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MATERI ALS FOR ORGANI C ELECTRONI C DI S- PLAYS AND DEVI CES Thi s invention

rel ates twooegsmpL el ectrol um nescent di splays and or gani ecTaset/eszb4 oni
devi ces. Background Pattern-wi se thermal transfer of materials from donor
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el ectropi caleettomeidevieesl> naterials can allow a wide variety of organic

el ectroni c devices to be nade that cannot currently be nade by
conventional neans. For exanple, while em ssion of polarized |ight from
oriented organic el ectrol um nescent pxRk&fouads has been dempnstrated in the
literature, the ability to pattern devices or to make displays utilizing

or gani ¢ pol ari z&dtternivghe¢ thermalttiangferelingtenaly dommdendsebeetstooeseptofhe present

i nvention provides nethods for.20 tterning oriented electronically active
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devi ces include organic transi stors and other such el ectronic devices that
have ondentedothendevitesy Spenificadlyi sabavtive theymalpoingfee of tayefiksrs fidackananpl e t o

enhance charge bi.lity operties in the devige. Oher such devices
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linearly or circularly polarized |ight. In one aspect, the present

i nvention provides a process for nmaking an organic el ectrol um nescent
device by selectively thermall gu;ﬂ!ﬁ%ﬁ{ @;tﬁlz ﬂgvggtﬂ);lansf er layer conprising
an oriented organi c enissive r sheet to a receptor 30
substrate that [[Tas ahility tostleefiwesdy tirdaallyamshsfeonganis deceninaily attéet r ode so
that the oriented 1 WO 02/087894 PCT/ US02/ 08794,
15 matenals can allow a wide variety of organic electronic devices to be made that cannot
currently be made by conventional means. For example, while emission of polarized
light from oriented organic electroluminescent materials has been demonstrated in the
literature, the ability to pattern devices or to make displays utilizing organic polarized
light emitting devices has not been shown. The present invention provides methods for
20  patterning oriented electronically active organic materials, and thus for the first time
enables the fabrication and manufacture of patterned organic electronic displays and
devices. Such devices include organic transistors and other such electronic devices that
have oriented conductive or semiconductive polymer layers, for example to enhance
charge mobility properties in the device. Other such devices include organic
25  electroluminescent devices and pixilated displays that incorporate oriented organic
emissive materials, for example to emit linearly or circularly polarized light.
In one aspect, the present invention provides a process for making an organic
electroluminescent device by selectively thermally transferring a transfer layer
comprising an oriented organic emissive material from a donor sheet to a receptor

30  substrate that has a first electrode, and forming a second electrode so that the oriented



organic em ssive material is positioned between the first and second

el ectrodes, wherein the device is capable of emtting polarized |ight when
acti vat edvolovogmset her aspect, the present invention provi #es/tsopesogess for
maki ng an organic electronic device by selectively thermally transferring
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alignment layer and capable of being selectively thermally transferred from the donor

sheet to a proximately located receptor.
In another aspect, the present invention provides a method of making a donor
sheet by providing a donor substrate and forming a transfer layer adjacent to the
20  substrate, the transfer layer including an oriented electronically active organic material
capable of being selectively thermally transferred from the donor sheet to a proximately
located receptor while substantially maintaining the orientation of the oriented

electronically active organic material.

Brief Description of the Drawings

25 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:

FIG. 1(a) is a schematic side view of an organic electroluminescent display
construction,;

30 FIG. 1(b) is a schematic side view of an organic transistor construction;



FIG 2 is a schematic side view of a thernmal transfer donor elenent for
transferring materials according to the present invention; FIG 3 is a
schemat i cweiod®s™pew of an organi c el ectrol um nescent di splray/usaresgp4di ng to
the present invention; 5 FIG 4 is a schematic side view of an organic

el ectrol um nescent display according to the present invention; FIG 5 is a
schematic, side view of an organic el ectrolum nescent display according to
t he present i nveNEiDRi;a schématl dide dewaiiankdrimal shtherdoawr eiémert for gani ¢

el ectrol um nescent backlight 10 according to.the present invention; FIG 7
i s a schentapdersinganajerals gcordingiodhnpPreset dxepBPini nescent devi ce accor di ng
to the present i i.0n; . | e i 1 i an organic
el ectrol um nescgm'{'e%itesv% ggléeﬁ%%c%éﬁ”ﬁ‘g oltfgnt%ﬁ%ﬁ%rée@égr??n?%\g%ﬁtﬁ(g .1 15 Wil e the
invention hé&odadingapihe pr@emdnventisnnodi fi cations and al ternative forms,
specifics thereof have been shown by way of exanple in the draw ngs and

wi Il beS descri BEa 4 is aehamatic side Wrlof 4n pEsadisodecdiobppinesssWedigtay t hat t he
intention | 0,.Li m . ipvention to the particul ar enbodi ments
descri bed. 5%{9%&%‘%%15??%5%?},& %éloﬁ’ht ention is to cover all nodifications,
equi val ents, ang@[@l3 Branehé@i fidd Viewdah bhdanid dect@hinintscafddigdayscope of the
invention. Detailed Description The present invention contenplates organic
el ectroni caefevdingto BAPTEERINSMEIoRhat i ncl ude oriented el ectronically

active organic erial I: ti-cul h i i.gnted
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presentoi NY&RtdifRto Bk edsemiTheation; acti ve pol ynmers and/or organic em ssive
materials can be oriented and patterned, for exanple by selective thernal
transfer from aFienbis aswshematic ¢ Ylewmflaay&a@w(ﬁle%gﬂmmﬁwgt dsvicgr gani ¢

el ectroni c_devi.ces. . Exanpl.es of. organic electronic devices that can be
made i ncl ud® 18%%? @eﬂ%ﬁ%tilé‘f%lpg?’ ag(éfr%igani c electrolum nescent (COEL)

devi ces, and theidi kiR.a ShMEAR2i@BVIERDf B b 4B 368 nink et vREDOdI NENt
the present invention contenplates CEL devices and
according to the present invention.

15 While the invention is amenable to various modifications and alternative forms,
specifics thereof have been shown by way of example in the drawings and will be
described in detail. It should be understood, however, that the intention is not to limit
the invention to the particular embodiments described. On the contrary, the intention is
to cover all modifications, equivalents, and alternatives falling within the spirit and

20  scope of the invention.

Detailed Description

The present invention contemplates organic electronic devices and displays that
include oriented electronically active organic materials, and in particular that contain
oriented conducting, semiconducting, or light emitting polymers. According to the

25  present invention, electronically active polymers and/or organic emissive materials can
be oriented and patterned, for example by selective thermal transfer from a donor sheet,
to form layers or components of organic electronic devices. Examples of organic
electronic devices that can be made include organic transistors, organic

electroluminescent (OEL) devices, and the like.



di splays that emt polarized |ight, and nmethods of making polarized |ight
emtting CEL devices and displays. Sone organic |ight emtting naterials
have beerwehomsrsto be capable of emitting polarized |i ghtcriusn/eads abl y
oriented or aligned. The present 5 invention includes nmethods of patterning
oriented or orientable materials to make polarized light emtting OEL
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el ectrodes, light emtting devices, and the |ike can be nade that
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color displays, full color displays, microdisplays, or other such applications.

20 In another embodiment, the present invention contemplates patterning oriented
conducting or semiconducting polymers to form the charge conductive or
semiconductive layers in organic electronic devices. Some electronically active
polymers have been shown to exhibit enhanced electronic properties, such as improved
charge mobility, when the electronically active polymer is oriented. Oriented

25  electronically active polymers can also exhibit unique effects such as preferred charge
mobility directions (e.g., charge mobility in the orientation direction enhanced relative
to an orthogonal direction). The present invention provides the ability to pattern
oriented electronically active polymers to make organic devices that have improved
and/or unique functionality. In this way, unique or improved organic transistors,

30 electrodes, light emitting devices, and the like can be made that incorporate oriented

conductive or semi-conductive polymers patterned according to the present invention.



In this docunment, the termorganic el ectrolum nescent (CEL) display or
device is used to broadly refer to el ectrolum nescent displays or devices
t hat i nclwo®2as7ses gani ¢ em ssive material, whether that emCcIgiSoBosTd eri al
includes a small nolecule (SM emtter, a light emtting polyner (LEP), a
doped LEP, a blended LEP, an LEP or 5 SMenmtter disposed in a host

matri x, or another organic em ssive material whether provided alone or in
combi nation W t In tiydstubirht, BRh or@hid dévtidiimitesrhtORL) Hisphgtor dedice
functional or non-functional in the OEL display or devices. The term
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unpol ari zed li.ght .if its consti.tue electric field vectors, . e.n

oo erreq ST, oriF oERBRHGH Tt oy B SEank B otEEITDRsR i ¢ uaes

in all 15 fgliciigfdliop Ren-Feideiensliif tHeADEL @isphag opldsvieedf pol ari zati on.
Unpol ari zed |ight can be converted to linearly polarized | i]ght by directing
M

it through a polTheterimpldrized dight intuisechto rpler te ight ot ys substgatidlyaelarizeds i el d
vectors paral |l el fquthe trans '.ssiéﬁn o?txés t% t he ftilt r to, bhe .traagsm'tted.
Li nearly pdPaPRURIF 18V Hie2 ROI40HOR 0y RN Al 8T BReP el g PUBIAHPY L9 | ght
(and vijge YEihs atiodf thSRitdisitR ofiigHthavinbaveSp Rhrddation 2@teldTanteRkI® the | ent ed and
aligned are used interchangeably in this docunent to describe an organic

el ect r oni catensityef light Haxingrthe prtkegonilgwlarivetien statth dotarzed dighttcarbe  nol ecul ar
units have.a determn ngbl.e Fﬁr‘ﬁ’f% red,ori I directionality, or

at
al i gnnent . IS4 Rolarired Gifcy i Oéleﬁg’hlgﬁl:lﬁlqlg?%erd' to a layer or naterial

that is capabl eyt BeichSred@b a&iRarMed HohGN s coddttucheslBe Ak ifigRtord ayer
refers to a. layer, coating, or filmthat can 25 induce an orientation of

an ori ent abhee mepreferzd omientatioma. eq thecfitld veesorsdiawe nedrlysaguelabagnitudesinallt s or
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type of material, the nature of The energy source provoking the |ight
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(and vice versa) by use of a quarter wave plate.

20 The terms oriented and aligned are used interchangeably in this document to
describe an organic electronically active layer or portion thereof whose constituent
molecular units have a determinable preferred orientation, directionality, or alignment.
The terms orientable and alignable refer to a layer or material that is capable of being
oriented or aligned. The term alignment layer refers to a layer, coating, or film that can

25  induce an orientation of an orientable material when the orientable material suitably
contacts or is suitably contacted by the alignment layer.

In this document, the term emissive, or light emitting, refers to a material that
emits light photons due to the interaction of the material with another energy source.
The type of material, the nature of the energy source provoking the light emission, and

30 the characteristics of the light emitted can be divided into separate classes, at least one



of which is the dom nant nechanismfor |light em ssion for a particul ar
material in a particular device construction. One class of em ssive

mat er i al swo920&fes red to as photol um nescent (PL) materi &csjusomossd ch t he
mat eri al absorbs |ight photons of one frequency, and re-emts 5 the |ight
at a different frequency. One type of PL materials are fluorescent
materials, which typically absorb photons of a high frequency, and rapidly

re-emt thefivhihtis e d®mihitvedechdfsih &rdight ¥aissAGbhepartiviler Mhteffhl ifat eri al s
i s phosphorescent materials, which interact in a simlar manner as
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exciting photonsnﬁ ease er class of emssive naterial is
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with electrical eneri%é results in the em ssion of light photons, One type
of EL n#t ethedight ar adiffsrang faqueney. Qae biveall BL matens ate thierespent magtiialsiol e pai r

i nduces the neration of an.excitqQn.in an inorgani s nolecuyl e, jch then
1 e ts. oo ShRHbObsab R St a e P LRy FarB it g ALE O B
material algyvdeqiBic! YRk SnotMétitgpt SFERL Retefhls RephdsPRdresceiDingeHhle, WiBM or

polynmeric (LEP) in nature. Typically, SMmaterials are nmulti-ring organic
or or gano- mieratin@ similaroudrmsr dafliargscantiingbriala dosevertthe rateplitesamisonod or ni ng a

conj ugat ed, system | rder, to effecti.vel tilize the em ssiy at ure of
Lhese mat efShF o bouch dawebleadng ke cBieiph i ot fofF ign Dernh e dfer i

deposi tjgd eRiin@phibeHvedeasedi Ng vapor deposition and the like. LEP
materials are conjugated polyneric nol ecul es having sufficient nol ecul ar

wei ght so as t o Avethfer tlass efremissive mBERriakis eefer¢btomselectrphimungscent (EL) i zed by
casting a solvent.solution of the LEP t.erial on substrate, a
oo ot Cn A i Fhith B el 0% v s G e R WG e Sion B Bt o e

LEP mat eri 8hstoR® OBYLBE of KL ikiéiPlls £ G Faré FERdt65a10)n MG anB&Mon-
Alternatively, the LEP can be fornmed in situ on a substrate by reaction of

precur sor $pleqiaggndices thexgangrhieombican axieion inE@ ingrganic nagtecdd vdhichothew| vent

coating, Wile L material s ar ener al | characterized in this doc t
as ei tﬂér §Wllt8ra%@9,n‘ﬁpfm\ﬂf‘falyt%é??‘g?fc?&ﬁ]ig?éfvftet'hat some OEL naterials rnlsjl;/mge

difficult to claggiveytyjpB of BRImAtBEM SHOEE rediaiAS WibiS ke Be efthepMmand 3o LEP
materials. To be inclusive, such materials are included in both the SM and
LEP cl assinfdlecald (SM) drpolynhezicLEBY sesatwe. tTipscallyctMenateri@ls are multi-ring
organic or organo-metallic molecules having a high degree of unsaturation forming a
conjugated system. In order to effectively utilize the emissive nature of these materials,
20 adense compacted layer of SM materials can be deposited onto an electrode using
vapor deposition and the like. LEP materials are conjugated polymeric molecules
having sufficient molecular weight so as to be film-forming. LEP materials are
typically utilized by casting a solvent solution of the LEP material on a substrate, and
evaporating the solvent, thereby leaving a polymeric film, although some LEP materials
25  may be extrusion coated or coated by other means. Alternatively, the LEP can be
formed in situ on a substrate by reaction of precursor species, for example when the
LEP is not amenable to solvent coating. While OEL materials are generally
characterized in this document as either SM or LEP, it will be recognized that some
OEL materials may be difficult to classify in that they share characteristics of SM and

30 LEP materials. To be inclusive, such materials are included in both the SM and LEP

classifications for the purposes of this document.



