁﬁf@lgo%ﬁﬁ% %l%&ggeplgﬁ §nrr§fﬁg§# ‘?ﬁ%ﬂsg%géft el erfeant. The

substrate cosguticnesf palyA3 Arethylsnedigxythionhsnod RIAPQTE) awl polystgeng ester 35
base el engnt soiﬁtmdaggﬁ@a%@?&f’wm 1Stk okid eosterbal 396 by veahtGaatlase | ayer of

indiumtin oxi de to the base el ement by sputtering. . Th at ed
substrate wiemddayar deyerkussn, §6E¥f1?ﬂ3{§'l lﬁaﬁrgy% 01S@glioggfn1?°ﬂ89?na|§9ﬂa§ iﬁ o, CA
under the t rBg@ron®Pevalintiaéd With Q-dtedSolutibe of polestrent sulfictiicatidi n oxi de was 7
mls. 22 WO 70271 .PCT/ USO2/ 08164 ..(0. | &k resistivity
of the indi u&%tsgﬁ‘ g%yd%l%gﬁ’g'@né’ }rﬁ’gsd)&g?'e&g@fg%ﬁ{gprfra egjroiﬁgwno t he charge

i nj ection | apepared bpmising BayamoBaytjon® P,83.2 gramstASSA (G0% water) and

pol y(3, 4;eth i | ophene) (" PEDOT") and pol ystyrene 5 sol ution
("PSS") }(ﬁ V\%é'ggw&gﬂ't otal solid content of 1,3% by wejght,. avail able

from Bayer (Lever Kusehargaiajostion/iransparsmaseifal yapapplied aygf beiekeciical on
material . Théont%étlyatg@fu?ﬁi&lhiu% ¥R Sxjak B dillMel Isydinge WitheXmfinlitets smhef pol ystrene
sul fonic acid "PSSA'). to vy eId1 a solution o éﬁ{é)sollq‘%. 87'0tglt rans of

t he sol uti onseigion %ﬂé’f?i\‘?’%‘ﬁ’gﬁeﬁ‘i’ﬂl%t%%s%‘i copter gropghp O mpcrop egr ans PSSA
(30% walt er) Fpd sc?l@tic%ﬁw&@sp@haﬂ&e\l@trﬁdoate}'bmﬂﬂbm forgGessconds! Thanspor t

materi a S Il ed qver t el.ectrica . f_. b fychi tin oxide
by filli h%/aaS@{/)sﬁ?tﬁd@S\ﬁ’?lﬂvegqﬁ?mlﬂﬁ ﬁpfré?osak%?ﬁ ?ﬁ}égfé%%ﬁgﬁ}%t%gﬁg%e Tvering the
sol uti on to 60 s@onds CEtesesultimchpngeainjection layenfim wag 1@)0. Angpirems ¢higki on was
spun in the spin coater at 2000 RPM for 90 seconds. The 15 substrate was
renoved fromthe spin coater and dried on a _hot plate at 100C for 60

seconds. The resull ¢n@m@rlg@rioﬁ}i%&%ﬁlﬂgwwm@iqn@%@qGWGAF@@%rom;

thi C{<- T]be &alfééff‘rféatqﬁ th@Mf‘alih gé)ifnjeui&hrayarﬁyltlbinmigﬁ.l Yﬁﬁﬂarﬁﬁx_ati&e“_di_ﬁﬂ@de el ement
was transferred to the _char I nj ection’layer nat i.on. i

| ani nat i ¢h wh¥ usigghe rQH"‘B&W]ggYaﬁ f"-}"?g§ i&mma%l =$r8‘¥’l 6%&?1&5’?@??’ [El?:i)m nat or ,
from DuPont @WH rsllegtofithe IRinatorBadrb setat 1 25°€ anfl atrbeatibasperdtofiOder e set at
125C and a rot afﬁiﬁé}sspeed of 100 mm mnute. Parallel strips of Iight

emtting pol ing a wdth of 30 microns and a thickness of 1,000
Angstroms with a Bpabelsgripsfof3ightémittingspolweerdhayings wisith 0630 microns and

a thickness of 1,000 Angstroms with a spacing of 30 microns, were observed to
25  have been transferred to the charge injection layer, under a microscope at an
enlargement of 50X, creating an anode for a light emitting display.

