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ot her devices. Specifically, selective thermal transfer of color filters,
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i ncor porate organic emssive na e to emt
linearly or elddti@linineyceppmarcriaithabve ghtbeer propoedaspect, the present invention
provi des a process for maki ng an organic el ectrol um nescent device by
selectively thermally transferring a transfer |layer conprising an oriented
organi c em ssive material from asfmrvdIeReé InvenBonecept or 30 substrate that
has a first electrode, and form ng a second el ectrode so that the oriented 1
WO 02/ 087894 01 Jhe abiliygs sclectively thermally transfer organic electronically active

15  materials 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 aevices has not been shown. The present invention provides metiiods for

20  patterning oriented electronically aciive organic materials, and thus for the first time
enables the fabrication and manufacture of pattemed 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 sitcet to a receptor

30 substrate that has a first electrode, and forming a second electrode so that the oriented
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second el ectrodes, wherein the device is capable of emtting polarized
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15  and a transfer layer comprising an oriented light emitting polymer coated onto the
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 viewof an organic electroluminescent display
construction;

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



PCT[ US02108794 FIG 2 is a schematic side view of a thermal transfer donor
element for transferring materials according to the present i nven 'SE)Fn;mfl G
3 is a schematic side view of an organic el ectrol um nescent di spla

accordi ng WP IHB8Pesent invention; 5 FIG 4 is a schemati c RGTHSWPER of an
organi c el ectrolum nescent display according to the present invention; FIG
5is a schematic. side view of an organic el ectrol um nescent displ ay
according to the present invention, FIG 6 is a schematic side view of an
organi c el ectrol uﬁlGrésl@@rwhm@m sighviewid atbemradi transferodanieelgmsniefor i nvent i on;

FIG 7 is a.,chemtic id? Vi ev&iOfta@ organi.c e#.ec_trol um nescent device
accor di ng t JTHH erBP%EE%i‘. AHFERT . AREFFR TE Y schemati ¢ side view of
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i nvention, electroni'call'y active polyners and/ or ofganic em ssive“naterials
can be 10ri ertedis® thépicematvernitioh; exanpl e by sel ective thermal transfer
froma donor sheet, to formlayers or conponents of organic electronic
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FIG. 8 is a schematic side view of an organic electroluminescent device

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 limat
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 etectronic devices. Examples of organic
electronic devices that can be made include organic transistors, orgamc -

electroluminescent (OEL) devices, and the like.



I n one enbodi nent, the present invention contenplates CEL devices and

di splays that emt polarized |ight, and nmethods of making polariqpﬂsﬂdﬂﬁi
emtting Kw%ﬁxices and di spl ays. Sone organic |ight e”ﬁh&ﬁ@&nﬂﬁ%ﬁria
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el ectrodes, light em.tting devices, and the like can be_made that

i ncor por at@ne}wéathd%mmw light ewatting Qflq deviges, whetweped n dirgsthed
accordi ng ;g tijﬁﬁrrﬁétﬁﬁedﬁplbﬁy ﬁfbﬁéc%}' syﬁcﬁqp, &%mﬁg,%og&ﬁﬁﬁagt@csdisplays,

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. Onented

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 aceording to the present invention.
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be transmitted. Linearly polarized light can be converted into circularly polarized light

(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 onentable 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
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molecule (SM) or polymeric (LEP) in nature. Typically, SM materials 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 ﬁsing
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 matenals are generally
charactenized 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.



Alignment of em ssive materials into a preferred orientation can result in
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(termed "bottomemtting") nma sed when.supstrat.e 120 is transm.Sssive to
i gnt eni ted by Tk (@atks 8 OH M5y i aRvice TR aTe 2 dndsdrrg a10

el ectrode i spdiaSRBSeMe 120.0 Rﬁy@%%tab@@&%ﬁﬁy cbiifofmt &1 21& bé¥ehided wife
device and the substrate. The inverted configuration 25 (termed "top

emtting") nsplipel ¥k cOptivnaiiysaddétiornal epticad eldtomstsar ottwedevicts switalvie dortuse he

light emtted by the .device | ayer and the el ectrade, di sposed be en, t he
SUbst rat e antlth HREEE AP N eV IS PR PSPPO TR e o P P BB aeIeY ¢ POAM (¢ he
[Nt et { Qeddt odftiol OGS indieitt P By biieial LhMheRPI30. NRIHAE epftbd el CEL
devi ces arranged i n any suitable nher. For exanple, 1n [anp applications
(e.g., backlthgbhesHomm, devjoe thyer VY iatludesgheayr mae QECHvicssdhitemit iglevi ce

| ayer 110 m ght constitute a singl.e OEL device that. spans .an entjre intended
backl i ght artBwughthesaharaty lwardayigygaositond 44p Jhe vigyep pesiiglf s useder 7 VO

02/087894 0 Jgeﬁeljr:caﬁy%g Sicate an intended destination for the emitted light whether it be an

actual human observer, a screen, an optical component, an electronic device, 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 confi guration
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
36 (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



PCTI US02/ 08794 110 mi ght constitute a plurality of closely spaced devices

that can be contenporaneously activated. For exanple, relative ) rszgﬁ and
closely spgeses7aed. 9green, and blue light emtters can bepPpisk &dgg,‘ étvveen
common el ectrodes so that device |ayer 110 appears to emt Whl te l'ight when
the emtters, are activated. Qther -5 arrangenents for backlight applications
are also contenplated. In direct view or other display applications, it may

be desi 1 abi R fafifht GMliSic hBNE Iof3ely3phitdcdicll Hafbdd de O ' 1 ndependent | y

hirh

addr essabl e OEL eV| ces t hl# Qct he s me or |# erent colors. Each device
m ght r eprmmpc&aﬁmalyaabavaned( e]l-‘orcexamptae pelatbtely subll pndk elloselly spaqeidred,at ed
display (e.g. é g* resolution display), a separate segnent or sub-segnent

of a segneHEdH ag ghh pmytiergcan bm@tﬁemeérhﬁﬁweewomreﬂﬁcw%waﬁa or a

apoi cat i cigyee 3138 RoRe? Rty ElighL BB b Sl Sl ORPE 72T

light are ﬂmemeﬁ@ fbfbmgn@ppmdnon@m@thaﬁeaam 8bdtaNew bpofter | east
sonme instances,, an OEL device 1ncludes a thin layer, or |ayers, of one or

more sui t adiselap ngdmabonﬂattenayabesd@unbimf@w&m@é@méﬂaan uv;ﬂmbvcaaplamdltmf anode.

Uhe cat hodBoemie RS ERsatir el deute s ERvasbt Fyipr o Coldty EReR e ™
anode. As §ifcd ight FGResehid @Barafd gikaleR ats@ﬁﬁ'ﬁl‘éssuiwlﬁxé?ﬁ%glilﬁt&’d_ aged

el ectrodes, they may reconbihe to form el ectron-hole rs which are
typically (Ie@ gngkdesbhitias despbay), carmpaﬁtmgmemnsobsﬁgmemmfcai degohestedt e

speci e y emt e gy. in.the for t as they decg ck.to a ground
state. 1620 GFBaY (5. &yﬁ% PR GOHEM ey, PRt IEU G CUR CheR Mo
transport ok, | | ectron
i nj eclto i on g&gan o‘lﬁgé'gl’oc ‘lga?\g II ggéeatrnsoln Wﬁ%ﬁuﬁé%@ﬁ%@?&%%%@%@ﬁaﬁf fer

| ayers, amtiat dmit polagized higlades 6ésmbe¢ﬂnanmmaueadmuss:mtthau fallewcan be

present in the el ectrol um hescent t her Ia ers in QEL devjces, for
exanpl e to convByat leasksamy igstapges; ‘1“'@@5 Staﬁémel%‘?!t Pblaéf?ﬁsn

LT 61 U 0 ARG Bl O S bR AR SRS o1

be used t er or ronic prope I es an

| ayer ed CEictiggtedcélecttans afxinjepted ihto the biganie 1aver@F Sofrettte cathode hnd hblepge:
response, a_ desired device efficienc a desired color, a desired

bri ght nessinjestrd intoethe jorganic) Inyents) fram e a@&%ﬁ%@eme@ﬁ ch¥gss MigiRicons i ncl ude
oL ecul o | ol RS ) OB S5, MO RT AREL A ARRL
devi ces WhediR WHiYE afe t9picilB) éfefed t6 S Bxditond m&%&%%r excited state

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 laycrs,. 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 matenals 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.

INlustrative 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



01SEP2005 PCT/ US02108794 pol yphenyl ene vi nyl ene, pol yfluorene, or others
act as an emtting species and/or a charge carrying species, vapor
deposited small nolecul e heterostructure devices, light emttingspp %PUS
el ect rocherg'(!ﬁh[';hlE ﬁ?l |s, and vertically stacked organic light-emtti B}g I odes
capabl e of SHLFHEE 11 ght of multiple wavel engths. O her OELPQHYPPAE™4ncl ude
pol ynmer 5 based em ssive materials such as small nolecule |ight emtters

di spersed in a polyner matrix. For exanple, poly(9-vinylcarbazole),
commonly known as PVK, PVCz, or _polyvinylcarbazole, is frequently used as a
pol yneri ¢ napelyrhengleng vipylkans; padyiliosgne, oneihers @rieas aorniting sRECOERNEBY? ces.