WO 02/ 087894 PCT/ US02/ 08794 Alignnment of emi ssive materials into a
preferred orientation can result in the em ssion of polarized |ight upon
sui t abl e weokpsmspon of these materials. The terns active ecTalSexes7oni cally
active, when used to refer to a layer or material in an organic electronic
device, indicate layers or materials that performa 5 function during
operation of the device, for exanple producing, conducting, or

semn conduct i ng Aliphfveftofatisdied maerigls intélageéfenad otentitidnash resaitan e ng

|l ight, enhancing or tuning the electronic properties of the device
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whet hengi t ah@ol#d thé flndBbnality BN ar0R§&1iY ElectréhiS 66, an optical conponent, an
el ectronic device, or the like. 20 In other enbodi nents (not shommz devi ce

layer 110 is po&iGi dakhowsrnd. displey prdevicel K9 thaidnelndesy daxice 1ol 1 on 140.
The devi figurati hown. in. E G { " hot { i Lting”
bo used whant Bonerp 28] AR sibictisheg ol AR IR b)) ™

layer 110 anglaphen. @ptibadBpaddiibnat 6paist tiewRniloe 6tHepdevits sditgosaaist n t he
device between the em ssive |ayer of the device and the substrate. The

i nverted conthieentranicohspd@ys( deviqeacpriamps eanibetnregdgd batyeeredigplay 1 Gthensd

substrate 120 does..or es not ansnit . the jght, em tt t he.,devi ce
Ptab thi o L T R A SR E R S B e
emtting | aedneGhowheded¥ilsRr I0@MmcRAks biiddiSshible GEIE dévigdstth&rentit ght by t he

device. Device |layer 110 can include one or nore OEL devices arranged in
any sui t abthgoughatha enbstiatsrtowsedreptiewer positiomp 48p glhe iewes pasifien §40 ispigek| i ght s

L0110 Al bt TSR e AR S B 0
area. Al tengahl M an obsévert BeérebR AR opBGd C6RbbRIMS, an@RctrBRicl RYRE, or the like.
20  In other embodiments (not shown), device layer 110 is positioned between substrate
120 and the viewer position 140. The device configuration shown in FIG. 1(a) (termed
“bottom emitting”’) may be used when substrate 120 is transmissive to light emitted by
device layer 110 and when a transparent conductive electrode is disposed in the device
between the emissive layer of the device and the substrate. The inverted configuration
25  (termed “top emitting”’) may be used when substrate 120 does or does not transmit the
light emitted by the device layer and the electrode disposed between the substrate and
the light emitting layer of the device does not transmit the light emitted by the device.
Device layer 110 can include one or more OEL devices arranged in any suitable
manner. For example, in lamp applications (e.g., backlights for liquid crystal display
30  (LCD) modules), device layer 110 might constitute a single OEL device that spans an

entire intended backlight area. Alternatively, in other lamp applications, device layer



7 WD 02/087894 PCT/ US02/ 08794 110 m ght constitute a plurality of closely
spaced devices that can be contenporaneously activated. For exanple,

rel ati velwoomasisoeand cl osely spaced red, green, and bl uePCirgisb2/es4t ers
can be patterned between common el ectrodes so that device |ayer 110
appears to emt white light when the emtters are activated. OQther 5
arrangenents for backlight applications are also contenplated. In direct

vi ew or ot h&p mlgﬁt&ahayutapmldrahzﬁyiocﬁﬂbselb/tspmy dbeicelxhbtraahlbe for device | ayer
110 to include a pluralit i ndependent |y addressabl e COEL deV|ges t hat
emit the sﬁ%e‘BPOYGP?GF’éW@ﬁ%/V%%ﬂ ofar expple, refvebesmalipnd qlesshepashd §dsepar at e
pi xel or i

resol uti ong%l sg{na b)%eslg& égh?;t?éé ginslge net)ré{fdegtrbggv%hggﬁ]ﬁnér? e(l&gggess%gtggtnt ed 10
di spl ay (edeuice lagsy 1|10fappm§ toCH‘llmCWIl’niteﬂlghdecpi thy)smltoa“rs ereseedtad. eOtheon,
portion of an icon, for an icon C@ﬁgﬁ1 i ndi cator applications).

Vari ous’ neww_en‘{?é\ﬁf@’é‘%achh@tépléb‘?a&%S are Rl phsech r InAddggct Yigor gther

d bed
o v ahose, BpMRRRo Sk i hatungbiens dat et L oto bl bRl P
sui t abl e ofrgiapérilenthy @ddr@slsaﬂs@rwue@hﬁdﬂheemmi\e @MME&eﬁMI@& gadde. Wen

15 activated, electrons are injected into the organic |ayer(s). fromthe
cat hode anéevies @sghar@resehﬁ PRt MxY of AscRArys s Pixgl ek  Bixilated FHSPH’éf anode.

they may 1 CobnERep TP PPiPle AR IRah R PREPS R of ISR PUI T 0o

referreg t@isphy@xgi, Idwnmfo&imsg ceumehttdisiay) 06t 9ephradcsd, @bﬁlonﬂﬂ%ﬁllﬁﬁl., ofray
emt energy In the formof |ight as they decay back to a ground state. 20

Ot her | ayelanpctrn anjicos (Be.» mde@écmapphca@m)de\(ﬂwg ngy&Eladeviesisand displaysr t

| ayers, el cl n e i .on | ron

i nj ection ay%rpﬂ poLanI% T E cjfcﬁ%sg ﬁed 1g%ore dFJaﬁcﬁtl dis c%ﬁs%gghat ?(flg))%r s, buffer
| ayers, and therd atdeast édmaﬂldﬂahmnan @Hﬂmbﬂmmgﬁtthmﬂ@feﬁrdr@dy%rscaﬂoﬂlﬁ
present in the el ectrol um nescent or ot her | ayers in CEL devices, for
exanpl e t ootwATESUitabls@rganiconaterials seiskviehsdihesteany qathode aad an anadei Vékerent
mat er i col or d ot her nd Ay erials can
o used 1 oot it rtidma% Rloctc TR Mt St i B Sfo R BBIS R0
l'ayered OElnjéteat @@ tht OfgaakABRIE) h@naﬁb bRYER. As Hewljeqel cHakgeemibiaed t age
response, a desired device efficienc a desired color, a desired

bri ght nesstowands thaeppositely chpiged eleaire t@mmyé%comblmp fewmsleetien-helas
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species, may emit energy in the form of light as they decay back to a ground state.

20  Other layers can also be present in OEL devices such as hole transport layers, electron
transport layers, hole injection layer, electron injection layers, hole blocking layers,
electron blocking layers, buffer layers, and the like. In addition, photoluminescent
materials can be present in the electroluminescent or other layers in OEL devices, for
example to convert the color of light emitted by the electroluminescent material to

25  another color. These and other such layers and materials can be used to alter or tune the
electronic properties and behavior of the layered OEL device, for example to achieve a
desired current/voltage response, a desired device efficiency, a desired color, a desired
brightness, and the like.

Illustrative examples of OEL constructions include molecularly dispersed

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

polymer matrix, conjugated polymer devices where layers of polymers such as



pol ymer matrix, conjugated pol yner devices where | ayers of polyners such as

8 WO 02/087894 PCT/ US02/ 08794 pol yphenyl ene vi nyl ene, pol yfluorene, or

ot hers acwoag/osasoen tti ng species and/or a charge carryi RgTA[S6T0$I4 Vvapor

deposited small nol ecul e heterostructure devices, light emtting

el ectrochem cal cells, and vertically stacked organic light-emtting di odes

capabl e of emtting light of nultiple wavel engths. Qther OEL devices

i ncl ude popylypienyldnavafy1ee] sliMeremy 6 biabis aammneesmaml sbedi®d #@idra | i ght

emtters dispersed in a polyner matrix. For exanp

pol y( 9- vi nghasge w@m@pem@ YADPH @ﬁpRﬂ@MHﬁiél WRculpwzroswcture devices, light

pol yvi nyl carhazol e fre I dlsperS|ng
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snmal | evi ces evice cons F'ons whet her
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invention to nmake polarized 10 Iight emtting OEL devices and displays. The
present 5 i nbased |emnsswnn@tmpala§@él agpmal angleade Hghitemitiers disocrsed Brd RAYEEX or

al igned e nmat er o, hereb ol ari zed I| ent ed
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pol ari zed | i ght when exmtecc]i 15 photons emtted by C%L mat eri al of

t he devi cemofasnlesferipbad Qﬁicdfr\dWﬂg Glaer tdﬁélce p@@%@ﬁmonsw@ﬂnqr@ﬁw kopwndirspl ays

and | anps e nmade t hat epe

dr eoshbl FGeRvelabiCas congpRbist i Roelin dhe ke Bent ERF Bl ea 11 gn
and whegge hgﬁd%g tRfgl GBL e cévdnd displayki ght em tted from each device can be
t he sane di fferent fromthe light emtted from other devices. Al so

accordi ng to t h&hp pesentinotipmoanemplates QL dévigss 4lyat inphetlel amrpsientedivrbe made

t hat |ncIu e _or ces at. cantain a pre-oriented em ssive
material t&" @?Htembﬁ“éﬁrpitgéﬁl-t?g‘?ﬁebyteﬁgf PP @Ze@gﬁthgeihet ﬂ‘g?n?eqomllsﬂﬁ‘é an
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Ref erring batdial sichlagan dfieted ﬂhereﬁﬂeatséyﬂthatrmtﬁtp@mmdrhngbmhm@@ltt:dlby devi ce
| ayer 25 110 includ ent ed I ssive ter| al sed herein,
terms duchP %togsrqnéllt.tgggy?]?q éﬁt"%"rﬁ%? erﬂ&f"@?’léfe’faﬁ F 6% ?‘élAi? eni ssi ve
material s bﬁ%&nt%@nﬁ&?ﬁ%@dﬂﬁla?@hﬂﬂam% bﬁﬂs@ﬁha@é thal ingmﬁéia%ﬁlrﬁlh?toft hey can
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al i gnabl e ordgperidently ghiressahle O@tisdelvm@’s Ledeh of which ahiite substaitiay ablagzedEPs,
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or different from the light emitted from other devices. Also according to the present
20  invention, OEL displays and lamps can be made that include one or more OEL devices
that contain a pre-oriented emissive material to emit polarized light, that is, devices that
include an oriented emissive material but that do not include as part of the device the
layer or material used to orient or align the emissive layer.
Referring back to FIG. 1(a), the present invention contemplates that device layer
25 110 includes an oriented light emissive material. As used herein, terms such as oriented
light emissive material refer to organic emissive materials that are capable of being
oriented or aligned so that they can emit substantially polarized light. Examples of such
orientable or alignable organic light emitters include orientable or alignable LEPs,
orientable or alignable SM emitters, and LEPs or SM emitters disposed in an orienting
30  host matrix. Examples of orientable organic emissive materials are disclosed by Martin

Grell and Donal D. C. Bradley, “Polarized Luminescence from Oriented Molecular



30 host matrix. Exanples of orientable organic em ssive materials are

di scl osed by Martin Gell and Donal D. C Bradley, "Polarized Lum nescence
from O i enoedodmshecul ar 9 WO 02/ 087894 PCT/ US02/ 08794  NMapermitabB98794AdV.
Mater., vol. 11, p. 895 (1999). Device layer 110 can alternatively or
additionally contain an oriented conductive or sem conductive pol ynmer, for
exanple as a charge transport material or as an el ectrode or portion

thereof . Exangifs” atlvaviaeal asll €1, pC 893IUGIVD) eDeVics RYErCIANbUa hltstatpaly ser s ar e
di scl osed by A Kanbili and A. B. Wl ker, 5 "Transport Properties of Hi ghly
Al'i gned Po p%ﬁemﬂlwgﬁmamq erigniedopdeciive opggaicopdyctive polypsr, fopgkample gs12201- 1

(2000) .- Ex [ ' i
pol y( pheny ?gﬁéerg? H@% 2 ﬁlét%éﬁ%%;%g fé_gf)%lg& ﬁ?&’??@%@ (r:%}%gﬁfe SE)((aHlBIl>esS)C),f orientable

pol yf | uor epesduciVesor, septitiduttER poreers atesdisutoyed BOWN Kimbili ahéA. BeVedleped, and
co-pol ymers and/ or_bl ends thereof. Suitable LEPs can al so be 10 nol ecul arly

doped, ~ #i spérasenprifronerticsiof HighbniligredPobymestlight-Fmittiag Piedgs.s Phis. &eded wi t h
active or pon- iV efj di spersed with active or non-active

mat eri al s, @aﬁﬁlag%é) Illfiéel.'{ gﬂo@it abl e or alignable LEPs include standard
LEPs (e.g., achiEkahplkotPedsids ofDBP niab&RlE el p ny1Bidvitidsne)s PPve)i d

crystal phase, chiral liquid crystal LEPs, and LEPs disposed in an
ori enting powtpanaphdnylenes(REPshppbdluptenesdal oiley LEP matpiialonemiknewg opol yner s

and orga_ni eri f:cl u}c)zleed ol i _otlhi 0 her&c;os Jo IS tehé0 phenes 9I ro(; S,

pol yani | i n&&er qeeleped, aad Grpalymery /g blends thereoly FUFtIG LEFS S 48 Bo1 yer s
t her eofig OpigktiuplalyQlopéd, dispersad WethTRidEsErt AFedr otBETAICAREHE | HlehdRalwitrer S
i nclude those that have a liquid crystal phase, chiral liquid crystal

conduct i ngadivesemon-andvempisyalsodisprssed withhattiye od nen-peftyeonatemals @oddect i ng 20

I di. d.i i entd .h tri M, nat er,i |
hon” pol yrer Kby gt B afeiaRliaid infaos SRadn LEPY R P AL S RistnERTS e
in CEL di spiceisc Aandud®\hsaaves 1igiididrastal PRLKY bidka liqeiiadr@Ral IEPNSRIOTEPs
materials, as dopants in emtter |ayers (e.g., to control the emtted

col or) or disheseden am anepmgthostapetrix; and the |ike. Conmonly used SM
mat er i z%l S include me‘t al .25 chelate co 8u§ds, ?uch as ‘o includ
tri s(8 hydr oxyatraPIen8f iR A SEATGOuSt g naTyeich Aaq grganics include
net hyl phenyi}sthobherfds ) Mﬂogﬂﬁa@g,cbdp@yﬁ?d?})olgmia&, 2/piPe, £ Mdrgnabl e SM
materials include chiral SMmaterial's and SM naterials disposed in a
orienting hutriatseandiblendSeed co-polymexsihpicef. OhentENe wrnelegrablesodduntingsed in
Japanese Lgérgic%cﬁl%tigg %)oelr}]f}neénl%llu & %hlo(s)en that have a liquid crystal phase, chiral liquid
crystal conducting or semiconducting polymers, and conducting or semiconducting

20  polymers disposed in an orienting host matrix.

SM materials are generally non-polymer organic or organometallic molecular
materials that can be used in OEL displays and devices as emitter materials, charge
transport materials, as dopants in emitter layers (e.g., to control the emitted color) or
charge transport layers, and the like. Commonly used SM materials include metal

25  chelate compounds, such as tris(8-hydroxyquinoline) aluminum (ALQ), and N,N'-bis(3-
methylphenyl)-N,N'-diphenylbenzidine (TPD). Orientable or alignable SM materials
include chiral SM materials and SM materials disposed in a orienting host matrix. See,
for example, the SM materials disclosed in Japanese Laid Open Patent Application
2000-195673.