A cathode may be deposited on the anode substrate to complete the light
emitting display, as described in the next Example.

Example III
30 In this example, a patterned light emitting display was formed.

The donor element comprised a 1 mil. (0.0254 mm) polyester base
element. A heating layer of nickel was electron beam deposited onto the base
element to 35% transmission by Vacuum Deposit Incorporated to form the
heating layer. The base element and heating layer were cleaned, dried and oxygen

35  plasma treated, as described above in Example I. The light emitting polymer of
Example I was applied to the nickel layer. This element was placed in contact
with a poly-caprolactone receiver, and exposed by a CREO 3244 Trendsetter, also
as described in Example I. The exposure left a desired pattern on the donor
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25 have been transferred to the charge injection |ayer, under a m croscope
at an enl argenent of 50X, creating an anode for a light emtting display. A
cat hode a9 oberodHposited on the anode substrate to conpl epeTwke@/dsight
emtting display, as described in the next Exanple. Exanple Ill1 30 In this

exanple, a patterned |jght enittin i spl ay was .forned. The.daonar el enent
conpri sed a %eWFPt.CO(TEPr@ SeHyS ?Jéﬁagaég‘h [ﬁ%aﬁ‘é‘él St&P%ﬁr@ﬁ‘t@mﬁ? ﬁéci(tl | ayer of
ni ckel was eB(ﬁﬁ'ﬁderﬂ spreasibelepasihemgextanding fremizelarger edctamgnlar Sacti%%l )
transm ssi on by Vacuum .Depgosi t C : g | ayer. The
base el enent and ﬁgea?’r}or‘?f; ppglfélrdmlﬂ%r(ggﬂg?}é%gg)f&gg F)ggﬁgt{r(\%ﬁ 8&5%‘2’% @15 pl asma
treated, as odderdesaibedw¥samnpleEk anol aepalyesensubstigies tosformitherspol ymer of

Exanpl e 15 wa e@tﬁg%licéﬂtaﬁﬂa%}.e T'E'b%iﬁﬁ'?ee (i: Y&ion 1dyak Va8 bRPERH usmg xaceced in

contact with a - caprol actone I ver, ‘and exposed bté) a. CREQ 3244

Trendset t er , O80doa deelenmental igsganicbasgd pepductive pajyantinsaiolptionobfained gegj r eqd
pattern ]9” tﬁSnﬂﬁBﬁé’anﬁfCM@palﬁg'/, Qt?(?@&lﬁraﬂgfﬁ’ebmd QBUJESF‘;.Pa&hBNtEm,g@m@.i sing a
series of p ect angul ar _strijps m Gron i Wi m cron
spaces bet \Aeagi&{)ml %%%ﬂﬂ?%%l?’&f?fya“ig? &'éﬁ%’ l’%gepsshdgiggrmsg’clfu?gn. The
anode porti oGeldsolve® (shihighl ia@-butoxybthamd)] abg 46 4untt ¥ ¢camguétivgi pelyanilime oxi de,
described,in L] . . { t m,the first 5
el ectri cglq cgﬁﬁﬁaﬁ‘gﬁ@rtgg%@ug%gef Meﬁ%ﬁl%c‘?#%%ﬁﬁs’%gpmvééﬁ lﬁ{ue ared using

XI CP- 0801, polyenibhobasevtith dinenydnrphthelese gulianiciecd (D@NM)ygw i ne sol ution

obtained fr ¥l TRBRAYmM rAESEVIREuKed, WISThBat ent  No.
5, 863, 465. )@(Igié%@%mgg\é%g%nwseﬂgrg%gmtﬁgséﬂ% 16 GVI\\/t}I % )?yl en)gs, 12.62 wt.