O her device ct kn r

cont erpl at e T op: viyile FRRch bt ep B RN ecutt B FosURLECBER! g,

em tting OFElLegl@uhgeectigitiemicaptallésandNetiqaligselked ogaiicilipht-epntiapaicdess OFEL
devices that include an oriented or aligned em ssive material to thereby
enmit pol ari zeapablegihemitiing light efrmatipleaysiopgths nfither QEL devicpeinchere pabanarn t he

I f. the devi . b ' . . al h
or T ent o § | uBTER BNt Bt SRE ePi o FOREE R s o e A el

phot ons eni t kRE;H0VFrReaklle. pRIELVIAIcAbaddlS, Sinehly KndwEaarPK epvéecqr ding to
di spl ays and l'anps can be nade that include a

the present invention, OEL
plural ity of polyvidgicathdanit, iy fragiunty ssdul as aGEllyrdené vetix adispefsingsnea] e t s
substanti al | ol ari.zed, .Iight,and re the polarizatio xis for |ight
emtted fron{y'wieenfaea&rﬁwenéﬁlb@m%m@iﬁ deee bonstuptions wheer fgmgr
emtted fro i I . | ljon, CEL
bl ays. and et O £ Som B3l IS iR e Rel R RERSG g il UERIOD, |
contai n g pr HglerendningdDEIsdtesanddisplayal to emt polarized light, that is,

devices that include an oriented em ssive material but that do not include
as part of the deVh&pressninventies copternplates OBL drvages that dnclads amerignted®r t he

cont enpl at cx ARSIV MbRf fo iecbl Bt priadd IRR! SREBHEABIBRIGRE . e
mat eri al . Asmateid] datrbeiincludeyirghesOED 1a&r of iherdeeite, or cahtbeei sienied PIat eri al

refer to organic em ssive materials that are ca_g;;abl e_of bein oriented or
al i gned so t materishwigh anan enenteds{lparescans dye thatsanitynolaiped; ight whes sxgited dyof

such oriegent or. ..al i I BP?‘Q’. j e lspcl ' bl e or
al i gnabl éaseLE s,tgnso‘slrhi''gk:fjtl gﬁﬁ% @?Ea | gr?g #ﬂgggb(lggtﬁ g’g%}ﬂlg'nd‘&%g%sg{éot?%
emtters di spesad idvenédh, OBICispiags a¥d 1napé cafid mide fhubitiehrie agflaalignifabl e
organic em ssive materials are disclosed by Martin Gell and Donal D. C

Bradl ey, " PoingependentiyaddrrssainOELdeviererdhelouhich eadtg/substantially polarized

light and where the polarization axis for light ernitted from each device can be the same

or different from the light emitted from other devices. Also according to the present
20 1invention, 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(2), the present invention contemplates that device layer
25 110 includes an oriented light emissive material. As nsed herein, terms such as oriented
light emissive material refer to organic emissive materials that are capable of being
oniented 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 emuitters 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



WD 02/ 087894 01 SEP 2005 PCTI US02/ 08794 Materials," Adv. Mater., vol. 11, p.
895 (1999). Device layer 110 can alternatively or additionally L. an
SERA s

oriente | ve or sem conductive polyner, for exanple as
transpo%sﬁg@@r%%l or as an el ectrode or portion thereof. FEFHRIPRE %

orientable conductive or sem conductive polyners are disclosed by A

Kambili and A B. Wal ker, 5 "Transport Properties of H ghly Aligned Pol yner
Light-Emtting Diodes, " Phys. Rev. B vol. 63, p. 012201-1 (2000). Exanples
of cl assedagrialEp » 3ol 43} S APYVp A Hisclauen Y can aitematpra)x pr

pol y- par a; . PPPS ) . . gfé LER ' now
known or a@ﬁ@‘@ﬁ&?ﬁ?@‘g@g&%‘ﬁggé%ﬁd&gﬁggngfie“g’gg‘i%“rc“gf* gn S F hfgfg%a?ﬁﬂle%m tabl e

LEPs can alh&gpaadépormhaethicir ¢ adepetoddbspatisadhyedh Edatipl@ssfomenflpRS Of
other PL materials, blended with active or non-active materials, dispersed

wi th acti sendyetivoer ssonicendugavepolymsts agp disclosed by e Kagpliik and ¥l 8. 8¥alkgri gnabl e
LEPs incl yde standard LEPs..t€e..0...- achiral c quhds..and. ragem c 41 xtures)
Chat e  Liopmiyi Sroprcs af Hild aedfd poPme JHRE ) uReiodel i i e

di sposed an@péprolj.@mgimgl teggoymat ri x. 15 Exanpl es of conducting or

sem conducting polymers and of gani cs include oligothiophenes,

pol yt hi ophenes Expmplep pf olasses of &EPamiterialssnchhdiPpolyfhdnyletesinyenels (PPMsgri al s
and bl ends and co- pol yner ereof. Oie ble o | i gnahl e conducti ng or
seni conduE?VFRj*%B]‘%i‘g’fs mﬁwﬁﬁ%@wﬁi’s he iﬁmﬁ%ﬁ& P?/‘é’tkaf’“’ﬁr?&sg,

hiral |iew . . ‘i duct i
or Soni collitidevaibkal ha €0 RO REnGbr SRINCABIKE SHGMCLPEES alffile CONALCH! O

mat er i@l s nleulelyaiopkd dispefssegatiifnores@aniyes @t ottiqgPLofateAhls] emtederit] ar
materials that can be used jn CEL displays _and devices as enmtter materials,
charge t AEHSENENREHES malegials, disperpechvithiaatiespx R agtirpanatenals,gnd they cont r ol

the emtt cal. r t d the:lJ y used
sut mat er i 31 DrfesE or aBORIWHEL EPERRRIe sarBURt FepE (e, Ml npoiBBFERIY

tri s(8- hy ehicermycshmiteies) @it Itdvie H 1ijiad (ki@ phaaBhibaNligiidsystal LEPs, and LEPs

met hyl phenyl ) - N, N -di_)r;;lﬁ(_anyl benzidine (TPD). Oientable or alignable SM

mat er i al sdispogedinlen oHenting It mater.i al s and SM materials disposed in a

ori engsng host _mat r

U TSI A - DTN SR R IEER SN
T oS Sy SOMent BNl O B IEP Al 22
not ) materials and blends and co-polymers thereof. Orientable or alignable conducting or
semiconducting polymers include those 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 matenals, 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
mnclude chiral SM materials and SM matenals disposed in a orienting host matrix. See,
for example, the SM materials disclosed in Japanese Iaid 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 matenals (oriented or not)

10



10 WO 02/087894 01 SE P 2005 PCT/ US02/ 08794 can be used in CEL devices and
di spl ays to change or tune the color of light emssion. 1In the f’”ﬁ?s'}@[{ﬁ

i nvention, oriented PL materials can be used to emt polarized | , en
in instanc¥@0fRMB&! t he i ght produced by the el ectrol um nesteHVSIRIBEY; al

that stinulates the PL materials is unpolarized. Exanples of organic PL
materials include fluorescent 5 dyes such as those disclosed in European
Patent Application EP 1 074 600 A2. Orientable or alignable PL materials

i ncl ude t hosan bl wehon BFIbgevienstand daplays taehine ontune the @lomyfdightemissipol ar i zed
Lum nescenc rom Ori.ented Mol.egu terials," Ady. ter. . 11, p.
595 (1000)  THUCBIEEHRErTi Qugor Cp migtesat et wielly emi(Rofiized bk et
from Ori ent ginGandddSpessl iRl g BrddRE S} th R o RIntiRekcEht AiRterial Akt stithbiAgt er .
vol. 9, p. 1035 (1997). Alignnent, or orientation, of organic em ssive

and/ or el ecthedti materiglsas unpaanzal diNagipiesador gamiaBhingiatils mchde 8nowesgenof
‘manners, and general |y depends, .on, t he terial .bejng ali the desired
devi ce c%nsgwc%%?ﬁ thigsrydiseiResd 18 FepoRese a-FQFAEPBFﬁme?ﬁPtiPﬂfgg ot her

el ectroni cahl: i . g ' J! :
el uding: - OReaibls o BNUIERE SmaBily MRl TR utdlod vl MfpiTeRCL AR DR,
coating or PBX{ Bsady, CPelaringd Liminescbnog froinsDraented Mdleculdrdviitatidls,” agivi ve
polymer in a host matrix and shear coating; coating an active LC polyner

onto a suit Matex., val i1 dnpeRS (199Drand by Lihristpph W sder s &l ElighlyPolanizedt 0 a