30 Polarized light emitting OEL devices can also include oriented PL materials

such as fluorescent dyes disposed in an orienting matrix. PL materials (oriented or not)

10



2000- 195673. 30 Pol arized light emtting CEL devices can al so include
oriented PL materials such as fluorescent dyes disposed in an orienting
mat ri x. RkOmwavensysal s (oriented or not) 10 WO 02/ 087894 PeCTwS024s08i794 can
be used in CEL devices and displays to change or tune the color of |ight
emssion. In the present invention, oriented PL materials can be used to
emt polarized light, even in instances where the |ight produced by the

el ectr ol untAEsCeRY ifBEES dedlcet Bt displaysodh@see driténdthe BBIOEOT B efssion.
unpol ari zed. Exanples of organic PL materials include fluorescent 5 dyes

such as t hbsdepresentineantion, Eignsdddnmpterialstcampp upaddpieght prarized ight guena2 .
Orientabl e.or alignabl e, PL t eri al i.ncl,ude . .t hose djs X . tin
Qe and’ Bohsintcd AR e ngRRS A Beby AEURAToLARR S BlPREflatinl iy

Mol ecul ar R indfeSials i&dpolariddll € ExampRb of drkanil PLSAktefid8 HludeRthobdscéiir i st oph
Weder et al., "H ghly Polarized Lum nescence from Oiented Conjugated

Pol ymer 3 Polyestshigh amidoRi disalosed|imBuropseiyPatas Applisation EBI1.07¢ 60p A21035 (1997).
Alignment, or orjentati f organic LSsi ve and/.or. el ectrani | y, active
mat eri al s Qéﬁnﬁhfeé’é ﬁﬁg&*ﬂi’@é ?ﬁ n};{&{)—%?si lgfvg‘ghoﬁ%ﬁﬁ%l?@efyba?’n%ﬁﬁgh%rreglal“?/%c?é%lends on
the materpalc. Beidhy, abélaRad Linifestesdd féh Rl MoRsHEHMateials, 2Ry, Ot her
such factors. Light emtting and other electronically active polynmers can

be ori ent eMater.,aol. 15, pudMW £ 9V andhhy Christopl &Y edgr etsie GHighly Boletizeg an
i t abl ti | .aduri . | i i t i 0f ti ,
Pnct udi ng. HrasstoRe ahcorieed fPu BRe babhsr PRt Re Bt gy a2 nd”

shear ggat M\egér.,q,ggtgi,?_gm@@ (pggAHve LC polymer onto a suitable alignnent
| ayer; coafing an active LC polymer onto a stretched, and hence

ani sot r opi cal | y Adignment, peekjientitiom ¢0orghmy emesdiveapdioy cleciwenically astivact i ve
polymer onto a. film 20 (.or layered sheet) and stretchi.ng the conposite
article; cBYSR Cé‘H]bﬁé’f 1§ edlﬁéapv&r‘ﬁ MagReTs, g@ge‘nﬁga $depepds PR fiesheet ) and

then brushipge I beinPRligedt the degnRYice @ahdtiBiion, faRA BiHeE sdhaR&EMCt | ve or
sem conductive organi c | ayer, such as an electronically active polyner,

rubbi ng or br ushighyemiteng aykothteledionically activevwlyahérg namebe ofienyest in aand t hen
coat i ng.an ac ive. LC pol ﬁglg‘r onto the.active galg?ilqgnrmnt ayer,. .The term
active't.C BY™BHI G EYS, ‘Hf:l s S Efaé'(c,’flf%tmgcaéll TP FEVBBPYHIS gu?%t have a
l'iquid crygdiglioPbasifg ot BRFlsidH coafifENiAQNIHE HisPSsiROhY HBEMRab1a ¥ G pdlymedui d
crystal phase and that are doped with a polyneric or oligomneric
el ect r oni cal 4 hoshatatrirearsbsheareating;goating ghactive pAopadymernonio aseitabler
alignment layer; coating an active LC polymer onto a stretched, and hence
anisotropically structured, film (or layered sheet); coating an active polymer onto a film
20  (or layered sheet) and stretching the composite article; coating an active LC polymer
onto a film (or layered sheet) and then brushing or rubbing the polymer coating;
forming a conductive or semiconductive organic layer, such as an electronically active
polymer, rubbing or brushing the layer to make an active alignment layer, and then
coating an active LC polymer onto the active alignment layer. The term active LC
25  polymer includes electronically active polymers that have a liquid crystal phase, inert or
semiconducting polymers having a liquid crystal phase and that are doped with a
polymeric or oligomeric electronically active species (e.g., a chromophore), and inert or
semiconducting polymers having a liquid crystal phase that are doped with an
electronically active SM material (e.g., a SM chromophore). The term active polymer
30 includes those that do not have a liquid crystal phase as well as those that do. Some of

these and other methods are described in Martin Grell and Donal D. C. Bradley,
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sem conducting polyners having a liquid crystal phase that are doped with
an electronically active SMmaterial (e.g., a SM chronophore). The term
active povomuens’8® i ncl udes those that do not have a |i qui #CcTrgst/ed79phase as
wel | as those that do. Sone of these and other nethods are described in
Martin Gell and Donal D. C. Bradley, 11 WD 02/087894 PCT/ US02/ 08794

"Pol ari zed Lum nescence from Oiented Ml ecular Materials," Adv. Mater.,
vol . 11, p“Pol&ﬁEed(ﬂtQﬁ&)ssceMe e dtenedd MbleculaPMlatdrialssUAE edhten) wii Ngpcence

f rom Rubbi n Pol y( p- phenyl, eneV| nyl ene),"” Adv. Mater., vol. 11, p.

1158 (39?:2)8 Q9B el aeRE . “Rplariz ﬁd@%@megewﬁr@p&ﬁbhwféh&@ from
X 3 B
) e, S IRRARL g Ml A P T 0] AR08, . £t Ot Vo

El ect r ol umaneeotized En&tfbmhqamc@eyfﬁdmwwgnm Chidh@dph%b}b&hhmll?ﬁdim " Adv.
Mater., vol. 12, p. 362 20002 SMenmtters can be oriented in a nunber of
ways, ihcl damsir Mrthesbs M@Mﬁi@l"iﬂeiﬁ 5’0%4 €008 kiand M. Qdn el afCirgylagly

o1 et i N9 BARAREL Ko RRSANSRE ARL LM CABIRA B BRLALDEALL R D0S!

matrix can In onircally ac roni ca I nert

mat eri al s, vadel %1.I1tzgﬂi51t3@r(2(b00)ng mat er i aI s; vapor dep05| ting a chiral SM
material on a suitable substrate; vapor dep03|t| ng onto an ani sotropic
substrate that S¥henptpicean l:@rqr@meédn 6 mBwbET Q)ffw@’SSWPblém& rfisPosifg aany ot her

sui t abl e net. ho e.and ot her descri bed, | n..Japanese
Cai d-Cpen PAERIYIe RATFmRky PiTe 2 Bt B RAR afA Shdlf B4l ke we

f 1 uor eggenbrieiaf KoRNMBEIxUah GRdledk élébt@niwnj»aém@fmmﬁs eldcirohiediinihetli SpPosi ng
an orientable PL material in an orienting host matrix and shear coating,

wher e t he oriterals, agd/pokght gautting mederaly yrpefalcposing @phlceélslw mgtarialen a

I I I d/
mat or 1 al o, SR CRPREE Yapdr BERlnE O o B Bt TR pat en
Appl i cat i ogrig@ed glowhR of QSMQ&U%@&M%? otler Guitadle HeGO8! Seinedf these Mat t er ni ng

of Oriented Photofunctional Pol g Systens Through Selective
Phot obl eacmht:gmethqdearem@mbedm ese\I@nd -Opén Pptentaipqlzanqr) 2@9%19@&%4 n Gell

and DOQ? PEr Ms 5 Ifém nes&ence fromOr Mbl ecul ar
Materiafs,” Adv. > SYfFGyas resfse“ Y5 @ 563"6“%1‘%??\‘?? erb Ao FIG
1(a), devi %ldcﬁf@dhsﬂ&s%%&@&mmtﬂbﬁ&%&nﬁﬁghost%tﬁﬂbﬁd ke 120 can
be any substrate suitable for CEL device and display applications. For

exanpl e, supatingawbere2iie orzantiog lpstinairiyicas mclusle glactrphigally activematariads, suit abl e

electronically inert materials, and/or light emitting materials. See methods disclosed in,

for example, co-assigned U.S. Patent Application Serial No. 09/426,288, and in C.
20  Kocher et al., “Patterning of Oriented Photofunctional Polymer Systems Through
Selective Photobleaching,” Adv. Funct. Mater., vol. 11, p. 31 (2001) and Martin Grell

and Donal D. C. Bradley, “Polarized Luminescence from Oriented Molecular
Materials,” Adv. Mater., vol. 11, p. 895 (1999).
Referring back to FIG. 1(a), device layer 110 is disposed on substrate 120.

25  Substrate 120 can be any substrate suitable for OEL device and display applications.
For example, substrate 120 can comprise glass, clear plastic, or other suitable
material(s) that 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

30  damage due to exposure to oxygen and/or water, substrate 120 preferably provides an

12



material (s) that are substantially transparent to visible light. Substrate
120 can al so be opaque to visible light, for exanple stainless steel,
crystal | iwe o3os7isgon, poly-silicon, or the |ike. Because ®OmRSNESS94 al s in
CEL devices can be particularly susceptible to 30 damage due to exposure to
oxygen and/or water, substrate 120 preferably provides an 12 WD 02/ 087894
PCT/ US02/ 08794 adequate environnental barrier, or is supplied with one or

nmor e | ayer gdequaiteniénméital Hagidr @t ie Supphiatl wathoteds nivte &jeyiedagings) ok r onment al
barrier. Substrate 120 can al so i nclude any nunber of devices or conponents
sui t abl e i temiggtes thet progisicanadequsf dyyosmeniabharfieansi st or arrays and ot her

ui tabl ¢ i HmIEES nadl abirie ._ ,
and. ot her _opt | oSHoNEG ket abie s afpitet BF SeyifBER fndbfiee MiolbIF S,

wor k and OO d&ieh af@aRpAGN R a8 Bdndifier Arkdse andeMher élkbttyoni©ddriced] cold e
el ectrodes will be coated, deposjited, patterned, or otherw se di sposed on
subst rat e fiftersbedlanizers, avave pipteshdiffusers andpghar spieal devices; ansylagars,tigeeoeL

devi ce or devi.ge f. the,device,l r 110. Wen a l.i.ght.. transn.ssive
substrate 130 Nk edicmars Fekabe oD audt Dumsnels g B lne SHRPR BT ¢ ng,
the el ectr gegiofd clediffles REleBe Edvddd, dbposiled pagedied RELIRERIsE ARps4taTINr at e 120
and the em ssive material (s) are preferably substanti al | transparent to

|i ght, for sehstraisl 1@0thefore farmeng the serdaipingayes e ket @é thesQBh dgwics prdayigesi n

oxide (1 TO .or any of a r_of. ot her transparent nduct i vie, oxi-des.
B ement 130 B ehe S L nden SieflREimieT St WERES PRI o use
15 wi t Ry CEleHiS ) @NiRE aftbittom Ridting, e SATAE 6 clettRIMRE thal 3R dpdsde an LCD
modul e when device 100 is a backlight. One or m)redpol ari zers or other

el enents chetween thersubstoieel 1 Hbandebe emprsiveOateniad(s) ercpneferably whetRntiadhyt devi ce

100, for inst . absor bj flective.cl ean- i zer. .
A ter nat i vERGPaaL Y e ec o Shnpdisnt Sandiei IR al PRk A il el erent
130 can i ngkiddRITEEr@hy BPA Rubertt olidr #@hSpardMR¥ehdL@ ESxidQ touch panel s,

antireflective coatings, anti-snudge coatings, projection screens,
bri ght ness enhafitenet 39 camiss anyreleméns or opmbivatiorcofmlenens suitablsdbr wigs, user

i nterf devi the .l i | li cati el t 130
et udds o OB BispRyen 8vies K K@ eRERPR, BrteRrol 6 b BT C T SR Eo
pol ari zed kinghleditOTOPRE HAEKIEM: €ORE of BRr&ENbERSs & otH didiferddcdndter 110 to

be transmtted, preferably substantially transmtted. By including a

pol ari zer providedritetwéentthe LEDspodule agdthedacklpht d¢vaent00p faypuastaricoanof t he

ambient i gl};ls:[orl?ilqg or reflective clean-up polarizer. Alternatively, when device 100 is itself an
information display, element 130 can include one or more of polarizers, wave plates,

20  touch panels, antireflective coatings, anti-smudge coatings, projection screens,
brightness enhancement films, or other optical components, coatings, user interface
devices, or the like.

In exemplary applications, element 130 includes a polarizer whose transmission
axis is positioned to allow polarized light from one or more of the devices of device

25 layer 110 to be transmitted, preferably substantially transmitted. By including a
polarizer in front of the display 100, a significant proportion of the ambient light and
undesired reflected light can be blocked, thereby reducing glare and increasing contrast,
while at the same time allowing polarized light from the polarized light emitting
devices to be transmitted. For example, a dichroic linear polarizer can be placed in

30  front of the display and positioned with its transmission axis aligned with the

polarization axis of the emitted polarized light. In essence, the polarizer can act as a
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undesired reflected |light can be bl ocked, thereby reducing glare and

i ncreasing contrast, while at the sane tinme allow ng polarized |ight from
t he pol arweedogisght emitting devices to be transmtted. Pom/UsSezaogbe, a
dichroic linear polarizer can be placed in 30 front of the display and
positioned with its transm ssion axis aligned with the polarization axis
of the emtted polarized |[ight. In essence, the polarizer can act as a 13
WO 02/ 087894e-Ra@yhbifid/deSsiQ4iltep Nethaply caesbisodd abdanisdlf of the hindlent higlithvatilel t can
absorb about half of the anbient |ight while allow ng substantially al
emitted |i ghewingsubsientiaHy g emidedbléhit fraugh ingers ebedugemy Waenpgieddgr ee of
pol ari zatign.of ,|1ight- emtted . I I (S -l r , a
pol ari zer 8§ﬁ§HF§§%6§P8g@6&5§“§¥%%F§£§E§€y§§?8§?£%?5%¥g%Pﬁﬁﬁigﬁg“%ﬁgg

pol ari zati Pﬂlaﬁaéﬂ @n 6o De kards arg1dabyup @ildret’ enn@ease BisOpqlarizatipn datio by
substantial portion of the light that does not have the desired

pol ari z&t i bleckingt(ey reflegiomgnabsemntior) avibstenia ipertionpishaskight thawdoei rplosed on a
substrate {1160. Tge. gr% ni ct.tnrS qsi stor includes a source 152a and a drain
152b, a gal& EPELPy S g A ns i ting dielectric |ayer 157, a

sem conduct or | &y@r1(bPshowad af Qe ©a1RIstt1 50 Mpotdiain dleibeenvesd. STROUr ce 152a
to sem conductor 158, and a drain contact 154b that connects drain 152b to
seni conducbrganit3gnsisiey invhides p sowce 1 932 anda dramdiyebi a/gate electsedei Id6nauct i ve

| ts of t i stor. 150 i ncl ud p ¢ el ectronicall ti
ot ai . EsplER g 5% i asdiir il Ra i b RyRE RO el < Can
i ncl udgg ancotecRRb8de 182 Lol semiconli@br 198, bvd A df@cdiadPabieiacchbnacasr di ng to

met hods of the present 15 invention. The particular construction of

transi st or diab® 152b torsenronductot 133s tAmt ¢neeor npure pbthesondusiivany suit abl e
transi stor construction can used. bst.rate 160 can be any. mat.eri al
Ui tabl e 1 SETGRREEVERRGERR of Gobat: 1R il 4 QaREr ltF o By EhFS,
substrat e. pfkGani Purdled dnlydRkife cq-ga&ﬁ@ Bl ceSIE Ay el RbiefRl@an MLRkianl s for
pol arized light 20 em ssion or for enhanced el ectronic properties can be
made at | easentedmatarial, whigeingumi cag betpatienred accoehing tormethods ¢fdhe prgsant
orientable.materi froma thermal. transfer ar .sheet t a.desired
recept o7 SHB?PP%H'thWI %{@pg{ucgwaﬂ}%sast?ri (S ShAWY foﬁ&?%gfl?%r di spl ays
and | anps eaRhob&, ARASyRWitM1E tralidftoOddnBithdtide can bé EEIOBuBsEAN P60 st and
then selectively transferring the oriented LEP | ayer alone or along with
ot her devi esy mateginbsuitabl25onuseas anbrgans dl¢ntrodicsishv ey subdtrate crtdesplaSel ect i ve

t her mal tranbsfe{ of the oriented nateri al
substrate.