% butyl  Cel KY\6Bg ey also b LRWYY: and 41.4 wt. %

gon_ducfji ve pol yﬁg;qlz:.dSKBwiL@A)l@&lAﬁﬂ)ﬁ of PANI/BINNS A én thixéhaad) ;ilelwappx’ellya&ad by nlef was
erive om _conbi DO | e onyl n - sul fonic

acid ( A) %nl’éaw%a&fan&‘ﬁﬁ@%ﬁ‘?ﬁi@\/‘g}% i@?gbﬁgﬁeg?g‘%@%%??ch

Cor por at i on pidityn8k5e6), Th¢ 2.60TWito PANI/BSS Anspjutitinswasdeadsidtinforaesgrifgom Al dri ch

at 99% purit e ' f\h” [ h&ioR%AERLEL Was

prepared by ﬁ%&%&gﬁ%&&%sglgz@g{eygirn@%gqﬁe 1r@%®1ﬁﬁs{6&®f§ 359 E% xyl ene

(EM Sci ence, in fhaspineoagatsigip0 for Woeopnds pamor esbEamdhe spip 60166 oaded

into a syringged 84 heEh1h el e60°CfoR66 BicdndL AR reduMiniilyshifnelaydtitat an
filter. The SOfUtIOI’l Wwas spun in the spin coater at 1%00 RPM for 90

seconds, 20 enByddess fnh- VAR RMSoat er and dried on a hot plate at 100C for
60 seconds. The r ghelpittertediayeraifiliphtwnittinggiolyinet, forméd abdveckaess of 1, 000

Angstroms. The .pattern l.ayer. of .l ight emtt ol .. ove, was
| ami nat ed onraén‘gﬁtg 8ﬂ‘8§€%°*?%¥ee‘84"1°8?f‘ f%g?ewﬂma{‘?&gm\%‘}%i%fﬂd%%{ W@la’?n‘?lnat or
with both rodllees st 52125°6 ab@aGotation speed vE#)OmnEmimde. oA ftaoemondlmite e. After
removal of tRg, . element, the desired pattern was observed on the surface of the charge

25  injection layer under a microscope at 50X enlargement.
A 2 mm x 2 mm electrical contact layer of aluminum was then resistively

deposited onto the transferred pattern of light emitting polymer to a thickness of
1500 Angstroms, to form the second electrical contact layer through aluminum
masks with 20 2 x 2 mm openings.

30 To test the devices, contact pads were first formed by cleaning off the
organic material in selected areas with solvents. Power was then applied froma
DC power supply and the light output was measured with a luminance meter. The
luminescence and current density as a function of the applied voltage at 6 different
regions were measured. It was found that the luminescence increased as the

35 applied voltage increased, as would be expected.
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donor elenment, the desired pattern was observed on the surface of the
charge 25 injection |ayer under a mcroscope at 50X enlargenent. A2 mmx 2
mm el ect weoat/owmont act | ayer of alum num was then resistiveCyUSesosi t ed
onto the transferred pattern of light emtting polymer to a thickness of
1500 Angstrons, to formthe second electrical contact |ayer through

al um num nmasks with 20 2 x 2 mm openings. 30 To test the devices, contact
pads were first forned by cleaning ofJLAIMS organic naterial in selected
areas W th sglvents.. Power was then applied froma DC power supply and the
| i ght out put ‘Srfiadg’ﬁ&é% with a |l um nance neter. The |um nescence and
current density a$. aAfrmkthod ofprofidinge patteined dayeobf elegraacti @ efgaiier ent

regi ons were aspred. ..t was found that the | um nescence increased as the
35 applied Vgﬁ%g écgl(r%‘g?%lg’%ed, as woul d be expected. 24 WO 02/(Q70271

PCT/ US02/98164 CLAI selectivelatexpesing taiheaice danor glemanteanpgising a ansietdi ng a
patterned | ayer,. GfihGhERlIRAELbIEIQNBANIE orpBli Chattial HBREVSHIGnt&

sel ectively exposing. to”heal .a donor ele t conprising a transfer |ayer
of thermall yp@lﬁiag%@xfg‘lhé eleriseactiyg ergans r’barti’g"értgﬁ E‘E’“ﬁg’ﬁé‘iﬂf‘é{f?r gger,, ¥ unwant ed
portions of thmisl £aésireadphitarfedlagervielsrrbativabrdaniznmitbraltonahs fleror| ayer,
thereby formng a desired patterned |ayer of electroactive organic

material on EKEBonor element. 10 2. The method of A aim1, further

conpri si hy transf @r r Thgmethed pfClamn durtieagemprisiogtransderdog the pitternedt to a
Substrate, p I ' rel | steansferring
the patter negfl%lg{@? F%‘%M@ﬁégise&)éslp@ai{ %u%gtf/gtfgﬁf?]%tb }yz&r{ﬁé}%ﬁqﬁ}ﬁgbﬁ?ﬁg% of Claim
2, further cepreomprisesoasieirng thepaticanadlayes tethe sphspate Bf lamiati®Bnor el enent