stretched, and.hence .anisotropicall t r LLm &Rr Legd, sheet ) ;
coating an g%‘f’ﬂfémf%? ?l%‘? 65'%'[’ %H&%ﬁ 4‘1%@6; o?%&gr(gﬁg?tége%%éfé{xsl h:gﬁlg’ &y tching
the comppsi Maté, Wbk loep. ro3at(19g7)an active LC polymer onto a film (or |ayered
sheet) and then br_ushl ng or rubbing the polynmer coating; formng a
conductive or sedhiligomgnt oF vaeratiom of orgameremissivd anioralectiontselpadtoigl |y acti ve
pol ymer, rubbjng, or brushing,the |aver.to make an act.ve aljgnnment |ayer,
Pna” then | cBAISRL S DR aERisac 1 S RCTE B ARl ArrUly PRt IR | ayer - The
term activemhferidPhdifg ¥h@ied, fife! déSins) RVRG!bARhIMohY aidthet@uaPtapps. s t hat have

a liquid crystal phaSe, inert or sem conducting polynmers having a liquid
crystal phase anbighhemitting addpthar electromcaliyaictive polymers aahibg omented in a

| ect i cal | ti ' .g.,.a.ch h ,..and i X
Cem contlict PHPAG R IOREYE "Rt P HAER ST aRagR AL AR A fBped wi th an
el ect roni Caédlﬂt?&}%daﬁﬁ%%s%d SHatibg ifeludidg oS TRRFChGEbIe alliée pdiMbACt | Ve

pol ymer 30 1 ncludes those that do not have~a I'iquid crystal phase as well as
t hose that mha hdsonmmtrik and shear coating; eoating an active LC polymer onto a suitable

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 siretching 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 pelymers having a liquid crystal phase and that are doped with 2
polymeric or oligomeric electronically active species (e.g., a chromophore), and mert or
semiconducting polymers having a liquid crystal phase that are doped with an
electronically active SM material (e.g., 2 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,

11



t hese and other nmethods are described in Martin Gell and Donal D. C

Bradl ey, 11 WO 02/087894 01  SEP 2005 PCTI US02/ 08794 "Pol ari zed g],gg@ nce
fromOiented Mol ecular Materials,” Adv. Mater., vol. 11, p. 8 {TE 9 5; M
Jandke eWQP20878345) 51 zed El ectrol uni nescence from Rubbi nd%&”l’?%@& 94

Pol y( p- phenyl enevi nyl ene)," Adv. Mater., vol. 11, p. 1158 (1999); X Linda
Chen et al., "Polarized El ectrolum nescence from Al i gned Chronophores by
the Friction 5 Transfer Method," Adv. Mater., vol. 12, p. 344 (2000); and M
Oda et al . “Polaized Jvmingscems] fzom AxtntgddvipleslanMnteriadss cAdyy Miater., vol. 11, p.

(2000) . S oPEF arclahre S R atSiAR Becucfiffines it o Mittind Arighea °°°
di sposi ng my(polsﬂe%me%bbﬁyﬁg/éo)?ﬂka&wa@a;w B, pl 11581999, I136Ha ORén L i X and -

shear coating, whefe the Jorienting host matrix can include
el ect r oni cal, Fpoladzed Elertrvlumiing¢ssencel foom AdighehChromophotesioytthe Frttion and/ or

P et R T2 P Bl LTl ca
e OrkRi AR Lo nil B SlnonL i CARIACAL Ao GagLe AR hod, Some

Appl i cati oua900cll 9569 B62%268005L materials such as fluorescent dyes can be
oriented in a nunber of ways, including disposing an orientable PL materi al

in an orienti ngSNoemitiess ¢ampesigntedda e nuBdar ehiyayswitshdingiedispasing #thg host
ot er | al <. rigtigls SM gt A i s ronfihe B4 iR s GpAtHl St e "] o,
exanplig, CoHARmE WSS calA@ide dddionfcally aRtiveahhtetialNeleRVntafiyi®&t and in

C. 20 Kocher et "al., "Patterning of Oiented Photofunctional Polynmer Systens
Through Swvhieotisyandbolight emiting mpteriale wapdhdepositinga chiral SMimatdrigl op.a 31
(2001) and Martin Gell and Donal D C. Bradley, B "“Polarized Lum nescence
{Fom Or | eruedblish bR vapREI-@PRnE Ohlo g AmsplpeE Subsigre hgk o ndulss (1000
Referring ch?&:‘fe&oé}oﬁtﬁofASmGa' éﬁ%&%g%i?%l#ﬁxeﬁﬁbapgggr&;&%é& jrate 120.

25 Substrate 120°can be any subStrate’suit or CEL I ce and di spl ay
appl i cat i cother mEthode a@rdebaibed i &paatse LhirDOpemPaenphppicaiba 2600-¢ 08673, pl ast i c,
or other suitable material(s), that are sub%tean_t ially transparent to visible

i ght .15Subst r at BL masegainsughas Tiggresensh qyks oap beiogiepted in) » grmbex o Wa¥sanpl e
some mat or e igRidn difeobile Fif Brusfl ;S ot ile 8 pudeif b ffearecaus
coating, where the orienting host matrix can include electronically active materials,
electronically inert matenals, and/or light emmtting 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 Oniented 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 Onented 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 snsceptible to

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

12



30 damage due to exposure to oxygen and/or water, substrate 120 preferably
provides an 12 01 SEP 2005 WO 02/ 087894 PCT/ US02/ 08794 adequate {1 SEP 2005
environnmental barrier, or is supplied with one or nore |ayers, coatings, or
| am nat es MWa02/9878% de an adequate environnental barrier. SEPEIVUHLE87920 can
al so i nclude any nunber of devices or conponents suitable in OEL devices
and di spl ays such as transistor arrays and other el ectronic devices; color 5
filters, polarizers, wave plates, diffusers, and other optical devices;

i nsul at ors, dileguateenvirbBentsllbackervrtis bupplied sKthvéitelor aide ddyRes; csatings, or
conponents; and the_like. K General I%/, one or nore electrodes will be coated,
deposi t ed, pamiReehat povidens aiswaticrnygenswgniahbariemst rate 120 before forni ng

t he remaining | ay f - ' .devi e\l ce

| ayer 120, Wnen 3StgRee PR aRo dbel By MtleE 81 Btyi S5 % SGwaftpt AR TS
devi ce or degELeRvites ahPlisplayedich bs finsistbeartlye ahd odier Sectedie Hewe@scdlpat are
di sposed between the substrate 120 and the em ssive material (s) are

pref er ablsy Shilterspalariders; wave platasadiéiusers,canidiogier opfical dewigess insviatensshamemt
conductive el.ectrodes such as indiym.tin ,oxide (1.TO .0 f a nunber of
ther tr ans e RlackaTRITEA TS ek dnd Stier Sprtrporpogtnssniabe Y. Sendnl. gpe
combi nati on G SlSNBHRes Wil ?@é&téd?fﬁeé%%ﬁed Jpétt%\%\ﬂ g%g,e?@fseh?i%,g% gevi ce 100.

For exanple, elenment 130 can be an modudl e n device s a
backl i ght. Gubstatet@fdefové forinkay the oeemaihingriaysr entayers of dre OEL deviow iod devitest ween

the LCD nodul e. and t he backl iv%{“ device 100, .for_instance an a[ﬁsorbi ng or
reflecti ve Qfdhadeyicsivas | e When 3 hghtdransmpssivespbsiraticl4Gis usepandsthe Oy £ an

refl ective cth Bepidre SO
plates: Ho (M Rlefie B Honbitaiihe, B Hfo006 ALaEC o sRUBIGEE 0 "V

proj ecti on sgpiweasthe sibitgld ID0smdehd anizeive MiatéridlFF arePrefotabbr subblahally
conponents, coatings, user interface devices, or the |ike. |In_exenplary

appl i cat i onstranspameahio ligkd fprexamapsstransperent ¢ondnctiieciestrofesseh o8 inshumaini s i s
positioned tqQ.al pol.arized |Jgh romone o re.of t.he devices of

fevi ce 261 gt GRORB aBLofFhute? o orer Bra et e RUEHE oifar |y ¢ anemi ¢ ¢ ed.
By including a pBleaicnZ €30 tdh Hel 9 leledient BEcSHhBmhh H:Bements seitdbid oalde
proportion of the anbient |light and undesired reflected |ight can be

bl ocked, 15t hevidh PEledigplaygr g¢vaeecl O8n dFor nxamplsi elgmentri3Pasn be anfhidlz mepdulehe sane
tinme allown olLarized liqght .f the polari.zed |ight emttin devices to
et anom t (2R P isp Akl e B PR e R S e 1 30
IL ont of  t heyrdieel B¥twidel IROSCHInRARAE Mid the bhdkiiphPlSACeSRI00 forditancélangned with

absorbing or reflective clean-up polarizer. Altematively, 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 actas a
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pol ari zation axis of the emtted polarized light. In essence, the polarizes
gan act asla 13 WO ﬁ2/087894 OleEPb2085 PCE/P§42408594 one-mag1qEEqNaLl
ensity fi in that it can absorb about half of the amnj | ile
al | owi nééﬂ%@{%&n‘{]i ally all enitted |ight through in some rﬁ[}%ﬁ"%ﬁ’ When
achieving a high degree of polarization of light emtted by the CEL | anp or
display is inportant, a polarizer can also be used as a "cl ean-up

pol ari zer" to increase the_pol arization ra
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di sposed on strate organi—c transi I ncl udes a sour%e 152a
and a dr aa highWRpreedfpolacizeti@co 0gn ebdified Bythel OELNAhp or displagds imsortaayer 157,
a sem conductor |ayer 158,-a source contact 154a that 10 connects source
152a to seothuzsnean alse benecd asai “clean-up Rolepaera do incsepse thaspolamzabien rafio Wy ai n