Organic electronic devices containing oriented materials for polarized light

20  emission or for enhanced electronic properties can be made at least in part by selective
thermal transfer of oriented or orientable material from a thermal transfer donor sheet to
a desired receptor substrate. For example, polarized light emitting polymer displays
and lamps can be made by suitably orienting an LEP on a donor sheet and then
selectively transferring the oriented LEP layer alone or along with other device layers or

25  materials to the display substrate. Selective thermal transfer of the oriented material
can be performed while substantially maintaining the orientation of the transfer
material. Any of the alignment and orientation methods disclosed above can be used to
form an oriented emissive layer (or other oriented electronically active layer) on the
transfer sheet. Alternatively, an oriented or microstructured functional alignment layer,

30 such as a microstructured hole transport layer, can be formed on the display substrate,

via thermal transfer of an oriented functional alignment layer from a donor sheet or
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can be perfornmed while substantially maintaining the orientation of the
transfer material. Any of the alignnment and orientation nethods disclosed
above carwbensmasto forman oriented em ssive |ayer (or porhmsn2/ea7ent ed
el ectronically active layer) on the transfer sheet. Alternatively, an
oriented or mcrostructured functional alignnment [ayer, 30 such as a

m crostructured hole transport |ayer, can be forned on the display

substrat e, othéhaisé TeI1sReEd by @dlﬁﬁl%br edleAiveRtheriiafld thaueiringnalorehiagRmER | ayer
froma donor sheet or 14 WD 027087894 PCT/ Us02/ 08794 ot herw se, foll owed

by coati ng(@rotlwroe@niabk;le;mssrmmleroyroma%a@mem@e@ab oHP it BPEONREP  ( or
ot her ori en abI e

m ss onj ti v 1 al
functional 2 %ﬁ@'ﬁf 1355%@1“% *r’l%larll%fiﬁ %nﬁg 1%51 nrrenegﬁﬁ g%/eer t he
eni ssi ve mMabehd @dnsReRM in BRbribifed §taﬂaS£rﬁrrhe>db¢ Eoabddl Wm@ﬁtcﬁﬂvaﬁ@hﬂ,m@dﬁd nmay be
coated by nore conventional neans. 5 The act of thermal transfer can heat

t he ori &nt bk ectrefitiearinal transfaricen beat the ereentablemateriak ffiiebite alpwehtoed when

transferred to the fu i onal | aye Ate natlv rientabl e
mat eri al s gF%O&%w%#WE%%ngﬁéﬁedg‘? f%ﬂi’@%% l;%,@lg’efl S éﬁ e}clqait'\‘/olyt her nal
transfer oObriBRaBle GBI diSPRkd B Allitlioha A1 BAMBRIAyesy iveidef@tiby thiRfinanneal i ng
procedure. |In another enbodi nent, an oriented conductive or sem conductive

pol yner catrahserl® meretcenyrational nacatshdap de pasisarieated byiaa asatalivgiprecetinsr nal

transfer from r ,to formon f..an ani c .transi stor,
o for m el SLMMERBPd e g ipaird saretRRyS ar ShgondleplE pAYRELLS o “The
l'ike. \\henpaierRéd §04 8&16@4&%&&%& viaSseR@iithFad] Sfafs e BoflQndr #0AhH opbeet , it
may be preferred that layers of the transfer sheet that may have been

utilized formakdlgnemgf an orgasicdrangsior,ng farmaeledtendes ayehargedtasspat lagyrs dore not
t hensel vespﬁé ferred []ksuch al i gnment | ayers woul d undesirably dimnish
devi ce fun I0 16550 B kSray or may not be transferred along with the

ori ented tranSfWhérﬁa)ﬁaneﬂ?éd%ét%a(ﬁQbélﬁg Er'é'ﬁs)fex?édeﬁ&ﬁ@%h& Sket, AmRNigdi ng or
enhanci ng device functionality. The ability to selectively fransfer

oriented paafem@thatflaym af tho transfetrehect tmttmaﬂravwbt:mmhzatl dor athrgamgfoer ring an

allgnrrent er allo reat r. fle I gnne | ayers
and ori'ént 8f1 ’E}Wgrréatlﬁgz?yers'gﬁt&‘? é‘“’t'ﬁ rtﬁedf‘ eﬁ%&ﬁ@f‘%{]ﬂ%‘fﬁls‘ %?lbg%f?ﬁﬂ ai ni %g
oriented ofy fs'\%ﬁlé"ah@esﬁ%ly\ﬁﬁmn'i%tc%ic%'f&&@halﬁ%%ﬂ'xﬁaﬁlr@ﬁw Mg devices can

be perfornmed using a thermal transfer donor shows an exanple of a
t hermal tr amséfercdidong wtdOheseridniddl teanster laysemateriali®) if {hepservapabieent i on.

Donor el en%pc;[w 135(;) olr Qrﬁlagcdlgg dgvut:)éa %ctslgrg?ltyr afhe a%jlg)ty t(()a Qelgcp 1veleransfer oriented
material from a donor sheet with or without also transferring an alignment layer allows
20  greater flexibility in choosing alignment layers and orientation methods.

Selective thermal transfer of layers containing oriented or orientable active
materials for organic electronic devices can be performed using a thermal transfer
donor. FIG. 2 shows an example of a thermal transfer donor 200 suitable for use in the
present invention. Donor element 200 includes a base substrate 210, an optional

25  underlayer 212, an optional light-to-heat conversion layer (LTHC layer) 214, an
optional interlayer 216, and a transfer layer 218 that comprises an oriented or orientable
emissive material or functional alignment layer. Each of these elements are described
in more detail in the discussion that follows. Other layers can also be present.

Exemplary donors are disclosed in U.S. Pat. Nos. 6,194,119; 6,114,088; 5,998,085,
30 5,725,989; 5,710,097; 5,695,907; and 5,693,446, and in co-assigned U.S. P?tent
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25 underl ayer 212, an optional |ight-to-heat conversion |ayer (LTHC | ayer)
214, an optional interlayer 216, and a transfer |ayer 218 that conprises

an orientwo oensmpd ent abl e em ssive naterial or functionalPcalisgnossst | ayer.
Each of these elenments are described in nore detail in the discussion that
follows. O her |ayers can also be present. Exenplary donors are disclosed
in US. Pat. Nos. 6,194,119; 6,114,088; 5,998, 085; 30 5,725,989; 5,710, 097;

5, 695, 907; ApptlchiodKeridtifos. BIG6LR 980.00HSES, ST d9M785,00P09413,1 145 a0 02/ 087894
PCT/ US02/ 08794 Application Serial Nos. 09/662,980; 09/563,597; 09/474,002;

09/ 473, 114094A89889/ 451, 984. In processes of the present invention,
or i ented (or ore0Labliedo ShealLai bl Sk S Nl oh S UabY ey 0an C

materials, incl S and ¢on e SEM CORbUCt i ve

pol yners, gaivelfidorkfdsive@ryanid magtiek! @elulin@orichRdiIEmShe cohdive 6f a
thermal mass transfer donor elenent to a receptor substrate by placing the

transfef | agmeicondictivepolymges; casl kansiactivgly Hevsferrediromdhe wansierdayeantia

sel ectively heating.the.donor gle t. Illustratively,.the donor el enent
can be sel Dipraangadietonp e FpRATQd seefnhis b pluine e GRRERT RS g

radi ation phade doadr d8maitsajbed tdihe re@piortafd Bldtive S NRLhE therh6F dlahert0

di sposed in the donor, often in a separate LTHC | ayer, and converted into

heat. |n t Héstaticdgdke dartoe clgoreot candhe sleceygip beated by irradigiting theadbingt i on

t hrough t he, donor. subst.r at .t ugh. the r.e t.or, .o oth. The radjation
ean T ol U EleBRat Bt N Gt atish bR S8 b AoRTR ks Bher Boere FafeRal o
radi at i|9n, dRpoddlatif e Rndt, oftellirpd saratd PTHENAYR! Shdf doRVRrEed ih%aﬁat,. Thade of

other such radiation source. Qther selective heating nmethods can also be 15
used, suchcasss, k¢ denoa cambe englosgrt forimapmgdadiatiansthrapgh thexdamonbulistratest anp

tt d th t. .St . h. heat ed sili t t hat
has ' o1 P BOBET B rerep b oall Jue ROROh GhdBnuts PRy ERREAS T
Material fgpmdifevikBes 1, ihfraf_réafrfdiat_lo%ysl;u1ﬁ<awo&@ra&ﬁio%,crdr\éﬁwplte RRsherred to

a receptor in this manner to inagew se formpatterns of the transferred
mat eri al oiasthéampp oepther suchmadratmn sonsteafliber, selehyaisdating sregtfods carsilagbé i ght

20 fro for exanple,. a | r.laser, to patternw se expose the donor can
be  aduant SRS siage BrmeRerindEet Aty uba Msrarl A SHRPHEE cAHIBTELN be
achi eved. Fhgmamict SrapbushaPLhehied HBcdnkanSTPIhEshsRALEETAER tHat caRbl | NE,
circle, square, or other shape) can be controlled by, for exanple,
sel ecti ng ubal teisglectofelyt Ineat h idginir). bateriat fremghp theoma tpasfeetayer aah behe | i ght
beam the dLir ation of .dir %\ct ed beam ﬁont act with the therna] mass transfer
selectively transferred to a receptor 1n this manner to imagewise form patterns of the
transferred material on the receptor. In many instances, thermal transfer using light
20 from, for example, a lamp or laser, to patternwise 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 thermal mass transfer
25 element, and/or the materials of the thermal mass transfer element. The transferred
pattern can also be controlled by irradiating the donor element through a mask.
As mentioned, a thermal print head or other heating element (patterned or
otherwise) can also be used to selectively heat the donor element directly, thereby
pattern-wise transferring portions of the transfer layer. In such cases, the light-to-heat

30  converter material in the donor sheet is optional. Thermal print heads or other heating
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25 el enent, and/or the materials of the thermal mass transfer elenent. The
transferred pattern can also be controlled by irradiating the donor

el enent twoowg$rsss nask. As nentioned, a thermal print hea#Comsorésass heat i ng
el enent (patterned or otherw se) can also be used to selectively heat the
donor elenment directly, thereby pattern-wi se transferring portions of the
transfer layer. In such cases, the |ight-to-heat 30 converter material in

t he donor shamhtsirfayipd patiadlarlylhetetdddr making ldveadsotitioatpatemb efitnbtegal &6 WO
02/ 087894 PCT/ US02/ 08794 el enents na¥ be particularly sujted for making

| ower r esolfQftRagampne Ylements yhossplaggmgnt peed rrog pe practselfiontiobtdkenent s whose

pl acement need Fﬁ’%lspe? l%ﬁgée Pais%.b%(%&h%@}ref gr(t:){nl-rcglcg]l'a; gl?eretsl ifdut s&@é?iv@fﬁ/z o be

transferred from donor s W thout s transterring t

transfer | ajssferrin@itheikaisfdrdayed Foraoxai@le, h ayasfeciaperizan be foratdon aalolonor 5
substrate that, in essence, acts as a tenporary liner that can be rel eased

af ter the sbstigledhat, ingpaance.gcnpdemperanyoingr fhat eyt b rebaasrst after the trapsfezal | y
wth the ap, ﬁf' 1%%5)118 ed fto Q?e%%%tgpg{bggatfgﬁir%gl S?gp%%bpﬁgﬁfoﬁlmbatra%%y ed to

as | am nati ranster, can use ransfer |ayer,

or a | arge ppgsire.oBuéthemeniod, fefericdeo bekafihnion tlhefeRde boisdd o tiaBsfenhs s
transfer can vary depending on the type of selective 10 heating enpl oyed,

the type ofntiferteaasfar layer, PFa lasgapardoniissed to He 1§ the type of materials
and properties g o%e%ﬂﬁe?xﬁ?ﬁl mik fanb @Y &lory hﬁﬁxgﬁlﬁ%ﬁtﬁ?ﬁ@é %)@%)ezec('ginet he

th
transfer Iayer,fn?ﬁne overa construction o

recept Qb shbgingaihtploypddihe e dfi@adiatii ifasdd tolesposeghd @orde, thotpd opy any
t heory, transfer generally occurs via one or nore nechanisns, one or nore

of whi ch maptgialendmaeperees drthaeptiomphbElCdayeathe BHipe Db maggriads invlee transfest er

SSPENI 10, Ged TR O R SRS HFE GRS RSO s, 5,

| ocal i zed Iveiiduf rishing faebe bduRd bpagy hebMeemstdigehdranyvtcuty vindheor mapeer and
the rest of the donor element can | ower the adhesion of the thernal

transfer | &yechanigng leae domere ¢fwhigle mag be gmpbasazdden sle-eguhesizeddysmgt i ons of
the thermal .transfer.layer .can adhere to,f.he 20 receptaor. nmore, strongly than
o t he onsreef et et AR ¢RE o IRaEnE rbRUie™, SRl Riofhaf ey
portions oiorehfechimfiaof thdra¥ans RMcudes tHeh@al 1B6IRRE X trardR@ tWRfebfeCchani sm

of thermal transfer includes ablative transfer whereby |ocalized heating

can be usedpcebzeddishtingatibe trterfase betwere thertherafad trangfrdpyesfand dfe reieof dnor
 STEnt BRSPS AT WA GE BB 7
selected locations. Selected portions of the thermal transfer layer can adhere to the
20  receptor more strongly than to the donor so that when the donor element is removed,
the selected portions of the transfer 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 of the donor element, thereby directing ablated
material toward the receptor. Yet another mechanism of thermal transfer includes
25  sublimation whereby material dispersed in the transfer layer can be 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 thermal mass
transfer donor element can be used to cause the transfer of materials from a transfer

30 layer to receptor surface.
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25 sublimation whereby material dispersed in the transfer |ayer can be
sublimated by heat generated in the donor elenent. A portion of the

subl i mat eslomavemsdeal can condense on the receptor. The pre€emiSol/esrent i on
contenpl ates transfer nodes that include one or nore of these and ot her
mechani snms whereby sel ective heating of a thermal nmass transfer donor

el ement can be used to cause the transfer of materials froma transfer 30

| ayer to recept orvasiety dfaadiatloh-Wbithag QRitG94aired (144903 heR ARekmalmusy tr&ifsfer Of
radi ati on-emtting sources can be used to heat thernal nass .transfer donor

el enents. ReRorsiments- thos analog teshpigues (¢-coeypaiwethrenghafHas) nghpowered
hi gh- Ligh 2.k aser.
R e R e e

useful . For ues, are ul travi ol et

| asers ar etdensilgiésyindfaked, uisitflelland Suitdvedittdaderd @6 pasiculacly wesful. fSuitabkanpl e,
hi gh power (>_ 100 mW single node | aser diodes, fiber- coupled_ |aser
di odes, 5 anthsetis depdudsy fpssyamplei bigh pawer Gak¥rmsW)esingle mude aaes diedpsNabert F) .

Laser exposur wel |..tJmes .can, var i d r.o or . e f

nandr edt he coPredrr ditdeband teriSimbelsOfi Hels Bt ad % YaRe Fra g YL,
fluences capsep ‘é)gd%ufehﬁvdll?tﬁﬁ(@s can"aRy widely ARk exardReW fed: Bihdt<tagut 5
J/cn2 or nore. her radi ati on sources and 10 irradiation conditions can be

sui t abl e basadsesnndsanteng ofntierosedendger, motseaniblasar flalengrsgan be oribe rangei on, t he

transfer layer .material, th de, of _theryml nas ransfer, and other such
factors. \HER FghaspG a0 Tanaoa SRy ae QPG gaqiaist solfira

pat t er h NQ; ] @RRABnditiOhs (indR sulthIE BRel O, SRS EHherthiiRh a1e et eRinlt@ such
applications) over |large substrate 15 areas, a |aser can be particularly
useful as témstmetibnathiegransteutayer masel; theonodsesf thermahinaes transfpamidisitleerwi t h
both | arge rihgfid substrates (e.g., 1 mx 1 mx 1.1 nmglass) and continuous
or sheet ed§5 A7 bst rates (e.g., 100 gm thick pol yi mi de sheets). During

i magi ng, the theyimlhifP§Pt pladfabifacirfdyR HeGRA (Qg.,wheﬂgmeﬂlm QlenfintdTaLt €

contact with a receptor (as mght typically be the case for tThernal

mel t - sti ck fdrhaglsihéornatGomeaitentidsspddys end pther suthrapplicatians) avenlsgesubgitaterent can
(as can be the case for ablative

be spaced sone c]i stancga from1 ﬁhe ﬁlﬁceﬁ]t&or % fL 'i
transfét mBEARA TE CBYOTRATL ALY ISt P TPYAURT SHEGCe LAY RUTPE AP0 1 at
| east Soneférrﬂ;éétﬁ)@&@ﬁh bBthAarRe" icPEub‘éﬁ&tHé’{th?a m PE '29% fnth %@ésg ahd1e thermal
transfer elenent 1n I ntinate contact w t he receptor. | one | nst ances,
a mask cancheinbacadhbatdvim stttseratehée.gnl 00 panthick poblimidersheats)d t he
During imaging, the thermal mass transfer element can be brought into intimate
contact with a receptor (as might typically be the case for thermal melt-stick transfer
20  mechanisms) or the thermal mass transfer element can be spaced some distance from
the receptor (as can be the case for ablative transfer mechanisms or material
sublimation transfer mechanisms). In at least some instances, pressure or vacuum can
be used to hold the thermal transfer element in intimate contact with the receptor. In
some instances, a mask can be placed between the thermal transfer element and the
25  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, radiation source can then be
used to heat the LTHC layer (and/or other layer(s) containing radiation absorber) in an
imagewise fashion (e.g., digitally or by analog exposure through a mask) to perform

imagewise transfer and/or patterning of the transfer layer from the thermal transfer

30  element to the receptor.