adj acent to a recei Vehe RlefSRVF OMiln, fluthet BSMBAHAAS pGtionkRy Gedfansfer t hat the
renoved, unwanted ortlonim?f the el'ectroactiye or%am%tggterl al layer are

transferred layer ¢fdhe derarelament adjacant tosa reqeixen Rlement pPgpr BPSMgher ein t he
donor el gsrentieh ¥ tHae theGOMbydds aawartedpartiond efithetleathshcdvhieganingndteryadr bet ween

t he base el epent and the r_of. electroactive organic material,
preferably \A%S’F’é‘?rﬁtﬁaﬁggﬁ%‘g@/‘ﬁﬁrchvgrrd?@erg' metal. 20 5. The nmethod of Caim
1, wherein the dodor Th¢ ewrthoet of Giaime?, vdorin theatonondementiforthdrgomprisest i ng
transter of Ligalhalnfd et r}%ﬁ?s%g%%n NP Blehi@Pind! e ldYer oS UDSL T at e,

preferably erein ; ¢ s a release material .on a surface of
the netal adplesteerctive organicimatenial gpreferably whersin the heatgrdayer i ®etayl | t he
rel ease mat eri al being chosen fromthe group consisting of

pol ydi methyl si OX%.ne'l‘he method of Claim 1, wherein the donor element further comprises

means for facilitating transfer of the patterned layer from the heating layer to the
substrate, preferably wherein the means comprises a release material on a surface
of the metal adjacent to the layer of electroactive organic material, the release

25  material being chosen from the group consisting of polydimethylsiloxane,
isdichlorosilane perfluorodecane, hexamethyldi-silazane, dichlorosilane
perfluorodecane and tridecafluoro-1,1,2,2-tetrahydrooctyl-1-methyldichlorosilane.

6. The method of Claim 2, wherein the transferring step comprises
providing a first adhesion force between the patterned layer and the donor element

30  which is less than a second adhesion force between the patterned layer and the
substrate. '

7. The method of Claim 2, wherein the electroactive organic material
comprises first and second layers of electroactive organic material, one of said
layers being a layer of charge injection/transport material, and selective exposure

35  of the donor element to heat removes unwanted portions of the first and second
layers of electroactive organic material, thereby forming two desired patterned
layers of electroactive organic material on the donor element,

25



i sdi chl orosi |l ane perfl uorodecane, hexanethyl di-silazane, dichlorosilane

per fl uor odecane and

tri decaf woopem27, 2, 2-t et rahydr ooct yl - 1- met hyl di chl or osi | paPpUS@/08Td3e et hod
of Claim2, wherein the transferring step conprises providing a first
adhesion force between the patterped |ayer.and_the donor elenment 30 which
is less than a sé@é‘ﬁﬂblé(d’}‘mﬁ"rlﬁﬁwf%‘git@% W&qs?ﬁ@tS%W%@&tchfﬁgFr’and t he

substrate. 7. Theref@hblgaviteifttiai laye? of vhageinjectibe/tehspottrmatetialie or gani ¢

material conprj first and second | ayer f [V iC
material, o 081‘!%&;750“’?13%81"3&3’&?@0&3cPé@“@ﬁngOI%rgﬁgée?oﬁ%sdgc | Cé\r%?gans por t
material , angylesd, @diutoeyethapalsmd eosbictive polgadbnedr el ement to heat renoves
o PO Shoset Thd elpli 3F AR 2 E6Ming MEARCHloxBbaf tiBABhLY® O 9N ©

material ,” thereby formng t jesiré tefned | aye el ectroactive
or gani ¢ nat eelementign heatebydases radiatiomem thermal prnt beadpr @ AIrapef FQRYSING 164
preferably “ﬁﬁfa@?&i%e substrate conprises a first electrical contact

| ayer, prefera erein the I:ﬁ/er of charge injection/transport materi al
i s provided by foPmi A8 aHek PARFIEAYH PRYRYECt i ve pol yaniline sol ution
conprising xylene, 2bietetonysit;madol and conductive polyaniline. 5 8. The