152b to0 m_conduct 158.  An ne., or re. of the n tiv r

sem cdnd PFBE hEralredongr FR4mERE) §uiiaistialhonidh s it Hept b fffenot

el ect r oni gaelthe A&ditedPolatBh@én @hte. FUrther, any of the organic electronically
active materials can'include an oriented material, which in turn can be
patt er ned accoFHs.nfb}) shomstanasigaré trahaistpr 25k dispdediomecsubistrate 190eTpar ti cul ar
construction of transistor 150 is own. faor .illustrative rpogses, and any
sui tabl e ?fﬁawgit@p&st%m%{#aeﬁpme@ﬂa%d adEn 130ha 93t elegprdeca B2 any

mat eri al e - Joriel i [ LG Rk e or
di spl ay @5%%???% é% g‘?ﬁ’l gﬁé?ggﬁ oni g&ggi/a?g%{sﬁggﬁ? g‘?\éic%gtagrl e%‘ttlz’g material s
for pmw ardodcts solirice 2622101 semiiandattor A58 emdandreih neact 1 54b thapcapestti es can be
made at | east in part by selective thermal transfer of oriented or

or i ent abl érapl2b; ta|semicontuctenbi&rafny pasOF BEreRfibe caMBIIVEST a desired
receptor & ;ﬁé%@kﬁg%gl%ﬁﬁégmaaﬁgsz%@lsé IC%I?H]C‘U'C%%_L Pgit gﬁegu&%'c&igéecgﬁé spl ays

and | anps _ ry-orrenting an 'LE onor _ and t hen
sel ecti vemnYteriaR Sirgiet, 209 of A% Gohb et ubiRallPi&ivedh@8AaR car itdlewht h ot her
device layers or 25 materials to the display substrate. Sel ective thernmal

transf er @fent¢demeteriahmddchmattum can becpattemedpeedrdingdd methods efitheprgsent al | y
mai nt gi ni ng the i entation of the transfe terial..Ar f .the alignnment
and obi en’t“gﬁ“b(??' %&%"‘%&FEF‘ logﬁﬁg@"ﬁ’ﬁ{?r ng E%%’&“f’ofprﬁéfs%’"‘éw ori ent ed
em ssive ]‘3 {es,(ﬁfd AiRETaKIE 1B Q8r BORHUCAN &R b/uRa! 'SUBstAY 860 cAibel NE

transfer sheet. Alternatively, an oriented or mcrostructured functi onal
al i gnnent artyapeterial suitable for use as an organic electronic device substrate or display

D

&=

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‘se]ective
thermal transfer of oriented or orientable matenal from a thermal transfer donor sheet to
a desired receptor substrate. For example, polarized light emitting polymer displays
and Iamps 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  maternals to the display substrate. Selective thermal transfer of the oriented materal
can be performed while substantially maintaining the orientation of the transfer
matertal. 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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30 such as a mcrostructured hole transport |ayer, can be fornmed on the

di splay substrate, via thermal transfer of an oriented functioggl 2;23 nment
| ayer from a donor sheet or 14 WO 02/ 087894 01 SEP 2005 PCT/ US 1%

ot her wi se, WOJRIOT84 by coating or selectively thermally tra®STaS0G%4N
orientable LEP (or other orientable em ssive or electronically active
material) onto the functional alignnent |ayer. By formng a functional
alignnment | ayer, the em ssive material need not be transferred in an
oriented st atlerwisadfoliawet) by coatirgrontyylectivey closmmally transferringemsorichtabled Bitt  of
thermal transfer can heat the orientable material sufficiently to allowit
to become &9%YReNcRiDIE emispYe 6F eleptronjcalhactiye smatersal) ontp t fiombyer .

Alt e : PN cor ! |
(via Sol cot PETRRIER "By oRERE L GhaidheERARE R Ik Ife LG, Rid@iTf | overs
post - or i ent adt bytraisfarsicalanigiepledGaaél0d mdybexvaldicsy oRadniEitionalaneanti ent ed

conductive or sem conductive polyner can be 10 patterned on a device
substrat & viTRegel efdhermal travsippgantheatbe onieptable matgoalnffigenth madaw itter nore

| ayers of ap organi.c .transistor. to form el.ectrodes or, char transport

| ayers for g?ﬁ_ %I%’Wné%é‘:”ﬂg? é‘éxﬁq‘zté)_tﬁ%\ﬁ?mg!ugﬂal@ﬁﬁiggmeg@ax% éﬁ% at’ivgnl?”oei ng
transferredolieabR rHaBedis 8388ded dn' qu,@thrﬁPali@ﬁﬁérﬁ N4yRes (WddeldcByinenpil the
transfer sheet that may have been utilized Tor ali'gning or 15 orienting
transfer | ayensfeetrenom desyerdicaalhmtansh earsbt pest-oneatesithyrancginedling pedcedineg nment
| ayers woul d undesiragbly dimnish device functionalijy, and nay or nmay not
bo” 1+ anaf o7 BHR PO, HLORHI A FHoeti i Gf SP PR HEp P @EPEi £ t hey
are capapl e e ' ' Loral i Wity to
el cot) ol yPRiemB] 8 Belie s RIS AR el YAELLPRRI d donof RFTcBiRbRE Y |
al so transf ef rrionglagers alf iag orgmic trénsétoratd fows e2tgdesbeshatdeardanspdrt layers for
choosing alignnent |ayers .and orientation nmethods. Selective thermal
transfer of OEydsvdcestthie Hk®Rg oriented or orientable active materials for

organi c el ectroni e () ' r. donor.
FIG 2 shows an éﬁ?ﬁt%pﬁe&g%tﬁﬁgﬁﬁgﬁbfg ns?‘ér 50%‘6‘?"58@%}?‘%&6 %F’ use in
the presenpréfayahthaviayerbofithe teinefte shec? Mt g hade beeh Wilied Sothsighimger 210, an

optional 25 underlayer 212, an optional |ight-to-heat conversion |layer (LTHC
| ayer) 244, Oﬁﬁfmmfﬁéﬂaﬁeﬁ%‘@i’ﬁé&é} arg gt thefiselyes rapsfersed if sydy alignmenth ot

conprises a rient .01 e m ssive. eri.al_or functional
al i gnnent | ga g'fs.wﬁggﬁn%sugﬁ@s%"@%é d?\vﬁ%e gﬁguﬁé@ﬁ’ia&g@aﬁ% r%ﬁhgt ail in the
di scussi on thadfefred AloMs withithebritm¥e frinsfaiapdrsRatbRaly) §5®8Y are capable of

providing or enhancing device functionality. The ability to selectively transfer 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. Pgtcnt
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Exenpl ary 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, arf! SEP 2005
CcO- assi Patent 15 01 SEP 2005 WD 02/087894 PCT/

Applica?\ﬁ’?ﬁbzggﬁgél Nos. 09/662, 980; 09/563,597; 09/ 474, oo?;%%i#g’@fbim; and
09/ 451,984. I n processes of the present invention, oriented (or orientable)
electronically active and/or em ssive organic materials, including oriented

LEPs and conductive or . .5 ' lyct 0 ['SinnC e, selectively :
transf er r SPPRFEIAT @@Nﬁsé@&f%@&g&éﬁ;gﬁ h@@ﬁﬁ%’s@?ﬁ%’s‘lﬁéﬁ’gdonor el ement
to a recephQiiighstrate by placing the transfer layer of the donor el enent
adj acent to the receptor and sel ectively heating the donor el enent.