18



25 receptor. Such a mask can be renovable or can remain on the receptor
after transfer. If a light-to-heat converter nmaterial is present in the
donor, rawpDabiogms9sour ce can then be used to heat the LTHEcCrayer/og7and/ or

ot her layer(s) containing radiation absorber) in an inmagew se fashion
(e.g., digitally or by anal og exposure through a nmask) to perform

I mgew se transfer and/or patterning of the transfer layer fromthe thernal

transfer 30 el emgpically) stlbeted pORIONO bf thd Grai¥PeOid) 8¢S BdnsRETdUGHR 188k
Typically, selected portions of the transfer |ayer are transferred to the
recept or  wiwitheut transfardngsignifigans pgrions e e gl davsrssoighe theamelpass tapsfer s of

t he thernal e . e| ' | r or LTHC
| ayer. Theelﬁi%ggﬁléeh %f% B%ﬁ%tloglﬁf {Eg%gaplels#fllfhre}??é{}gg ?nlg{/bg%?lh? hgtihgo ﬁgr?agduce t he

transfer ofinteidyer mal ehim@masy redide thayaisférofnterfal freaept OTHEaedo theduce
distortion in the transferred portion of the transfer layer. Preferably,
under i fragresgpienarrl/er tefuce distartiontie Siedransferred godion; of bk transfeslaysyer to t he

LTHC | ' h | f. | I f
ayer. - hePnaad: affr bolnd S OEHEd G A bR Fechfernd R 70r e

to i magi Ng UTa Rléras greatd thaddhe RehebidRAf tHR infetl@Vt@d theQfanefeh Ry SEhecont r ol
the level of inmaging radiation transmtted 10 through the donor and/or to

nmanage t enpeedaygr ean Heriransmisgbyigorefle¢tbie, andderrbeomptve tdigaging adiptien, apd
radi ati on-based d to, the . transfer. l,aver durd.ng . i.na.. .Ml ti.pl.e
el oy SATES AT Ml o Btieh BB ket NS el e P B RE o IR

i ncl udiipg ki EPihe UbAGISIB/or tehanBIRttemb&aturdiay thd @G, forddinWldiolredidgensi ons

of a meter or nore. In operation, a 15 |laser can be rastered or otherw se
nmoved acr oshermakor radigiéon-baseddpmagatodheiransier dayer dunpgimagirg rMplipigy

sel ectiveli/ orierat ed.to iIItum' nate portions of the thermal transfer el enent
accordi ng tETYGERPREPFSt ern. Alternatively, the |aser may be stationary

and the ther Ml atdeaRGhl rMsEFRINma BIbe REE RhHIdifY Bfdihal tangeyed beneat h
the laser. In sone instances, it may be necessary, desirable, and/or

conveni ent element thgdaeantengthl apdysidth dimensionsnfa reter ermpre. tlheperation, pansf er

elenments to formelectronic, devices on a receptaor. F e | e L tiple
Cayer devi e calbegastors e vgliss Ve wreio i B dbarie g mendbs, at e
stacks of hayessnd sedsmidelfopeanid th MBmMMhtetportittk SF thetth &R tiansfddérhéy er
stacks can also be transferred as a single transfer unit froma single

donor el eneexordifg to astesmet] patternh dligmatiselspbe lasgrapay bestdtienarpaidtheed LEP
layer thermal transfer element and/or receptor substrate moved beneath the laser.
In some instances, it may be necessary, desirable, and/or convenient to

20  sequentially use two or more different thermal transfer elements to form electronic
devices on a receptor. For example, multiple layer devices can be formed by
transferring separate layers or separate stacks of layers from different thermal transfer
elements. Multilayer stacks can also be transferred as a single transfer unit from a
single donor element. For example, a hole transport layer and an oriented LEP layer

25  can be co-transferred from a single donor. As another example, an oriented
semiconductive polymer and an emissive layer (oriented or not) can be co-transferred
from a single donor. Multiple donor sheets can also be used to form separate
components in the same layer on the receptor. For example, three different donors that
each have a transfer layer comprising an oriented LEP capable of emitting a different

30 = 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,
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25 can be co-transferred froma single donor. As another exanple, an
oriented sem conductive polyner and an em ssive |ayer (oriented or not)
can be covomans®Berred froma single donor. Miltiple donopcshseres7ean al so
be used to form separate conponents in the same |ayer on the receptor. For
exanple, three different donors that each have a transfer |ayer conprising
an oriented LEP capable of emtting a different 30 color (for exanple, red,

green, andabbtiéited eshdaetivs@Geinfcon@idtive@Blyine:chh ke pattdthed e icgmsl ttakfea f ul |
color polarized light emtting electronic display. As another exanple, 19

WO 02/ 0878 Gempen/dggon folioro byselestive theanaldrnslige of pisgive yaisdioneore o e

pol ymer can be patterned yia_thernal nsf from.one r | oned by
el vot ve. Tiocs olE dPanap apindp UFRERog Ut G Res 1 A AFBAD" 4P S0flanahl ey

donors to &einipla, 1RYers firiokganif trddkistadevirCiaspatiermad By SBledtive thernsdl truhsfarudt her
exanpl e, layers for organic transistors can be patterned by sel ective
t her mal 5 t r alsstraricadly asties enganie materials/(ozenied or spidafallewadbr peledgtae (theimalt ed or

not), followed by, selective thernal ansf.er patterning of, o or nore

o xel or s mReGEEEY S of BN ReLd SRR BT TP & P PR <t ve
al i gnment  bLakeHe layeRa b@f eldligneBR Thydra ¥ Biie trah§otIa¥es, leRYGb8e 12968, aniihe | i ke.
Materials from separate donor sheets can be transferred adjacent to other
10 materi athe like. a receptor to form adjacent devices, portions of adjacent
devi ces, or di rent .portions of the sane device. Alternatively,
materials from Ay %glaosﬁ%arra e_gﬁg%rt%’?%tﬁﬁarb%e ttr?rgﬁegfeélﬂd 6%3?8 Ty on top
of , or 1§ N RRAkdHaf orOVREEPENS 529 hdhécht HONcH pottionPdMRljackRY RN feQlormat eri al s
previously patterned onto the receptor by thermal transfer or sone other

met hod (e. differgtpogions hbdeaphy dedepodlteinanvealyymuaighala fromesgpavaiealokor et c. ). A
15 iety of oth f t .e thermal t fer, el t
can be. usLHREls Co GF ARES0] SESCTY S8R Fb Rl DS fPRPREFEUAROR Sl ng ane. or
nore porti giRr Bferds BE matt@MlsGReviblislihhtterRQ 6l BleSTEQPEbrYAherflad@inshRIr 1 ONS Of

these devices, Or other devices on the receptor, nmay be formed in whole or
in part bysengother mathod (pgopkasslithagtaphly, sigpospivat thrdugheghadthy magh, sbeks ses, i nk

I R A E s R
various | ay&hsa @dvid8achNREARI trARIS dISrAdH ffsimifO BRY or BbRPIMork}P 1M | | now be
descri bed. The donor substrate 210 can be a polyner film One suitable type
of pol ymer device. It will be understood that other portions of these devices, or other devices on
the receptor, may be formed in whole or in part by any suitable process including
photolithographic processes, ink jet processes, and various other printing or mask-based
20  processes, whether conventionally used or newly developed.
Referring back to FIG. 2, various layers of the thermal mass transfer donor
element 200 will now be described.
The donor substrate 210 can be a polymer film. One suitable type of polymer
film is a polyester film, for example, polyethylene terephthalate (PET) or polyethylene
25 naphthalate (PEN) films. However, other films with sufficient optical properties,
including high transmission of light at a particular wavelength, and/or sufficient
mechanical and thermal stability properties, depending on the particular application,
can be used. The donor substrate, in at least some instances, is flat so that uniform
coatings can be formed thereon. The donor substrate is also typically selected from
30 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

20



filmis a polyester film for exanple, polyethylene terephthalate (PET) or
pol yet hyl ene 25 naphthalate (PEN) filnms. However, other filnms with

suf fici enwoopismsad properties, including high transm ssi orCofUush2/gith4 at a
particul ar wavel ength, and/or sufficient nechanical and thermal stability
properties, depending on the particular application, can be used. The
donor substrate, in at |east some instances, is flat so that uniform
coatings canLireid RiéRAn b RE&DI. instiiee RAbstEIOEbMmAeat gehemt&intthepLTHL Y
selected from 30 nmaterials that remain stable despite heating of one or
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LTHC | ayepedsed. ng i magi ng. The typical thickness of the donor substrate
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or thinher donofhe mssariads ussd tfprmizhe deray substratrcandeanenptignd adieentt o form t he

donor substrate and an optional adjacent. nder | ayer can.be selected to
 mpr ove. aaHBS e REr e RE MsnEpv<itistion PENERn s donS b e gag e
control heahddr[a36S RPEIntIBEhNE BEndpbfR betsthrtad Subdfste bh@ tHenFEENR¥E o cortrgiont 1 ol
i maging radiation transport to the LTHC | ayer, to reduce inagi ng defects

and the |i kmagingradggsion draaspopt torthenyTHE\layer ctareduee imaging defepls andite likei f or mi ty
during the ,coating of .10,subsequent .layers onto the .substrate.and. al so

i ncrease tﬁé‘%&?ﬂ‘%r?dln%’f’g Y5t Wnﬂ”@t%g(ého %‘ﬁrgased&\%lrmgﬁgg??%ﬁgcg%&lga j acent

| ayer s 1o Ans@RbhRaelayia @atd BY Slibstrate 08 %1588nGeRL et BindH \Rienbthdetl &R WS d
between a donor substrate and the LTHC | ayer, for exanple to control heat

f 1 ow bet wedonarlsebststdatdradjasentrdyerhe LTHC | ayer during i magi ng and/or to
provi de nmechanical stahility to t he donor el enent for storage, handling,
donor processi né?_%i‘ﬁpgrunﬂﬁ%@?eﬁég%% .F%arsleJBIfOt.Efﬁ“i‘ 18”&%‘%@%%%‘}3 and
met hods of 3oy @wLGHHg MUARE L FWET Byd! for Gk HHPRIS dontfol Bat RV b&WESh #eS. Pat ent
Application Ser No. 09/743, 114. ¥he underl ayer can include materials that

i npart desbubstratvent sl CEHCdaykt dnring ineagieg angl/ @rpe praveds mechahwalktatnlitydd enent .
For exanpl gﬁ& he under | \éer car}}ia}cl ude 20 nat.eriq%bls t hat. exhi bi t1 a |l ow
speci file h&%tdopoy ﬁ’%‘F’P’;ﬁa" HAFSP: 1B h EPAYI PREHIDR T Y58 atFYRPED the
donor subsif @ligbleHABrARrHAShAYRS of RVl g hR88HdyersaRCAiBAsRdNgab- Tl ow to
the transfer layer, for exanple to inprove the ifmaging sensitivity of the

donor. assigned U.S. Patent Application Ser No. 09/743,114.

The underlayer can include materials that impart desired mechanical and/or
thermal properties to the donor element. For example, the underlayer can include
20  materials that exhibit a low specific heat x density and/or low thermal conductivity
relative to the donor substrate. Such an underlayer may be used to increase heat flow to
the transfer layer, for example to improve the imaging sensitivity of the donor.
The underlayer may also include materials for their mechanical properties or for
adhesion between the substrate and the LTHC. Using an underlayer that improves
25  adhesion between the substrate and the LTHC layer may result in less distortion in the
transferred image. 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 physical distortion exhibited by transferred portions of the transfer layer. In other
30 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
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The underl ayer may al so include materials for their nechanical properties
or for adhesion between the substrate and the LTHC. Using an underl ayer

t hat i nprwoes/ngBdadhesi on between the substrate and t he LPETUSayes79418y
result in less distortion in the transferred imge. As an exanple, in sone
cases an underl ayer can be used that reduces or elimnates del am nation or
separation of the LTHC | ayer, for exanple, that m ght otherw se occur

duri ng i magnag gap between dayers duedpamagihg that am predidea thérenahimsulating Gfincpbry si cal
di stortion _exhibited by transferred portions of the transfer layer. In
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prompte at pl, %@éératéﬁ?ﬁ‘y’ heﬂg%g%ﬁngﬁ%?ggﬁ%%%@@%d Bh h @&y during

i mgi ng, for“exanple’to e Us02/ 08794 an air gap
bet ween | ayeydeditoiferger imagingglefdesst can provide a thermal insulating

function. Separation during |nmaging,. al so provide a, channel for the
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under | ayer e su ansparent at t gl ng wavel ength, or
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radi ati on. Attenuation and/or reflection of imging radiation by the
under | ayer ERREFARN ERG IM38WENt rol heat generation during i maging.

Referring again r - i mal
mass 10 transf ge?eéﬁ lé%%%%mgﬂdt_ég% p}r“giggnl? %i]r%\}g%?? gﬁlﬂtcgﬁcl%%ggﬁghﬁhrlra |Eati on
ener gy 1o nt erahdfer dler@enmbf thepadgssitanvailtionen toupldieradibtion leastey imo efeaheariay

i ncludes a radi ation absorber that absorbs incident radiation (e.g., |aser
li ght) andtepHeislement TheddiHGlayerprpisrby inchides fEadipdion apsribelithdlRbsdiPD heat
to enable t . of | . er el enent
to the r oc st Rlilan (B8 14BNl arldRlerdd Wb EporiSh Plncifdiad b7 ©) 272!
absorb |i ghddiationtifi® heatforenbisid trausfet &l tRe tramudértyen filobrithic dhedinal €arisésrs of t he

el ectromagneti c spectrum and convert the absorbed radiation into heat. The
radi ati.on &ls8wnbrtheEaceptionl s are typically highly absorptive of the

sel ect i magi n at.d . vi.di ] i i.cal
densit §gat t he \g\}/ae\gllgﬁ%elg941 %pdgfaq{oﬁgb?dgg%@ﬂgn lr-h-agmqa}{[(?gaﬁé{ %ﬂsgﬁeﬁéhéﬁg@eof about
0.2 to 3 olinf2led)ividilsie, andWr ubtedvisiertsgibis 6f tha eledymadrfetit Beclifmalndtodnvat ue of

the logarithm (base 10) of the ratio of the intensity of light transmtted
t hr ough t héhg ahyerbed sadigtion;iptodisat. tThegpdiptigabsorber materials are typically highly

absorptive of the selected imaging radiation, providing an LTHC layer with an optical
density at the wavelength of the imaging radiation in the range of about 0.2 to 3 or

20  higher. Optical density of a layer is the absolute value of the logarithm (base 10) of the
ratio of the intensity of light transmitted through the layer to the intensity of light
incident on the layer.