t hod . Caim 2, ISl | | i el t ot
neat by 1Gser rad att B PRAREL by JRRT patech BEcliRRE GIT 0
metal | ic ti pergaSic material isippoated by taenlodse element, wherer theitragsferableaxer has enent ;
and 10 a tr aﬂéénl%ﬂmcﬁink@%gﬁgﬁfgaﬁfahgfﬂ% Rledfvd KRfnPa fefioVe Qhwahtegt roacti ve

y tHe basé

organi c materral supported, > el ement erein the trapsferable
| ayer has bpemionsehelertiogetive orearde Biatesigl 'ﬁ%lttb"?ﬁ rakle %’FY’\P@CHFI@Q& ng to

remove unwaniggreiPME ilaf§ieradle 18R ebmPASdsifitst 2ad §eddnd padéred Rlyerkiofm t he
transferable | ayer, preferabl %j/r.éqlv\her ein the transferable | ayer conprises

first antP seE]GﬁtﬁoaﬁgY?%rrgﬁ%‘Gni‘% s of 15 el ectroactive organic material. 10.
The article of Cl8j NTRe antibRrefiClaian®, wiferdihend of the fiast dnd swond patiirnet ned

| i h injectionlt i_al inth
ayer ot ° onigls AFBE NRL RSP haPRl BRI DL oyl BE T 1 L0
coati ng fronchargeimjettionitranspoot iyateiialiinproyisied by dormingp epafingdrony pene,

2- but oxyet ha@@ﬂdu@ggea&ﬁ%%ﬂ'i%%flﬁﬁﬁ% ogglg%‘i\%gglxiy%e, Aiutol¥habo! arkd € of Caim9,

further conprisin ting [ayer n“the base elenent and the
transf er2bl eCOIai}déﬁYemlmk%l y wherein the heating |layer conprises a

netal . 12. The anfi cifge Shicle 0TIt 9,ffufthdt@bmPEISIAE aeaihglageibetvaten the
facilitating, 25 transfer  of thte tbi alnsferaPI & | ayer t%a'hd megns bei ng
bet ween t he pgsgﬁgqr%qnéﬂpcitheéwp erable layer, preferably wherein the heating layer
comprises a metal.
12. The article of Claim 9, further comprising means for facilitating
25 transfer of the transferable layer, said means being between the transferable layer

and the heating layer.
13. An organic electronic device, comprising:
a first electrical contact layer;
a second electrical contact layer; and
30 a pixelated pattern of electroactive organic material between the first
and second electrical contact layers;
wherein the pixelated pattern comprises at least about 10,000 pixels per square
centimeter.
14. An organic electronic device, comprising:
35 a first electrical contact layer;
a second electrical contact layer; and
a pixelated pattern of electroactive organic material between the first

and second electrical contact layers;
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and the heating layer. 13. An organic electronic device, conprising: a
first electrical contact |ayer; a second electrical contact |layer; and 30 a
pi xel at edv@par/omwen of el ectroactive organic material betwepaTkh@/@Bigsst and
second el ectrical contact |ayers; wherein the pixelated pattern conprises
at | east about 10,000 pixels per uar e entineter. 1§ An _organic

el ectroni c dwhersin eashpprel h@sr?gl.engtbge 5t ai“rlé)ﬁ nuetops,dop to 8 pigronsyade - 5
second el ect gichdixdl BAS @Gidth 268 hiana0d néicrohx &loaingd 1P atitens peéfermbhct r oact i ve

organic material.between.the fir nd sec el ectri . 3 | ayers;

26 W0 02/ 070%hereiactEs) B%Sfel&ngfﬁﬁw R 2B, B¢ it %?19@28%5?& ess t han
100 mi crons, alsbavi0 tdcrbfs piefarably wharein eashpixgd hased length lessuhantgboess t han 100
m crons, do tQ i QN fer in each pixel has a length

| ess thangjaﬁ@%plgégsmmc(f%ns a%e§§gla§“ag§1h¥|()erﬁ{£ﬁ{hﬁan about 50 m crons

preferably wherein each pixel has a length | ess than about 5 30 m crons and
a wdth | ess than about 30 mcrons. 27
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