|1l ustrativel y Inpheestesof tiedl present inventidne osetted (orvorientabid eRdtrbyically adi at i ng
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separate LT I nyen I e [ e .c v b donor can
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including visible light, infrared radiation, or uItraV|oFet radi ation, for

exanpl e f oftheadononslement adipcendto the nenepionend selektivelydheatiogithealonor tlemese| ect i ve
heat i ng hods can,al.so be 15 used, such as. usi a thermal print head or
Using & ¢ RUHARVES: HEARReF Qemgnt t38 by PP iibe R ol Srediiotuch as a
heated si 'eleﬁ%%?uﬁmmﬁ{oﬂ%%dﬁ%n that 8dr] 5 atR&ive8 liéﬂfifo-ﬁ@a@ ch?\ée%’Hfﬁﬁtérﬁl

sel ectively heat a do Material fromthe thermal trans ayer can be
sel ecté veldispbsainaftbe dabr! often mexcsepsrate LTHE hayer,axdrenvértedi inmdeai. Sla thesem
patterns of the transferred terial, on the receptor. In many instances,

thermal t FA¥&{BF dBPRFRN BEGPOTES te IBAZInE RAIAtIORTPraveh she damor sWbstraler . to
pat t emii S @ BHAPRE bl HOBbothi AThE Faci A RAh ARABUSoRAH HIGE ilvelefigmaccur acy and

preci si on can ofteh achi eve Sl ze a pe o transferred

pattern (énduding visible light, infreed Bdimior, oraltratiblet ralimion) for avample femntr ol | ed
by, for exanple, selecti ng]ét he size of the Iight beam the exposure pattern
of the |i daser, haap, onatker sueh adipoasowice.cOthe splgeyednating mefiods camalse her nal

fer 2 , h feri of .t he th | t f
o oot el ek & GFRCA eRRt it b SPSEHE Sty ot et G e AR gt ne
donor el enfdnal RSP SudkBiske heAfed MERhO Rafhp tRatt e hFBliefPhitehh thRddn ®e Ot her

heating el ement (patterned or otherw se) can also be used to selectively
beat the akesrblo selestively hdatraedarioy). Mhterialfyom plag thermalwragefer layersdamrbei ng porti ons

f the transfer |ayer. | h _the |ight-to-heat 30
mat er' al | AROE R GRS Cra FeCeRi 1 AP ET iR [ THBRE PO 0 o1

heating {ransferred material on the receptor. In many instances, thermal transfer using light

20  from, for example, a lamp or laser, to pattemwise 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 pattem
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 iradiating 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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16 01 SEP 2005 WO 02/087894 PCT/ US02108794 el enents may be particularly
suited for making | ower resolution patterns of material or for LFZSEFr £ Ng
el enents whose pl acenment need not be precisely controlled. Trans z;@ rs
can also be transferred from donor sheets w thout selectivel transferring
t he transf@?opzé'{%?% For exanple, a transfer |ayer can be fo L7 4onor "5
substrate that, in essence, acts as a tenporary liner that can be rel eased
after the transfer layer is contacted to a receptor substrate, typically

w th the application of heat and/or pressure. Such a nmethod, referred to as
| ami nati on t ¢lsRente mayhepasiculybysuitsd forgpaineg loves resohition pafters of atqrial gF | or
a |l arge port} t mass transfer
can vary dep@gg?tﬁ%ﬁ%% ]?"lnel&ﬁ@ggs%%ﬂg%ﬁ%g{ ?v-ét}x%ngQ%g |1r¥géb§¥rrpgﬁ%c§ied, t he type
of irradiation ifTiaefkr l@eRanaBotbeeradgBREd fibheddnvp sheels witlha ktlattivelnd
properties of the optional LTHC | ayer, the type of materials in the transfer
| ayer, the olfnsEing thestrangfer laysr. of oriesamplena fransfprlaysysan be fermragmnog donor

bstrate, the,like. Wthout wishing to b b h
Cr ot o SyenBPsS thatnessaed A ks AR et fral ke BB RS Homsti 1
nmay be enphagi&edcaitasted mméﬁtéﬁﬁlbgméngpiﬁgbzghfﬁ% é@ﬁkﬁ&ﬂﬁéﬁ{eaﬁmi ng on

I mgi ng condi tions, donor constructions, a One nechani sm of

t her mal t r angressurd. flchdegethhd mefdredwd os emimdtiontransfes canbe uedd/to ttansfer e d
heating at the interface between the tt?‘er rrgl transfer |layer and the rest of
the donor efieansler a)’%'m%‘?*‘ﬁfﬁ?l’o?&'i%'ﬁ’f?" flo thereeqplorng| "t ransfer layer to
the donor in sel Helf ' r nsf er
| ayer can adhere ﬂf)é ?ﬁgk% rec@é?%sﬁ?ﬂﬁagr&gp%n%%?%ﬂ@% 0%121?%- h@g&%ﬁ&{s‘% t hat
when t helodonieating enplidyeidsthe eypevd diradidtion if asedad edpgenhe dosorothe tpe dfr ansf er

| ayer remain on the receptor. Another mechanism of thermal transfer

i ncl udes abl Betetials apd pEersrtichnd tesgptioseld TBe dayss dhe hipe ehmapialsiwdhe Handp at e
ti f . | recti
Dbl ated rmt 294t b Bt comp@leflon @t bnetonb S EREP b eI bl SR ER" ' "9
transfer i ncWitiest wishiighbibebbuahbiyie theyry eirefdr genétalbpotediviaont benor@nst er

| ayer can be subljmted by heat  generated in the donor elenent. A portion
of the subl i weghanisms: ers of merPfvgnelemay be amphasizedas detesphasiged dursgent

ot her meBnantAshavG e, S @RRAEE o it Pl s, b PRl ieel® g &6 Gonor

el ement can Ofe pheekhrian eftiemiinfankfep it fiRles HermEtIBEN-Bfidk traRferavierebysf er 30
| ayer to receptor surface. 17
localized heating at the interface between the thermal transfer layer and the rest of the

donor element can lower the adhesion of the thermal transfer layer to the donor in
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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WO 02/ 087894 01 SEP 2005 PCT/ US02/08794 A variety of radiation-emtting
sources can be used to heat thermal mass transfer donor el enents. For
anal og techniques (e.g., exposure through a mask), high-powered [i{g§EP 2005,

sour ces W@ odpg7ssenon flash |anps and | asers) are useful. pefadioghéak 1 magi ng
techni ques, infrared, visible, and ultraviolet |lasers are particularly

useful. Suitable 5 | asers include, for exanple, high power (> 100 miN single
node | aser diodes, fiber- coupled |aser diodes, and di ode-punped solid state

lasers (e.g., M%@g mgdimgé%!éx@tﬁﬁﬁgggrg%%gﬁfﬁéwéﬁ t&ng;ltlthérgm? TSt FrY

wi dely from for npl e, m croseconds to tens of

M cr osecodsior @lemEhtse  Foa aflalbg sehnigueeoe sexgmuieahiough henisk) e gh-poomtedf or
exanpl e, about 0.01 to about 5 J/cnR or nore. O her radiation sources and to
i rradi at i behtcenges (eexenan flgeh lamnsapd dasses) age wyelula fion gigitah #paging ngs, the

donor el egent. constr jon, .t [ r.layer t.ernl al . e of
thermal m W?ng&reaﬁ%gﬁgﬂ%taﬂg?ﬂ&% ucgi%{ %zsi%rts %ile .ar%‘élﬁﬂ% P&‘#ug B%lflgg’&acenem
accuracy Jagerd S0 fr @xSmpleV¥iSH pBdet &5 MM W) SBRIR0dd BEerWibdes! fibat Mat i on
content displays and other such applications) over |arge substrate 15
areas, a tapbed lagen divdlegand idendegrimpadssetidistae lastrs (e.gdiNd:YerG endiNdeYLERs er

sources are also conpatible with both lLarge rigid substrates (e.g., 1 mx 1
mx 1.1 nhF QRO S AP dalB BOBY 195 W@lﬁ@rﬁ%%%ﬁ'@% of 100 m

t hi ck pol yi nj : | ' ' el ement
can be brécf)]:lfgh%%f)n&ggftﬁ%siorfm gog%c?htgggt Hl\%ﬁ’tﬁgg %%gggg%cre Easb&rélg@? t’?‘[fﬁi cally be
the case from, fdresxampleEidut 6101 ¢l abswtrssl/eir® 3P mivee. hOtics Padiatitn $dtecdshaanal nass
transfer element can be spaced, sone distance from the receptor (as can be

t he clse madiatigngonditions candespitale hasadns amongwtharithings.dhe denariclanent r ansf er
hani . In.at .l L nst. dt
T u the Cansrheich eBPher BV AR molE BT MR Atha R 80 oG 150 |1

sone i nst @arRE9ecto. Mask can be placed between the thernmal transfer el enent
and the 25 receptor. Such a mask can be renpvable or can remain on the
recept or af t er Whearhighespot placemeritiagturacyistdesired(srg: ewhen pattarmingslementpr esent

BRI RN T T ENRE RN N
fashi pn (Gresk, a 15cpbdrtld parfuldly @RANQAY IR ROPHIR sbiifcUTAs@ sBBRES afeQidder form
| magew se transfer and/or patt'erning of the transfer |layer fromthe thermnal
transf er Giinpdtibiewith bothtlge rigidbpitatrated §e.g., 1 m x 1 m x 1.1 mm glass) and
continuous or sheeted film substrates (e.g., 100 pm thick polyimide‘shccts).
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 trﬁnsfer