Radiation absorber material can be uniformly disposed throughout the LTHC
layer or can be non-homogeneously distributed. For example, as described in co-

25  assigned U.S. Patent Application Ser. No. 09/474,002, non-homogeneous LTHC layers
can be used to control temperature profiles in donor elements. This can give rise to
thermal transfer elements 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.,
30 visible dyes, ultraviolet dyes, infrared dyes, fluorescent dyes, and radiation-polarizing

dyes), pigments, metals, metal compounds, metal films, and other suitable absorbing
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incident on the |ayer. Radiation absorber material can be uniformy

di sposed t hroughout the LTHC |ayer or can be non-honpbgeneously

di st ri butwad.o2®gmexanpl e, as described in co 25 assi gned BCHUSPztsSM
Application Ser. No. 09/474,002, non-honpogeneous LTHC | ayers can be used
to control tenperature profiles in donor elenents. This can give rise to
thermal transfer elenents that have inproved transfer properties (e.g.,
better fi deddtdrials. (Riangies dfvaititié exditeidntabsorbére indbadek esitben Bladk anétalal t r ansf er
patterns). Suitable radiati on _absorbing materials can include, for exanple,
dyes (e.g. oxmes.andmstal sylfides. One example af a gyitable L HACdpaven cywglude pyor escent
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i ncl udeSa epiaplerhlacksaleminen der Bty oridizgdalampupykavingsyblackyeised or gani ¢
pol ymer. An rSui I i ] oxi de
Formed as AoAries) {bfctink Hlat B BoubP ntiRy RPKRlncby IRMAGLEE bt Y

oxi di zed abhyrbiékanipre is?@teainglaaa kvaposdtie depeuiia. ameRdulatdedatings magnd met al
conpound filnms may be formed by techniques, such as, for exanple,

sput t er i ng farmedesmgerhinder and eposiitablsdry pawe coating techwigngsndsl Hialayses cahor med
usi ng a bingde nd suiL.tabl e dr [ i hg.techni 4L THG | ayers
can ai'so. BEoPEIMEARy SR fu® blmsls U cIRRR A GER SR R Ak T o
or di sghm Inditeribds. fI&ir%i_kmﬂ*)l%,- alf OTHEX @y8Bkcén béforletiby vay@depavitiniea fhad riper by
vapor depositing a thin layer of black alum numover a coating that

cont ai ns caf bleek plugdiurd osgrosendting that penizias carbey blgcls dispesod én # bindgise as

radi ati on absorbers i. THC | ayer.. may b r.es i articulate form

i ssol ved n a BoFuesChE of P e TP huPedBe R AT e BRI D1 naer
material . YheRuliesoahsEssobaidtih @ Birtlef mattfiaBlor afeaR paRARY AispérSedmetbinddie
particle size can_ 15 be, at least in sone instances, about 10 mor |ess,
and may bemuateisl. Whendispersed parSoplptglypdiatigreabsprbersiate usddothe pastisde sitgaganabsor b

in the IR region of the.spectru specjfic e y,be chosen based on

{ 2ot or 45 s ub i 0eas g samR FEgeeh A0 0uRBE eb nd fipy BRAPRY I8 ST o bi nder
and/ or coakifigh1e @l esGRlludého¥Edyes At Blkk%rty‘ﬁlvtﬁleﬁ@%gibr[ 84E sftictru@dD ST ption. 20
Pigmentary materials may al so ‘be used in the LTHC | ayer as radiation

specific dye may be chosen based on factors such as, solubility in, and compatibility

with, a specific binder and/or coating solvent, as well as the wavelength range of
absorption.

20 Pigmentary materials may also be used in the LTHC layer as radiation
absorbers. Examples of suitable pigments include carbon black and graphite, as well as
phthalocyanines, nickel dithiolenes, and other pigments described in U.S. Pat. Nos.
5,166,024 and 5,351,617. Additionally, black azo pigments based on copper or
chromium complexes of, for example, pyrazolone yellow, dianisidine red, and nickel

25  azo yellow can be useful. Inorganic pigments can also be used, including, for example,
oxides and sulfides of metals such as aluminum, bismuth, tin, indium, zinc, titanium,
chromium, molybdenum, tungsten, cobalt, iridium, nickel, palladium, platinum, copper,
silver, gold, zirconium, iron, lead, and tellurium. Metal borides, carbides, nitrides,
carbonitrides, bronze-structured oxides, and oxides structurally related to the bronze

30  family (e.g., WO,) may also be used.
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absorbers. Exanples of suitable pignents include carbon black and graphite,
as well as phthal ocyani nes, nickel dithiolenes, and other pignents

descri bedvon2/B7894 Pat. Nos. 5,166,024 and 5, 351, 617. AddipCirarsat/08794 bl ack
azo pignments based on copper or chrom um conpl exes of, for exanple,
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cellulosic.e rs and es ers nitr and RQ te SU|tabIe
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can be o pokypIBiike®dAQhitiles SicRSS photsRitiatdid eyl a\r@%esluelhdaﬁton‘aamtdn tiators
may al so be included to facilitate crosslinking of the LTHC binder. In

sone embodirasslinking oféhg L hHE binderp in saime ¢r;xbcfcbmﬁ@@, thg bmdgr i prioearily fproed

crosslinkabl.e nononer oners onal

i ncl usi on 8FM&2FREMES Icé%sf(@(ﬁbgsrpﬁ"o(néerﬁ Qg??él}e)rs %9 P%ﬁ@%‘yﬂ}% at | east
some instances, ThdchAidrosMRRe@ndpastic reshf f BRKtiinpfove/id/aPleast
coatability) of the 15 LTHC | ayecﬁpqzal It is t@hrgguﬂ){lﬂfrﬁat 'rya tgher nopl astic resin

may i npr oveomhelsmh@sﬂmmedbrmme (tgH@amSé«;@mpqytl@md&yﬁoatalslhbfs)pf tHeee. In one

nmbodi bi h t wh
cal oul a1 b TERT e s hsiEpt PEs e e Fieb SRV iack@BaR LIRS0 1o s
W % t her NMPIERS faby6r th B dbnoRbitaHE@ Ih ONEEmBSTRMBAES tHRfbikdee iHBARIeass k50 1 esin
may be used (e.g-, 1 to 15 w.% . The therrr%gl astic resinis typically

chosen to 4. "/Q(Jexcblmthb bavgrit when chlgnlating waighppersentcibatmordastio mgsimiand, t he

other mat er1.3Ire tlergbl(})/,f to 45b w{%eiflermoplastlc resin, although lower amounts of thermoplastic

resin may be used (e.g., 1 to 15 wt.%). The thermoplastic resin is typically chosen to be
20 compatible (i.e., form a one-phase combination) with the other materials of the binder.

In at least some embodiments, a thermoplastic resin that has a solubility parameter in

12 172

the range of 9 to 13 (cal/em®)'”?, preferably, 9.5 to 12 (cal/em®)', is chosen for the
binder. Examples of suitable thermoplastic resins include polyacrylics, styrene-acrylic
polymers and resins, and polyvinyl butyral.

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

30 LTHC layer can be coated, in at least some instances, to a thickness in the range of

0.0005 to 10 pm, and preferably, 0.001 to 1 um.
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In at | east sonme enbodi ments, a thernoplastic resin that has a solubility
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ext ent 1p hatind BNdeEsostandally fnsi@rddesdti Megansenaienct i onal . The interlayer
typically remains in contact with the LTHC | ayer during the transfer

process 10 and Suitalde insertayersrin¢lads, yortexamplee polymenfitns, mesaltlaygrsstea, | ayer .

Suitable interlayers.include, .f.or exanpl e, pol . films,. . netal layers
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silica, titania, and other netal oxides)), and organic/inorganic conposite
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t her noset an er.nppl astjc terials., Suitable.therposet naterials
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The t her mosreludieg, &ni ritdimitedyto posshinkasioramesslinkabld piiacrdstes, as, for exanpl e,
ther nopl as %B%Eh%%%ﬁﬁgst Is)ol?lgsqers, epoxies, and polyurethanes. The thermoset materials

may be coated onto the LTHC layer as, for example, thermoplastic precursors and
20  subsequently crosslinked to form a crosslinked interlayer.

Suitable thermoplastic materials include, for example, polyacrylates,
polymethacrylates, polystyrenes, polyurethanes, polysulfones, polyesters, and
polyimides. These thermoplastic organic materials may be applied via conventional
coating techniques (for example, solvent coating, spray coating, or extrusion coating).

25  Typically, the glass transition temperature (T,) of thermoplastic materials suitable for
use in the interlayer is 25 °C or greater, preferably 50 °C or greater. In some
embodiments, the interlayer includes a thermoplastic material that has a T, greater than
any temperature attained in the transfer layer during imaging. The interlayer may be
either transmissive, absorbing, reflective, or some combination thereof, at the imaging

30 radiation wavelength.
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20 subsequently crosslinked to forma crosslinked interlayer. Suitable
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transferred. For exanple, the interlayer can act as a thermal diffuser to
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transfer element to imaging radiation. For polymer interlayers, the thickness of the

20  interlayer typically is in the range of 0.05 um to 10 um. For inorganic interlayers (e.g.,
metal or metal compound interlayers), the thickness of the interlayer typically is in the
range of 0.005 pm to 10 um.

The interlayer (or other suitable donor layer contacting the orientable material

of the transfer layer) can also serve as an alignment layer for orienting or aligning

25  transfer layer material when oriented materials are to be transferred. For example, the
interlayer or the LTHC can comprise a polymeric material that can be mechanically
altered, e.g. by rubbing with a cloth, to form a microscopic alignment structure. This
method is similar to the manner in which a polyimide layer is rubbed by a felt cloth to
provide an alignment structure in LCDs. Although polyimide is the exemplary material

30  used in the production of the alignment layer in LCDs, the primary reasons for using

polyimide in LCDs include the innate resistance of polyimides to the common liquid
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enbossing the Iayer against a mcrostructured tool. In this nethod, a

t her mopl as mleroemrq@ned tqoh uaddr dgetrand/on DERSSUSE.ARGHIPON seRsrationtaddhe wi th a

m Crosﬁgnljcﬁureg laa 'dqge {oop%ﬁélpﬁggs/tr%%tu?res "é u?def’%ﬂge% ?Sﬁ%%r ation of the

15 the oGl EOTRYCHO%t I'S” I mpar to the
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di sposed between a mcrostructured tool and the appropriate |ayer of the
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| ayer.

form a microstructured interlayer or LTHC layer.
Another method that can be used is one that can impart an alignment structure to
20  acoating disposed on the interlayer. A class of materials commonly referred to as
lyotropic materials exhibit the property of aligning themselves under shear to create a
microstructure capable of providing an alignment layer or matrix for liquid crystals,
dyes, polymers and the like. Some coating materials can be oriented by use of a coating
method that produces a shear field in the coated liquid layer. Upon drying, the coating
25  can be a suitable alignment layer. Many coating methods, such as knife coating, mayer
rod coating, and certain types of roll or gravure coating, can produce alignment layers
using suitable coating materials. One general class of coating materials that are
orientable in this manner includes lyotropic liquid crystal materials, especially those
that form nematic structures.
30 Referring again to FIG. 2, a thermal transfer layer 218 is included in thermal

mass transfer donor element 200. Transfer layer 218 can include any suitable material

27



Anot her nethod that can be used is one that can inpart an alignnment
structure to 20 a coating disposed on the interlayer. A class of materials
comonl y wefoensmadto as |yotropic materials exhibit the pcopsotys7of

al i gning thensel ves under shear to create a mcrostructure capabl e of
providing an alignnent |layer or matrix for liquid crystals, dyes, polyners
and the |like. Sone coating materials can be oriented by use of a coating
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the coating 25 can be a suitable alignnment |ayer. Many coating nethods,
such as knimateriagat Fransfertayea218 iseppablgof hene selactiveht tatsfarsed@s agpitopim  or

gravure coat|i . I 3 i ot ting

Tac or al 5. BoiiSRy bf A, REGBHfndiet AT BB fre JRbPRCNITOERR 0P, 1

t hi s mannedirbdtGleatiifSor ty dhaging eadiatipni that@hy B absofidesyi 1adhs-to-hepechwdriey t hose
that formnematic structures. 30 Referring again to FIG 2, a thernal
transfef | spgriabaml capvered indeleatn t hermal  mass transfer donor el enent 200.

fef | ._ ! rans
pCTT Usoz/ 0ayon  10F PRaPs SR GO BB E P SE] e inflol A RGN, |

conbi nat i odrivhthble @ldd@6nicAlBE Rtiva bEsanitrradieifl] ndndel an 3di8nted oCorxaipdbee of bei ng
selectively transferred as a unit or in portions by any suitable transfer

mechani sm @fganicdnesHvh@pteapkans/nr cogduskiye e semigondyicti e poliiagt i Grersed t o

i magi ng radi atdi on that .can b bsor be | i.ght -t 0- he £ 5

mater | o - aNaRLEn Ry o s el BT PGS sk b ViR oS E it e
transfep | awgissidnahat BROWSRSIlIAsrAE heNbRi R origitidOirakif@ 18)eealat@niscal |y
active organic material, nanely an oriented or orientable organic em ssive

mat eri al amighirbecmedisdt i ve or semi conductive polymer. Oriented transfer
| ayers can be provided .i.n various wa one-.of which are described in the
10”a scussi on ¢ ARt Prarrtaectgn B RotP iR e VRN L bl PO G et F51 R anet o
| ayer mat ejgpl EOnerW@héfﬂi@vi@fﬂg%t&iépteamﬁmhﬁﬁ%ﬂaéf':ﬂié&i?tdogﬁhglﬁm&ﬁﬁb@é es a
transfer layer that includes an oriented LEP. e way of providi n& an
n

ori ented LEBPiangmart alignmepe faypwofithe derwri sygh amtheralignmany] iaterlpyems omk bH

align t | ayer, of .t he, donaor,..suc t he. al i t interlayers or LTHC 15
Ty or s Thes ABFetrserinsd aoT Toith Wttt i WieBlab R bop € Sl AN Bye

sol ubi | i zegddd¥ion 88 kililaBl mpatibléi oBRhe af@BRMEd t6 tfedlisaitent 18 b§@pined ont o

the alignnment |ayer by spin- coating, gravure coating, mayer rod coating,
kni f e coat coajingngraveng coatieg, mpyer rodIcoeting, knife coating and the like. The solvent

chosen preferably does not undesirably interact with (e.g., swell or dissolve) any of the
already existing layers in the donor sheet. The coating can then be annealed and the

20  solvent evaporated to leave a transfer layer oriented by the alignment structure.

Another method for providing an oriented LEP transfer layer is to coat the

orientable LEP onto an active alignment layer that is also part of the transfer layer. An
active alignment layer is a layer that can be transferred along with the oriented layer
during the thermal transfer process, and becomes an integral part of the finished device.

25  For example, an active alignment layer may be comprised of a hole transport layer, a
layer having fluorescent and/or phosphorescent moieties disposed therein, a retarder
layer, a layer having a high level of birefringence, a polarizing layer, or any other layer
which may impart some electronic or optical characteristic to the finished device. In
this method, the orientable transfer layer material can be solubilized by addition of a

30 suitable compatible solvent, and coated onto the alignment layer by spin-coating,

gravure coating, mayer rod coating, knife coating and the like. The solvent chosen
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chosen preferably does not undesirably interact with (e.g., swell or
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transfer kraysderredriniits orisnteddtatmip mcqjml‘tb}'cﬂppbﬂmg/h@n pmdéer presspeenilndhis on
transfer methods 15 or nt abl e tran er. i s .coated onto a
donor - Substidr £6 B Baa ey e LR eRR P ERPE B bt AR BRB L o or f ent
the orientaplRufel ansfer layer, and the transfer layer is
20 Still another method for providing an oriented LEP transfer layer is to form the
transfer layer on the donor and then mechanically rub the LEP layer with a cloth, felt, or
brushes, in a particular direction to impart an orientation to the layer. In this manner, a
surface structure is imparted directly to the rubbed transfer layer material. Polarized
light emission has been shown for rubbed LEP materials.
25 Still another method for providing an oriented LEP transfer layer is to dispose
an orientable LEP material in an orienting matrix. In an exemplary embodiment,
lyotropic liquid crystal materials that are shear coated as discussed above can be used as
orienting matrices for LEPs, as well as for fluorescent dyes and other PL materials, SM
materials, conductive and semiconductive polymers, and the like. The orientable

30  material can be oriented by preparing a liquid solution of the orientable material in the
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transferred in its oriented state to a receptor by applying heat and/or
pressure. In this way, the entire transfer layer, or large portion

t her eof , wen2bgrsbs ansferred in one exposure. 20 Still anecwmamsonest7hod f or
providing an oriented LEP transfer layer is to formthe transfer |[ayer on
t he donor and then nechanically rub the LEP layer with a cloth, felt, or
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can be coated as a Fayer onto a donor sheet 15 and suitably cured with
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orientin trix for the orientable LEP. . : .
g r5‘1?’1ented conJuctlve or semlcon?iuctlve po'i)ymer. Oriented electronically active

polymers can be provided by any suitable method including those described above for
20  providing oriented LEPs.

The present invention also contemplates a transfer layer that includes an
oriented SM emitter. Orienting SM emiitters can be provided by any suitable method
including vapor depositing a chiral SM material on the donor sheet, coating a chiral
mixture that includes a SM material onto the donor sheet, disposing an orientable SM

25  material in a lyotropic or other orienting matrix and shear coating onto the donor sheet,
vapor depositing a thin layer of an orientable SM material onto an anisotropically
structured layer of the donor sheet, and the like.

The present invention also contemplates a transfer layer that includes a
fluorescent dye or other PL material disposed in an oriented matrix. For example, an

30 orientable fluorescent dye can be disposed in an oriented LEP layer, in an oriented

conducting or semiconducting polymer layer such as a layer suitable for use as a charge

30



The present invention also contenplates a transfer |layer that includes an
oriented conductive or sem conductive polynmer. Oriented electronically
active pwbyo®smItan be provided by any suitabl e nethod i Rcragongs7dhose
descri bed above for 20 providing oriented LEPs. The present invention also
contenpl ates a transfer layer that includes an oriented SMemtter.
Oienting SMemtters can be provided by any suitable nmethod including
vapor deposiahspdd 1ayee v srROESMenRt ifiiaglorientiigdigodopio mastie of othedaise Agitréx,chi r al
m xture that includes a SM material onto the donor, sheet, disposing an
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may be any {)e of substrate or displ a(?/ el ement suitable for display
displays or emissive displays include rigid o

r flexible substrates that are substantially
transmissive to visible light. Examples of suitable rigid receptors include glass and
rigid plastic that are coated or patterned with indium tin oxide and/or are circuitized

20  with low temperature poly-silicon (LTPS) or other transistor structures, including
organic transistors.

Suitable flexible substrates include substantially clear and transmissive polymer
films, reflective films, transflective films, polarizing films, multilayer optical films, and
the like. Flexible substrates can also be coated or patterned with electrode materials

25  and/or transistors, for example transistor arrays formed directly on the flexible substrate
or transferred to the flexible substrate after being formed on a temporary carrier
substrate. Suitable polymer substrates include polyester base (e.g., polyethylene
terephthalate, polyethylene naphthalate), polycarbonate resins, polyolefin resins,
polyvinyl resins (e.g., polyvinyl chloride, polyvinylidene chloride, polyvinyl acetals,

30 etc.), cellulose ester bases (e.g., cellulose triacetate, cellulose acetate), and other

conventional polymeric films used as supports. For making OELs on plastic substrates,
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applications. Receptor substrates suitable for use in displays such as
liquid crystal displays or em ssive displays include rigid or flexible
substr at esotoag7ser e substantially transm ssive to visibl ecriught/os7&xanpl es
of suitable rigid receptors include glass and rigid plastic that are
coated or patterned with indiumtin oxide and/or are circuitized 20 with

| ow tenperature poly-silicon (LIPS) or other transistor structures,
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pr e- pat t er puahity oh OFfydeyites 310 dispescd onalsubstraprid). Adjagangdeyieasdilg can be
capacitors,_ i.nsulatotr..rihs,,spacerns, qalor filters | a tri and ot her
el enent s u?@dﬁlo?lg]’t%éffeergf rcghﬁrgogﬁ%hglogglse SS?legf Laélrzatédélv@: .gé'&ll.?:’ﬁlé)r ip{)ré}eBsent
invention QRplsTRitLRE poRiiaed Eelt),th@simdblétdMighOkith diffqbmpdladiRgtiordevi ces.

I n one enbodi ment, OEL dljspltd’?és can be made that emt gol arized light and

t hat have sbjractensticsGufludingidiaerentaiolasimtion pugintatinag amyetias hen-pakariges or

and/ or _pol ari.zati,on 0 charact.er.i st.ics., For .exanpl e, , Fl 3:,shows an COEL
oo oy 00etiR e et n S RREAF gt Rl g ks i sEmbinson S B8% o s
substrate 320. AWk agRRdticAeHbWA Heikien AaichS3 10TRES il@stRtivé palipbdegloaRt col ors
of light of the sane polarization (e.g., full color RGB display that emts

pol ari zed |Adgvent devives nrabe senasttedfin conjiat, averlapring.fetq-cortdifferertr i zat i on
ﬁgﬁf ggf 2: : ;tgxi?%lsna 'ior?scolilffljésg% r(;rllio];'e]:c fAan g;[le i(r)(l,c 1&1 %%ttﬂeo&sﬁ% g}urgs%gtiep B3 25 well as
example, a pattern of parallel striped transparent conductive anodes can be formed on

20  the substrate followed by a striped pattern of a hole transport material and a striped
repeating pattern of red, green, and blue polarized light emitting LEP layers, followed
by a striped pattern of cathodes, the cathode stripes oriented perpendicular to the anode
stripes. Such a construction may be suitable for forming passive matrix displays. In
other embodiments, transparent conductive anode pads may be provided in a two-

25  dimensional pattern on the substrate and associated with addressing electronics such as
one or more transistors, capacitors, etc., such as are suitable for making active matrix
displays. Other layers, including the light emitting layer(s) can then be coated or
deposited as a single layer or can be patterned (e.g., parallel stripes, two-dimensional

pattern commensurate with the anodes, etc.) over the anodes and/or electronic devices.

30  Any other suitable construction is also contemplated by the present invention.
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15 devi ces adjacent to polarized |light emtting devices), or any

conbi nation of these. The separation shown between devices 310 is for

i Il ustratwoe2psnsposes only. Adjacent devices may be separaras)2/0819£ont act,
overl apping, etc., or different conbinations of these in nore than one
direction on the display substrate. For exanple, a pattern of parallel
striped transparent conductive anodes can be fornmed on 20 the substrate
followed by a st ofeshipaiimentndioplag 300t be amspiplé cotai display tianemas st ri ped
repeating pattern_ of red, green, and. blue polarized Ijght emtting LEP
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wi th the anodes, etc.) over the anodes and/or electronic devices. 30 Any
ot her sui t Apthe geoerst eanstri@ionjifusiraied in dAGedpbome @f Bipse panspgpetiadserd nvent i on.
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multiple c e |%Sp°ay ‘hat emts polarized |ight. As such, it may be

desirahhe to poFitiPhodRlan@EL didplagudE Efat 339 bBehi@R fortub€ad a Gitcofdr tti Ng
devices and a viewer, for exanple to enhance the contrast of the display.
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devices to be transmitted but that blocks light from subpixel 430L devices, and an
20  orthogonally oriented linear polarizer over the left eye of a viewer that allows light
from subpixel 430L devices to be transmitted but that blocks light from subpixel 430R
devices. Appropriate driving of subpixels across display 400 can provide such a viewer
with stereoscopic images. Although FIG. 4 depicts a portion of a full color
stereoscopic display, the present invention also contemplates multiple color displays
25  that are less than full color and monochromatic displays. Also, the subpixels can be
arranged so that oppositely polarized light emitting devices of the same color are
adjacent (e.g., an arrangement of R&> Re G«> Ge B&> Be rather than the R& G B
Re Ge Be arrangement shown).
FIG. 5 shows another example of an OEL display 500 that may be suitable for
30 use as a full color stereoscopic display. In display 500, stack subpixels denoted R, G,

and B are disposed on substrate 510. Each subpixel has a stacked device construction
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15 and a blue CEL device that each emts |ight polarized perpendicular to
the plane of the page, for exanple, as indicated by dots (). The inages
proj ect edwbyw2/agissbpri ately activating devices in each sulpprsasbh2qsaps can be
vi ewed through pol arizers, for exanple a linear polarizer over the right
eye of a viewer that allows light from subpixel 430R devices to be
transmtted but that bl ocks Iight from subpi xel 430L devices, and an 20

or t hogonal that ficlies ado déviess20blaad 626R, cavieof Whiehlegdit they@metolar uf kgher t hat
allows light from subpixel 430L devices to be transmtted but that bl ocks
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di spl ay 50@honbatronmc be suitable for 30 use as a full color stereoscopic
display. In display 500, stack subpixels denoted RR, G and B are di sposed
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4 and 5 can provide advantages over conventional stereoscopic displays in

t hat the vBStenensceipedisplays aeldtieir osesswe despebddain Ty [Basdséay anddt Semtert, 10 be

el ectronic vmtche in s iz i wWtht I spla order tq see the
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gl asses t hgy gh@oa@d a@l&@t L@%Q@ddo&‘s)%?@b?ﬂ | ed) that have oppositely

oriented linearly polarizing | enses his allows the display to be
spatial | y nodul Atl&duglaﬁlhdrsptatyanhcrvmmd?l@lsl 4 amrbl bieet beeein described for use as

stereoscopic displays, they can be used in any application where it is desirable to
display one or multiple colors having different (e.g., orthogonal) polarization states.

20  For example, similar displays may be used in projector engines or in other applications
where it may be desirable to emit polarized light having different orientations for
different colors and/or having multiple orientations for the same color.

FIG. 6 shows an OEL display 600 that can be used as a polarized light emitting
lamp or backlight that optionally has color tuning capabilities. Display 600 includes a

25 device layer 620 disposed on substrate 610. Device layer 620 includes a plurality
adjacent light emitting layers 640 that can emit different colors of polarized light (e.g.,
red, green, and blue as indicated in FIG. 6), with the light emitting layers 640 disposed
between a first electrode 630 and a second electrode 650. Other layers suitable in OEL
devices can also be present. Electrodes 630 and 650 can be patterned to allow for

30 independent activation of a plurality of devices, or electrodes 630 and 650 can be single

layers so that all of the light emitting layers emit light when activated. Patterning the
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St ereoscopi ¢ di splays and their uses are described in T. Bardsley and I.
Sexton, 15 "Evaluating Stereoscopic D splays for 3D Imaging (Chapter 19),"
Di spl ay Syetengsod.. W MacDonal d and A. C. Lowe (editors) pCcta887)s794Al t hough
t he di splays showmn in FIG. 4 and 5 have been described for use as
stereoscopi c displays, they can be used in any application where it is
desirable to display one or nultiple colors having different (e.g.,

or t hogonal }lep@bddsicabil®n fert diépRsy 600 beluseX ayPpdlarisddTighemittispbaxsighy be
used in projector engines or_in other plications where it may g
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Di splay 600 includes a 25 device |ayer 620 disposed on substrate 610.
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suitable in CEL devices can also be present. ectrodes 630 and 650 can be
patterned s@serated/bofmarm.de|7a@|,eqdmi@|trmspatttlwaﬂ%nommnmgm flwcaescent vk devi ces,
or el ectrodes 6 and 650 can he
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pol ari zed light enitting backlight whose emtted can be readily tuned to
any desi r etecophiged thahalyritalle daviceconsiruetianatan\beluged. whiso, ‘Mhlﬂﬁafﬂl'@er ned

el ectrodes ;are us f the.bac ht can be .selegcted.b
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or di spl ayemifing henstiugitdnsdeas taed sibsot othersPl7 m@terials migbtiee 7520 in plapepLor

transport 730 tainin fluorescent dye disposed therein, an
or gani ¢’ el Eb%/‘ﬁ%tl‘ ﬁ@%ﬁ&%sﬁeag‘&fe 740, and a cathode 750. Device 10 700 is

shown as a bott gpyRETHD IcAYosteNE G a VMiety bkwa&g@stlhmeate&lbqueetﬁfeeaag oft will be
recogni zed that any suitable device construction can be used. Also, while
the fl uor escesthatiyilsiratedightgdanbrtedy e dposedFdrrexampleh OFS. layeaﬂéﬂmay | ayer,

It can alt %é Qr?%{'lglﬁeg emissive layer that emits one orientation of polarized light A1. In such

an embodiment, hole transport layer 730 can be an orienting host so that the fluorescent

20  dye disposed therein emits the orthogonal orientation of polarized light A2 when
activated by light emitted by the OEL layer 740. The open circles (0) shown breaking
lines A2, B2, and C2 in layer 730 indicate activation of a fluorescent dye by a photon
emitted by the OEL layer 740. As A2 indicates, the fluorescent dye can be used as a
polarization converter in addition to or instead of as a color converter. In another

25  embodiment, OEL layer 740 may be a non-oriented emissive layer so that it emits
unpolarized light B1 that can be converted into polarized light B2 by the fluorescent
dye in an oriented hole transport layer 730. In another embodiment, OEL layer 740
may be an oriented emissive layer that emits polarized light C1. Hole transport layer
730 can be a non-oriented layer so that the fluorescent dye disposed therein converts

30 the light emitted by the OEL layer 740 into unpolarized light C2.
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or additionally be disposed in the CEL |layer or in an electron transport

| ayer if a top emtting constructions was used. Al so, other PL materials
m ght be we®do0$189pl ace of or 15 in addition to the fl uoresctaisb2/abyet Devi ce
700 can operate in a variety of ways as indicated by the three sets of
arrows that illustrate |ight generated by the device. For exanple, OEL
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plurality of patterned hole transport |ayers 830, LEP Idg%er 840, and
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the hol e transport” | ayers can be patterned having different PL materials

di sposed t tremitting @BL [dayiees, Sxdifigrantly consdmictsd botiew entitlingr@Blh dedcésohmd
transport la s, so that the hol nsport |layers acts as a plurality of
al i gnment foaéﬁi‘ .eVlcF?'lﬂatvﬁr?gsp _Wedj‘%{ﬁ?’ggi ty of OEL devices can be formed,
each of which cafeeRhienRObHebpS hndGuhdti@hs i1hahied irPF IR 3ihrdasH ®BarPbd ent ati on

different from adjacent devices (due to different orientations of the
al i gnment hokesl andamatpled: to ferye OF Ladishlays and dievigesthali afve unique eppegrancéran
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pattern of oriented pixels that emit polarized light embedded in a matrix of pixels that
20  are non-oriented (i.c., emit unpolarized light) or that are randomly oriented (i.e., emit
randomly polarized light), so that when the display or lamp is viewed with a
polarization analyzer, the pattern of oriented pixels can be revealed. When viewed
without a polarization analyzer, the display or lamp could appear as if there were no
different among pixels. Such a lamp or display could be used for security applications,
25  for example.

Some of the organic electronic devices that include oriented active organic
layers or materials for polarized light emission and/or enhanced electronic properties
can fall into one or more of four general categories: OEL backlights, low resolution
OEL displays, high resolution OEL displays, and organic transistors.