30  element to the receptor.
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01 S E P 2005 WD 02/087894 PCT/ US02/ 08794 Typically, selected portions of
the transfer layer are transferred to the receptor W thout transfjergrprggs
significant portions of the other |ayers of the thermal nass transfer

el ement, su¥R QBY878%¢ optional interlayer or LTHC | ayer. The PeEUERBSH t he
optional interlayer may elimnate or reduce the transfer of material from
an LTHC | ayer to the 5 receptor and/or reduce distortion in the transferred
portion of the transfer layer. Preferably, under inagi nfg conditions, the
adhesi on of the opkypinadly. selected Ipastinns od thereansferiagert argdransigrrgd éntherecentor t he

dhesi f the i lL.ayer to.the t fer | . Thee,i | b
Cr anan osi ve "Il BRSGHNE siaispnnoch R vbe S e Redhfmat s R,
be used to abipiualficRhs Bk Rpfidhat thit&Paer 8 LTHE IhR¥elThe brdsema d¥dhé aptical on

transmtted 10 through the donor and/or to manage tenperatures in the donor,
for exanpl e interiaytuomy dilndnatebr wdugetlie ander dfasdcriddnug en LdHG ayer trtbe er
l'ayer during imaging., Miultiple nter]ayers can be prgsent. e thermal
transfer 8l oREPLTAR 05@(‘3&%@?@% ladi*%%wﬁ%feﬁmomrﬁﬂéﬁsﬁrm#ﬁﬁ?g?& s that
have | ength | | BB0Si . t % RREAL VD B 15

| aser can be@?%g%%ﬁ.n%r%&%ﬁ%&gﬁﬁcﬁ%ﬂe agg?%é%%gopé%% tEer)Lmal %hr%ansfer
el ement, t he LTIHG ¢ayebRigngated ehancthe udhesionpdnind @krlager tolthairaesfer layort Mhes of t he
thermal transfer elenment according to a desired pattern. Alternatively, the
| aser may belgedeyessan Yo Gansmuspeve, IQ%@PW, apg/gpalserptvedpineging gadiations akht or
substrate noy neat h..t | aser . L LN it V.. essary,
dosi rabl o 2k BF CREr dblie el BB PR A E0 N eale P BE BRARIRE
thermal 4 angiagetRmabsaddtrite m@g@&h?%t&es e a68orOfbr @x RPRAb @Educkor
exanple, nultiple |ayer devices can be formed by transferring separate

| ayers or seghormaborradighion-basedgpmage tor bmrdnsiedapsrduringnmagingr Multiple

el ements. Miltil.ayer stacks can also be transferred as a single transfer
unit froma "étFlﬂ %f’&?&pr%ﬁeg nt. For exanple, a hole transport |ayer and
an oriented LEP | gyese thomfad raRferlerhém 8drftd @dd fih@tbmgthaif ndpsrer - AS

anot her exanple, an oriented sem conductive polynmer and an enissive |ayer
(oriented or elementsthat heee dengthr ands¥idtly dichenfipnswfa metey e muos ol opwtdtionpa e donor

heet b tq f t ts in . th I
The r eceqt or IsserraRFEd of RIbEREE RodFOFroONG PLES thSTal SRR R APt o or
llayer conpri gjsbghéfg eéle&mgg)gkﬁéggam&hﬁm&fp&mﬁstdf@ge thefthillteiBfer eRfhenf! OF

(for exanple, red, Qreen, ) can be 'used to form RG sub-pi xel OEL
devi ces for acdantlingdok desippdipatterne dlteimptivelynthetliasagmaly de istationarycind phay . As
anot her exa

nﬁ-lxc?ma} tgransfer element and/or receptor substrate moved beneath the Iaser.
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
comporents in the same layer on the receptor. For example, three different donors that
each have a transfer layer comprising an oriented LEP capablé 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,

19



WO 02/087894 O 1 S E P 2005 PCT[US02/ 08794 an oriented conductive or
sem conducti ve polynmer can be patterned via thermal transfer fr 3l
sz{&:om o%e or

donor, by sel ective thermal transfer of em ssive
nor e ot e‘#‘hg%ﬁ Ps to forma plurality of OEL devices in apéﬁi}g{i As still

anot her exanple, layers for organic transistors can be patterned by
selective thermal transfer of 5 electronically active organic materials
(oriented or_nge':d), fol ] owed by selective thermal transfer patterning of one

or nore pAn@rentid copductive or sepicqpdpctive pofymer Gag bgpajtpmed Ma thegpaldeansisr | ayer s,
ti | 4 ; t d th
ke, o SHITRE P Rl 5/ Biechl AHRARAS b BIhIoF erfisE b oy B B0, 1E

other 10mbRi@hdralogoBno forfies pRt4lity iof ORL devachsda anfispi®y i Aestill pesthéerons  of
adj acent devices, or different portions of the sane device. Alternatively,

mat er i al sexampis, davees far ergapis dransisipeeean bapatisenad nsalastive ghermeblansferof t op of |

or in partial overlying registration wiith, other.|avers or .materials

ot evi del SeantRe i aithe i ol el Reithisd o plbritco R Toaebbes Ve il o1 e
net hod (etrﬁwsferlamérﬁidgto%ﬁé 8PRY%re PIREPS ubQiix &1 QHEs SuchRadbrMkds, etc.). A
15 variety of other Conbinations of two or nore thermal transfer el enents
can be useuissive layenspactivel eligroeentdalydns, ichargedtansparh vens, eketmedet layaps,mndg one or
nore portions of the device. It will be understood that other portions of
t hese devi€e¥® or other devices on the receptor, maybe formed in whole or
in part by any R En ' ' | ' cesses, ink
j et processes,l\%%gtagarl ogé otﬁg?ﬁ%ﬁh%%gng?%%%%%@é%%?@%ﬁsses,

whet her  cramtesinlsionnatteptarse forar adjavdny devdves, ppeidns Behdjacemgeiee ot 0 FI G 2,
various |ayers of the thermal mass transfer donor. elenment 200 will now be
descri becdiffereat prytions fihe samg devieq AUpmBavely.supterals fFam separse denen abl e type

Cer bpht natneets cobb FaB e SR o 106 o7 o EPRT OB LB MGG, oo,
ot her filgmeMbydis Sthbhiefiale previgisht pattedi DSt RSrecepisr bidihRembl teihsfek ensm ssi on

of light at a ﬁart i cul ar wavel ength, and/or sufficient mechanical and
t her mal  stomst othenymethebsrs-i photolishperaphy: glepesitiore thyewgh shagdowappils, etedi én,  can

be used. The donor substrate, in at |east so instances, is.flat,so that
ni § obm VR figaher anbirap i et nB he ranoier SHEenIs. a8 braf 8

typi cal | yiop@l Al RE, éatR Medfal @R fdrali@méd FormiiBERNE of iide BoRRPbE theheat i ng of
one or nore layers of the donor. However, as described bel ow, the inclusion

of an undémiicey dr wilkhewrsarstded thatixsherpartiamsof 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 conyentionally 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,
inciuding 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



20 01 S E P 2005 WD 02/ 087894 PCT/ US02/ 08794 an LTHC | ayer can be used to
i nsul ate the substrate fromheat generated in the LTHC |ayer dur(j h§EP 7005
i magi ng. The ty)i cal thickness of the donor substrate ranges from0.025 to
0.15 nm pr¥P&ELEEEY* 0.05 to 0.1 nm al t hough thicker or thi nHebTB{48194
substrates may be used. 5 The materials used to formthe donor substrate
and an optional adjacent underlayer can be selected to inprove adhesion
bet ween the donor substrate and the wunderlayer, to control heat transport
bet ween t he sub$HCAhyeraad bt hecdmodesulaty ¢he substrate fitonmoheat igemagatad) in tad LIHDN

h THC | . ' ' def d the.like-
opt1 onal  pri WA RRGSELR Be DREH {ORHSF SLUE GRPT SRRFES THIES RE™2%8at i ng
Of 10 SUbSEqgBt N ANDBSHOB 1SS LIAbGIARRIE SUpirhEF BGHRE shilEalaohlno

strength between t onor substrate and adj acent layers. An optiona
under | ayer 282ugsdy be coated or otherw se di sposed between a donor
substrate and the LTHC | ayer, for exanple to control heat fl|ow between the

substrat & and t heThemeteriglsaisedite fomg thedenarubsieateand e eptinpabrdisgehani cal

stability to_1 he donor .el nt- f t h | i,n n r,Qcessi ng,
and/ or i magi %’b.e[ %ﬁﬁ?ggwg‘ft% P‘gé%n(fg%falg’;%}te“f?%gﬁ%d?fg{rﬁg%g% éefa%SrQ%?/i di ng
under| ayer s agderidi@Clotofttol Keaf Ranspofti leResbnihS sutiserbRind ARPhhdelaleé? o 28htrHIO-

09/ 743, 114. The underl ayer can include materials that inpart desired

mechani cal amedgimg ratiiationirangponyta ithe BEHColayéretasdese iglagmgdefeckanddhalipt.e, t he
under | ayer cgg I ncl 20, materials that exhibit a.low specific heat x

de.
density and/ OPBW#WE‘WIBE%‘&H&?‘{? {p INCERasg p r{thytdrxggng-é%qoa B8t rate.
Such d | : )
uch an rrg{] e§db§é’<ﬁ{)en YerD BntdSEE sifiRirhRGmA3RG i&Rhsel th@%ﬁtﬁg%ﬁ?eﬁg_?ﬁgﬁ%ﬁ% thayer

for exanple to I fprove the inmaging sensitivity of the or. erlayer
may al so i ncdarde substrate amkiaadfaoenttlivers. nechani cal properties or for adhesion
bet ween the substrate .and the LTHC Using an underl ayer .t hat i nproves 25

adhesi on bet ween M@PQB’E?&WQ?’PY%%IW ray P?F@‘P‘é%?thﬁﬁv_s? disppsed ppfyega d
di stortion i &Jo%?ubsh’é%'}t?xﬁg}ﬁé E’flﬂgﬁﬁg&, fﬁx%ﬂ@@ﬁﬁﬂge& B Betordes the@"

under | ayer can be use reduces or e nat es am nati1on or

separ ati on ofubkfsie bridihel ITHHC layep Sux@ingdging rkbibr tolpro¥ite picbleanidat stalitiite
during i magi ng of the donor nedia. This can reduce the anount of physical
di stortibn ethrideneredenentiorsiernge. handing, doaerpresessing, ndigrdmagingaf&amples ot her

T L L
exanpl e t0 P4seigne®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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21 WO 02/087894 01 s E P 2005 PCT/ US02/ 08794 an air gap between |ayers
during imaging that can provide a thermal insulating function. ($&r2805 on
during i | y al so provide a channel for the rel ease hat may
be gener%@@ﬁ%eati ng of the LTHC | ayer during imging. P&%%@Sl}’zfiﬁﬁaasuch a
channel may lead to fewer imaging defects. 5 The underl ayer may be
substantially transparent at the inmagi ng wavel ength, or may al so be at

| east partjal.l orptive or reflective, of i i ng,.radi.ation. Attenuation
and or 't e 10t FBrOaNe R ER B ik th S A tnESE Mrbfitie RrcRHT
control hegdpariRnfudink Ghafik inid disFPgtovide aRBhfie] Fit9h@EAtAe bPgdskéthalmagn LTHC
| ayer 214 can be included’in thernmal mass 10 transfer el enents of the
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portiog of the 4 i"qf'fr[‘: | af | Wale : e
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Gener al | y, mbalsé deiatlchstpatthdiyrdbesrpaye diveflbetivie Ufitinkging radiltéen. Attdrghtion n t he
infrared, visible, and/or ultraviolet regions of the electromagnetic

spect r um ad/argaflegtion af imaging srdiatipn bycthe bndarlayes maybe usedtaseptrefiheat on

absor ber mat el[a' .%I StudhE rtn%g cally highly absorptive of the selected inmaging
radi ation,geﬁfo 8i HE Ch e | ayer with an optical density at the

wavel engt h of tRefehiRoAdih fliGRD] RNLTACtRRr238E8n Bé irkaled iPtirhel dakr 20

hi gher. Optical density of a layer is the absolute value of the logarithm
(base 100) tonsfanelements of e prdsenti invention to/cayple inpidiation gnengy intedhe theoralh t he

| ayer to the intensity,of |i i ncident. on .the |ayer. Radiation absorber
mat or i a1 TSI ety e LAF BYePTE OO ET f e Sopcrgesthat Ssas pe

non- honoggRgaLH tMdiatish (¢. g.‘,lia%& lighe) arfPeRN R at fis bR ®¢ tHeIn&@erd> assi gned

U S. Patent Application Ser. No. 09/474, 002, non-honbgeneous LTHC | ayers
can be useddtation ontbheit tb enplde stansfer gfithé irhreferilayed dronr thelthereral transTéri s can gi ve
rise to ttfermal transfer elenments that have inproved transfer properties
(e.g., bettl&penttgdhs ¥GeptBet ween the i ntended transfer patterns and act ual
transfigr patteras)eraipy| lie..r.adi.atd Iy Iy j j.ncl-ude, for
exarrpllg, dyes (Q. g. ﬁ%(}ﬁgﬁgl nofei 3%2‘%}&21?1’??%\}?0 etli%%lg%oﬁ% fr§1¥}rﬁg’11?teﬂcfndyes, '
f 1 uor escerinfidsedsyisible] andlir altravivligatgiohgofite electromagnetic spectrum and convert

the absorbed radiation into heat. The radiation absorber 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 1 0) 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 contro! 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 maternals 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 fitms, and other suitable absorbing
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dyes), pignents, netals, netal conpounds, netal filnms, and other suitable
absorbing 22 WD 02/087894 01 S E P 2005 PCTICJ S02/08794 materi ﬁ@s'

Exanpl es of suitable radiation absorbers includes carbon bl ack, { HEP 2005
oxi des, andvenee/887884ul fi des. One exanple of a suitable LTHC IPGI&IS0ZE87% ncl ude
a pignent, such as carbon bl ack, and a binder, such as an organic pol yner.
Anot her suitable LTHC | ayer includes netal or netal/netal oxide forned as a
thin film for 5 exanple, black alumnum (i.e., a partially oxidized
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di sposed i n examplacackyluminim (igolaparteally nxédized sluminum bavieg s dlaskvsuph a LTHC

| ayer may be_present arti.cul ate for | SSQ rial,

or ot Teust PR Reny MeedRldo e Gmp B A B8 F Toridiy feHEinel SuEh
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spectrum A specific be chosen on factars suc solubility
P and Gomyaeb B e By b g SEG TET L MG SR G SR S5 SR s

vveII as e

ts0 b [heqHftFaRIGid) ARG, & LTALIAIE ubBe fReRbYTRAAolIBRES i BREY | o
pi gnent s i ncofiblacic alutriinrhlogeka éating thapbortains aabmblachdxquiﬁadimbbumm nes,

ni ckel dithiolenes, and other pignents described in U S. Pat. Nos.

5,166, 024 and 5, 3?yesiwtablefhae$etqsaﬁﬂdﬁw ahsprbere laza&iai%#@/ﬁwaxas@aesw Bopper
h d,
or —chrom U"gﬁﬂ%h%ﬁ Oélssofl dlﬁé%fqyefmapéé%géghf@ }Sﬁidaﬁyms LB 4 ;glaelf e

and ni ckel azo W can be use ptgnents used

i ncludi ng, fmiatepdah MR disptsed partibelaubdibli®salRbroehy St ascllitiz pastick sliaé BaHM
bi smuth, tin, indium zinc, titanium chrom um nolybdenum tungsten,

cobalt, 1%i dbeam leabtiksbmepagtanges, @h@mdﬁaxm auless, @of pray be abputylepim Qy sgl,
car boni 11 deS s ndde tredves PRabebm e R aesen SPOEotEREY Ael ated to
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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 alumimum, 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  famly (e.g., WO3) may also be used.
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30 famly (e.g., WO2.9) may al so be used, 23 WD 02/087894 0 1 SEP 2005
PCT/ U S02/ 08794 Metal radiation absor bers may be used, either in §Rh&EP i
of parti described for instance in U S. Pat. or as
films, om0 Th S ot N, 5, 256, 506. Sui t abl bl & Bty ude,
for exarrpl e, alum num bismuth, tin, indium telluriumand zinc. 5 Suitable
bi nders for use in the LTHC Iayer incI ude filmformng polyners, such as,
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enbodi nent he b nder i ncl udes 25 to 50 , wt,. % excl u oI vent when
cal cul at i ﬁa"% ers@nd SRIETS. PRECRIYPsES; ard pRlyrFa O%e dé‘mgae%l r@fﬂﬂﬁo to 45
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materials of the binder, In at |east some embodi ments, a ther m)pl astic
resin t hatrosginkingef the LTHG b wﬁper@tsemeuqmbmmtaﬁaébeﬂeglﬁwm@ lydemmedng) 112,
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sui tabl e e reol yacr W 1I'cs ene-

pol yners and r%emiumomﬂﬁmﬂmhstMsiﬁqag Polyendty alaliimpedvecincdtileagt ai ds,
such as surfactants and di spersing agents, maybe added to facilitate the
coati ng psmeyytarmt@m:fomwe@fgy tmsf\}ba{m?@d{meomm) of st r at e

the art '
e By e BT T JE b TR PPl kin B Robieve B s PRbh s Ble. 0P °0. 0
an |t gorzgarl;:l'?cpfa?éﬁbaﬂé Hond?sﬁbé?fﬂté %&e%boﬁﬂﬂent”%%:ﬁﬂeﬂﬁl@&'s psthspmto 7 m

wt.% (excluding the solvent when calculating weight percent) thermoplastic resin, and,

preferably, 30 to 45 wt.% thermoplastic resin, although lower amounts of thermoplastic
resin may be used (e.g., 1 to 15 wt.%). The thermoplastic resin is typically chosen to be