30 OEL backlights can include oriented emissive and/or oriented conductive or

semiconductive layers. Constructions can include bare or circuitized substrates,
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transport layers). It is contenplated that the concepts illustrated in FIG
8 also apply to top emtting CEL devices, to differently constructed
bot t om erwoOto2ngys@EL devi ces, and 15 to CEL devi ces havi ngPppatusez/oszgs LEP

| ayers. The el enents, concepts, and functions illustrated in FIGs. 3
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backl i ghts, | ow resolution  CEL displ aly& hi gh resol ution CEL displays, and
organi c t r #RinatiQy Eansiy, repstivedged thgmmal prafingnen the dke Wik @ @ingls «dow e and/ or

oriented c tlve or ] [ I B@%r [ i ncl ude
bare or ci ?aggg%eéélgg%u%%ﬁgg% é%pgg@%%&%gﬁ%%& ﬁggltf% %gg}@%@&anodes,

cat hodes, belisivelapsPpdtierdedbsiaser fldacdd hermial ansdfor. and aymebls coldd htuliiglp ect i on
| ayers, electron injection layers, em ssive |layers, color changing | ayers,
and ot her Fklggeede largg arepd@@ps.al s suitable in OEL devices. Constructions can
al so include polarjzens,. (e for - . re. i . t he
like), diffuser 13 er.%g‘?l,ﬁt‘ép“o?g%id%s‘é’ %YSﬁ%ﬁ‘?%dgi‘aﬁfﬁésﬁ‘ggaﬁrs’?’gﬁéf?g?{‘e'ﬁ?gm
gui des, | egs@huctivé Sdentiestidublive layet® , CHiisu@bliieSan enohadedrrest cifcultized and the
| i ke. Applications include white or single color |arge area single pixel

| anps, f or sulsiatep) anodere pethedesohale prspod ieyess, plecten Banspprtilayers Boleded by
thermal _sta transfer | am. pat i r fer, SiL.St.] er mal

printi r%a (l)nrr}P(inr%lqﬂeﬁsé ;ele\%?? gljéok;%ors1 ?%stég@%ﬁ%re la})l’egsf g@%%%%gaggfglggagfegs ’ gl%eict rode
pai r | anmps ofealayB@wad taté@gesuidbloen OB ddvires! Gorsasims toh £18d Blude | ayers
patterned by |aser induced thermal transfer; and tunable color nultiple

el ect rode Ppalagjeerafes:, faaefpgn-up, glare reduction, and the like), diffusers (e.g., polarization

maintaining diffusers), light guides, lenses, light control films, brightness enhancement

films, and the like. Applications include graphic indicator lamps (e.g., icons);

20 segmented alphanumeric displays (e.g., appliance time indicators); small monochrome
passive or active matrix displays; small monochrome passive or active matrix displays
plus graphic indicator lamps as part of an integrated display (e.g., cell phone displays);
large area pixel display tiles (e.g., a plurality of modules, or tiles, each having a
relatively small number of pixels), such as may be suitable for outdoor display used,

25  and as such can be combined with a front polarizer to enhance contrast and reduce
glare; and security display applications.

High resolution OEL displays can include oriented emissive and/or oriented
conductive or semiconductive layers. Constructions can include bare or circuitized
substrates, anodes, cathodes, hole transport layers, electron transport layers, hole

30  injection layers, electron injection layers, emissive layers, color changing layers, and

other layers and materials suitable in OEL devices. Constructions can also include
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Low resol ution CEL displays can include oriented em ssive and/or oriented
conductive or sem conductive |ayers. Constructions can include bare or
circuiti a®do2mssst r at es, anodes, cathodes, hol e transport PCagsns087¢d ectron
transport |ayers, hole 15 injection |layers, electron injection |ayers,

em ssive |l ayers, color changing |ayers, and other layers and materials
suitable in CEL devices. Constructions can also include polarizers (e.g

for cl ean- yplarigdra(€g.! Y ¢Idah@p, glameamohldfﬁ)the Hké)t disRiss (€g.Opolafidtidni zatl on
mai nt ai ni ng di ffusers | i ght gui des, | enses, ?ht control filns,

bri ght ness rr@prn@mm sers); lighi gug\iﬁa leriges, |1ugkteconb;9b lre%tbrlawgeswhwémgmapm c
I ndi cat or tf f’l'lnﬁgsanégl-;egh e, I Ssp%c%ﬁorﬁ?ncﬁ&&”&%ﬂw gr SASBIV%W)IE hiuHopd? ? o?¥|§ll (e.g.

appl i ance fronochr one I've or active matrix

di spl ays; gt HispRy® aaﬁwa R8s v mamrmambmeomulrdomrd:@myapms sBgrdented aphi ¢
i ndicator |anps as part of an integrated display (e.g., cell phone

di spl ay$) ; or graphje i @eaorplams (eig-slopaynducee éra(lscferg)f high q@w}umn @6911@5 Phsdul es,

or tiles, ach elatlv rof Jmay be
oui tabre’ + SRR SR for p e e R BetepRionRl B B0 BRI BTy

front pol a'alséﬁa taﬂd@éﬂ%ﬁ'ﬂﬁﬁhsﬁl@?h &htl&l'scterge%ﬁi)ﬁaysﬁhﬁhgonéﬁtéd sRfted pis di spl ay
appl i cations i gh resol ution L di splays can include oriented em ssive

and/ or ori éetrepic eﬁotﬁ@r&cilml@’SdlaV@Grﬁlﬁf@ﬁl@tbCQm@éedl ayigess, andohslikeet i ons can
i ncl ude bare or i rcutgtl z§ sub rat es nodes,.. cathodes t ransport

| ayers, electr o PTBUHEHBHYO SELS! udﬁ8f‘8ﬁt§ “PH ugféﬁ G Se@?con&é‘!ﬁlvgt ron

i nj ectijgn xRS sz;onetmc‘ﬁ%hysad AYRIES bare Ok @fcuﬁﬁé@%ﬁ%&aﬂe@ygﬁfesele%ﬂes ehfger |ayers
and material's suitable in OEL devi ces. Constructions can also include 37

WO 02/ 08789itlR@ivsUSgaio sgru-ongusters, organic Qlemgrgamrzcspumb eathdiam legdsq prd

02/ 5  legdsae
i 11 user ) 14 s pnpliiies ST oS opnBRoBr o8Pt Pabrid "

enhancenmentonddi] SBsorRdd thelikd ke. Applications include active or passive
matrix nulticolor or full color displays; active or passive matrix

mul ticolor or fdhe pm@tMnn‘daDSpn alwlcbhm@ewgﬂémébnﬁtedﬁo theayahticwlarndi cat or

| anps (e. g r d transfer of esol |on d |ces

t her naltS noekapdip sspreemeverhuf e sieeid b Spd e kR EBLEBERE BHIR i col or
or full COIuWenU&H 8PN Sset 8itdn BRCAHHabhed JHifR! 3aridBPhoaAchGOS, éfithlentdi Spl ays
having oriented emttérs plus isotropic emtters, dlsplays avi ng

differentl prwcsseﬂtaeweﬂrasmumemus atrdctotee td whish th@rgwmit oventzoeingy be s can
i ncl ude ori e uctive and/ or, sem condycti,v l. r Constructions
can | nel aerpimplegalectad Bt Bt 09 G Inedrupony G ipsed

invention is directed upon review of the instant spec1ﬁcat10n.

20 Each of the patents, patent documents, and publications cited above is hereby

incorporated into this document as if reproduced in full.
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di el ectrics, organic sem conductors, organic or inorganic source and drain
| eads, and the like. Applications include RFID tags, transistors for

di spl ay pwveebogmsub- pi xel control, sensors, and the | i keCT/ise2/qn7esent

i nvention should not be considered limted to the particular 15 exanpl es
descri bed above, but rather should be understood to cover all aspects of
the invention as fairly set out in the attached clains. Various

nodi fi cat i GWHATAgWITVARIMED ISPr ocesses, as well as nunerous structures to
whi ch the present invention may be applicable will be readily apparent to
those of skill in the art to which the present invention is directed upon
review of the instant cl f-l cat.. 2 4 )
docunents, and EUb|iéa@?%%&fé?ﬁ%%agﬁ%é%aﬁﬁ%Eﬁﬁé%@ng?ﬁ§%§%%§8€§ﬂbﬁﬂﬁ% this

docunent as if reprogéeaneiythérmdlly t28s 2 ©hEED 4ayREdIhiSU DY SfentdtHAT | S
CLAIMED I'S: 1. A process for making an organic el ectrol um nescent device
conpr i sb ngorgasis] exeissiveempterinklirom a| dpner digelfte @rrpeaptar subHréT ymprigingra Bhpr i si ng
an oriented rgapni c em ssive material froma donor sheet to a receptor
substrate 8{%%?‘?%?%‘5 a first electrode; and formng a second el ectrode so

that the oriented orgafifig #58co6l KRcHBA0I Rt the SrigiRed brigaiie dmbivearderidle
first and second el ectrodes, wherein the device is capable of emtting

pol ari zed i ryisttionp@hetaveen thetfiset and pecond efstrogesocess of claim 1, wherein the
oriented em ssive material . conprises an eriented |i.ght..emtting. polynmer.
3. The process of cl &ML ﬂ'\fﬁ%}”&? v ﬁaﬁ%ﬁgf’? %‘Hﬁﬁ‘&g B%ag%%\}ég%ﬁﬁv%g?flaf‘%% 5
conpri ggs an oriented small nolecule emtter. 4. The process of claim1,
wherein the oriented em ssive material conprises an oriented fluorescent

dye. 20 5. The Brocedbe pfocessaifiplaim hmdersimthelosiented safissivelmsteralconsi st s
essenti al the ari material. 6. The process of claim1,

ly of . enﬁ.egt enthssi ve
wher ei n t hEOPPHsS AR Prieniod HERL UG ROTYREL. i ant ed  eni ssive nateri al
di sposed on an electronically active alignnment |ayer.
3. The process of claim 1, wherein the oriented emissive material

15  comprises an oriented small molecule emitter.

4. The process of claim 1, wherein the oriented emissive material

comprises an oriented fluorescent dye.

20 5. The process of claim 1, wherein the transfer layer consists essentially of

the oriented emissive material.

6. The process of claim 1, wherein the transfer layer comprises the oriented
emissive material disposed on an electronically active alignment layer.
25
7. The process of claim 1, wherein the transfer layer comprises the oriented

material disposed in an orienting host matrix.

8. The process of claim 1, wherein the donor sheet comprises a substrate,

30 an interlayer, a light-to-heat conversion layer disposed between the substrate and the
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25 7. The process of claim1l1l, wherein the transfer |ayer conprises the
oriented material disposed in an orienting host matrix. 8. The process of
claiml, wberes?nos he donor sheet conprises a substrate, BOTAIS0O2/0872¢ | ayer,
a light-to-heat conversion |ayer disposed between the substrate and the 39
WO 02/ 087894 PCT/ US02/ 08794 interlayer to absorb inmaging radiation and
convert it to heat, and wherein the transfer |ayer is disposed adjacent to
the interl @elayePto abberbRmagiag sadiiticil aidreoBver & Béd, dndavhienéin thetyfisfer emai ns
substantially 5 intact during selective thermal transfer of the transfer

| ayer. 10. 1%ewd®°@§§edf%§ﬂacﬁﬁ@%§? igterlg¥gani ¢ el ectroni c device conpri sing:
selectively thermally transferring a transfer |ayer conprising an oriented
el ectronically active polynmer froma donor sheet to a device substrate; and
10 el ectrical | yoconngaé pr@edss cliimes) ndidreth getiftenaywrkdiaincsibéanpaly ner | ayer
on the device substrate to other |ayers of the organic el ectronic device to
form a 5 conptedutngiesisctize thermalpransfes of Siedeansieplayer si ng a sel ectivel y
thermally transferable transfer 15 |ayer conprising an oriented organic

enm ssive material capable of emtting polarized Iight when suitably
di sposed in an @pganiACprot&s fdrGhakihd @66:@Bhic dR¥¢ir68ic dtvice Ih@pHaner sheet of
claim1l1l, further conprising a donor substrate and a |ight-to-heat

conversion |ayer di spdestyelycthommatlyttraasiorrnga tiansios fayer pemprisngieeri¢ndgder . 20
13. The dongpr, she of. claim1 further, conprisin interl ayer di sposed
et ween ¢ heRPrarap RSP KBRG ErmialeP s AR PITaf) Syer . 127 The
donor gfeet of clai mefkduiciheéfinBetidyané Bﬁ@{té@M@étrdrﬁcdﬂ@%@ti@@pcﬂ%ﬂn_&ma&é}e 25
oriented organic em ssive material. 15. The donor sheet of claim11,

wher ei n t hentheadeyicesubsinaga tofotirer haserscafithe Prgaric clpstronigalavice ehdrge t r ansport
| ayer. 30 16. TPq%\;lgonor sheet of claim 15, wherein the charge transport
layer is afPMBE VI4Fi gnment 1 ayer used to align the oriented organic
em ssive material. 40

11. A donor sheet comprising a selectively thermally transferable transfer

15  layer comprising an oriented organic emissive material capable of emitting polarized

light when suitably disposed in an organic electroluminescent device.

12.  The donor sheet of claim 11, further comprising a donor substrate and a
light-to-heat conversion layer disposed between the substrate and the transfer layer.
20
13. The donor sheet of claim 12, further comprising an interlayer disposed

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

14.  The donor sheet of claim 13, wherein the interlayer is used to align the

25  oriented organic emissive material.

15.  The donor sheet of claim 11, wherein the transfer layer further comprises

an organic charge transport layer.

30 16. The donor sheet of claim 15, wherein the charge transport layer is an

active alignment layer used to align the oriented organic emissive material.
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WO 02/ 087894 PCT/ US02/ 08794 17. The donor sheet of claim 11, wherein the
organic em ssive material conprises alight emtting polyner. 5 18. The
donor shewo0 oohsmh4i m 11, wherein the organi c em ssive nmat eCralS02/@0Mpri ses a
smal | nolecule material. 19. The donor sheet of claim1l, wherein the
organic em ssive material conprises a fluorescent dye. 10 20. The donor
sheet of claim1l, wherein the oriented organic em ssive nmaterial is

di sposed in an orienting matrix. 21. A donor sheet conprising: 15 a
substrate; an alignnment |layer; a light-to-heat conversion | ayer disposed
bet ween t he subd?r at hadenarisheet af rlghne ht whergiarthe onganis syassivergatenali dent

i magi ng radi ati.on i.n E hﬁ{;{t' qnd a transfer |ayer conprising an oriented
light em tf?’ﬂ@f“ﬁ‘ﬁla%% CRERP Y8t 0 the ali gnnent | ayer and capabl e of
being selectively thermally transferred fromthe donor sheet to a
proximately | ocated receptor. 22. A nethod of making a thermal transfer
donor sheet conp8.i si mbe dprasshefit pfclaingdhovhereibdhe enganiggmigsorermaigrial t r ansf er
| ayer adjacent .to the 1su(gst rlate the 25 transfer |ayer conprising an
oriented eFUBPTSHASHRILMURMIGRASGhni ¢ material capabl e of being
selectively thermally transferred fromthe donor sheet to a proximately

| ocated receptor while substantially maintaining the orientation of the
oriented el ectr d®i callhydonmrisheat obelgumil &, whareinith¢ orgaaic #missive material

comprises a fluorescent dye.

10
20.  The donor sheet of claim 11, wherein the oriented organic emissive
material is disposed in an orienting matrix.
21. A donor sheet comprising:
15 a substrate;
an alignment layer;

a light-to-heat conversion layer disposed between the substrate and the
alignment layer for converting incident imaging radiation into heat; and
a transfer layer comprising an oriented light emitting polymer coated
20  onto the alignment layer and capable of being selectively thermally transferred from the

donor sheet to a proximately located receptor.

22. A method of making a thermal transfer donor sheet comprising
providing a donor substrate and forming a transfer layer adjacent to the substrate, the
25  transfer layer comprising an oriented electronically active organic material capable of
being selectively thermally transferred from the donor sheet to a proximately located
receptor while substantially maintaining the orientation of the oriented electronically

active organic material.

30
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