20  compatible (i.e., form a one-phase combination) with the other materials of thc binder.
In at least some embodiments, a thermoplastic resin that has a solubility parameter in
the range of 9 to 13 (cal/em®)'?, preferably, 9.5 to 12 (cal/em®)', is chosen for the
binder. Examples of sunitable 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 denor
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 um to 20
pm, preferably, 0.5 pm to 10 pm, and, more preferably, 1 pm to 7 pm. An inorganic

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

0.0005 to 10 pm, and preferably, 0.001 to 1 pm.
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30 LTHC | ayer can be coated, in at |east sone instances, to a thickness in
the range of 0.0005 to 10 pm and preferably, 0.001 to 1. pm 24 01 SEP
2005 WD 02/ 087894 PCT/ US02/ 08794 Referring again to FIG 2, an o1 6E/AL006
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pol ymet hacril %%aggf&ggkggsterls,mg%oﬁeg%and pglglyu?g{ an s.eT‘Fln-‘eS ?ﬁé?cr%sset

mat eri als  amdy/Baot sutisedtialiy warisfi@rddMvith tleeeansés layenr exanpl e, thernopl astic
precursors and 2Q subsequently crosslinked to forma crosslinked interlayer.
Sui t abl e t her rmpﬁ!i’é‘!h?% interlayersinale %épmlﬁrpom@@zs, w6ta) P (& Bes,

I th : el f ,
o’ Tpol 'yt R GepasRRl Kt 18RS, nBYHI B AENAE, sol el ¥bosROF Byl o el
convent i onadeposited Japers o€ organicodxi(éofe. o XAk, dtand) ki@ bthee ortdl ogidespranyg

coating, or extrusion coating). 25 Typically, the %I ass transition
t enper at ur eOTZHF/1BATSRING CHBPPSS pYCriabEgans walsripls suiteble g5 interdayey mateqals

interl ayer j , Yol .
enbodi rrgsﬁt si,n%l"ﬁlg bﬁ\%?ﬁ%@%ﬁﬂ%@%ﬁ@@%@?ﬁ%ﬁl g{siltt%grra e??egf}xafﬁ?aiﬁ has a Tg
greater t haincludeyesithimiypbecrotdlinkse Uy heat) hdidtioa) el dhenliel @featthient Ng | magi ng.

The interlayer maybe either transm ssive, absorbing, reflective, or sone
conbi nat i oninchdingpbut nat lighteditpempsslinked or crosslinkable polyacrylates,

polymethacrylates, polyesters, 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 (Tg) 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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30 radi ati on wavel ength. 25 WD 02/087894 01 SEP 2005 PCT/ US02/ 08794
Inorganic materials suitable as interlayer materials include, f@r S$ppaggy e,

net al s, i des, metal sulfides, and inorganic carb ,

i ncl udi n‘é;{f‘?%gds? %t erials that are highly transm ssive o%@‘%’g}é}gﬂ\ﬁle at the
I magi ng |ight wavel ength. These materials may be applied to the

| i ght -t o-heat-conversion |ayer via conventional 5 techniques (e.g., vacuum

sputtering, vaguum evaporation, .Qr plas | et depqsition). The interlayer
may provi de a nifEARC atB’éﬂéisP’tt%bge ?’TQE‘WA%’E#‘F‘QS?EF@'H’&%}“@%%&TG ?‘?’é‘}et fai nst

t he transf At erl f ' o : ' : may
O e e R s,

t her mal | y thatsir@bighly traismissivesoraefledipvetat dresfrapingdighfoavelkagth! &hedehe
interlayer can act as a thermal diffuser to 10 control the tenperature at

t he i nt er PRRterygamayds applicd to e lightfo-berk-comyersipn layeEYialcaleentiopdl] atj ve to the

t t ttal ' { nhe . Thi [ : [\E i.e.,

surfacs 1 orumils RE SRt ommlEtioe Vehom Spiorffdh, oRRERYR L HepGYBH Yo' ©

presence of  anTidinRile ! af?:\bvﬁie%)nﬁrﬁﬁét'dfbbﬂeﬂtﬁpmﬁﬁer[ﬂyéﬁﬁlhﬁbérﬁm)ry in the
e i1nte

transferred material. rlayer may contain additives, including, for
exanpl e, photeiagainstiho fransfesofmateticl iomghe Pihirtoritest couivarsionclayesr $t mand
coating aids. The thjckness. of the.interlayer. m epend factors such
2, Tor edrediiakdheismmerimpre stiamed in iy 145 stk el upote
propert] ki eat Sfruldieita, FEIRXARDR, "ARGEL 4 AfFRlskARST er

| ayer, the wavelength of the ?mé‘?ﬁ’g ra ilgt&?%%%} an? t%?s[c}i’gé%%li on 01]?{&5
exposuoe abntrbkthe henpariturd atahes irgerfaiednbntenttbe imatiyeganditie atansfer lafar pol yner

interlayers, the thickness of the 20 inter|ayer typically is in the range of
0.05 m t o reigtine to-be tympsraiar attaingchin the LIEIC ayg. Thismay pmprovagiegualibhpound

I nterl ayers), ' l.pt o _ | Sl _ nge of
0. 005 pm t(gé'lﬁﬁr;nﬁ%e%“ﬁ E{sé??%rg&x oérsg’oet%{itr@tgé in%%{fﬁé%!)ary{%ﬂf S{ﬂggaééﬁg%en gct i ng
t he ori entaalihRrlapdrendyedlso ebult ieimproned slhastcyemprcianhe trassfeeédmatedalin

alignnent layer for orienting or aligning 25 transfer |ayer material when
ori ent ed mat er i Bhesinterlayerangecentainadeérves indlading,danpramplephotqinitigiorayer or

he LTHC i. | kal .th b hani gal |
2l ter a0, SuacgR;wiBmeRs Redietiers, ARtk s s rSs BE NS R o
St UCLUT e depbidbon PRI ShdhSesS o ick Bpled et thd A Ak hde | ayer

is rubbed by a felt cloth to provide an alignment striucture in LCDs.
Al t hough pwbpyertiecief the LTHE layen themytenial andi pabperties of the transfer layer, the

wavelength of the imaging radiation, and the duration of exposure of the thermal

transfer element to imaging radiation. For polymer interlayers, the thickness of the

20  interlayer typically is in the range of 0.05 pm to 10 pm. 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 pm.

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

26



30 used in the production of the alignment |ayer in LCDs, the primary
reasons for using polyimde in LCDs include the innate resistangg Sgp 2605
polyimdes to the conmon liquid 26 01 S E P 2005 WO 02/087894

PCT/ US02/ 0879W/7§% al | i ne materials and the high thermal stPAH/YIR)878¢

pol i m des, which can be hel pful during processing of transparent conductive
coatings. In the present invention, alignnment |ayer materials can include
any material that can serve as an alignnment |layer and that is conpatible

with the traf¥stalling smaterialpand thgihighothgana istagHisy of polnpidss.eviiriaean ba helpfirbnt

interlayer ipclud at er | t .pe sol uti .0 the donor,
for exanple © S P?ﬁ%e%ﬁ‘rﬁ%&?ﬂggé‘}a‘%ﬁ%@&%“g% ?agﬁgé'oﬁﬂgﬁ5%3%@??‘%3“8?=m erl ayer,
and then brusih@ehehplayeOnbRnaly cah it dnylndd(@ial Fat cOREérdgas mglj%h%plager

sol vent sol ubl'e polyim des such as those disclosed by M N shikawa, Polym

Adv. Technoind thatds compatite witvth¢ aeogfer Jaya niwserial 40 bel alighided, and brushed to
forman alignnment 10 interlayer or.an.alignpent coating on an existing
interlayer. Anot h%PcﬁE‘?lﬁgﬂy gﬁ%‘?‘%"ﬁﬁﬂ%ﬁrg’f: %matqr@g}atpgla%@sq)f%ti ng the
|l ayer with a,,.t e o HF. &, X e ' : gﬁi'ngst a
m crostructuroél?dtq{)ng?. el n t’h?{sé)?rig#ﬁog@a t eg%ﬁ&?gak%;@%ﬁe{nn%er yer
can be br ouginterlapéro andthica biushie v ereateianaligirhemttlayes dr tomingl Fdeexdngsaé, and/ or
pressure, and_upon segarat,i on of the 15 thermoplastic and the toal, the

m cr ost r uct utedvang selnpigrobamidestsieh andprfirdeteddy MaNishikame; Delvm. Adveyr abl e
T 1) 0 ] SRS AT SRS )

the appropri 0 en cure
m crost rct Uinggiabéd dranalighment dobtihz bA MR kxishm@iniédayeet hod that can be used is
one that can inpart an alignnent structure to 20 a coating di sposed on the
interlayer. A cl adsother mathediodifermjpgem alignmet dayerts hyomparting thg eyeopitle a

materials exhibit the opert f aligni hensel.ves unde hear t.o.create
o crost r Rt Ele APEBT e By Bonghe e MG RGBSl o

l'iquid cryst@ismeth6d SStheplaRIcL BN of ftertdykecan b2 BBuR Hitb @EntaBwHH & S can
be oriented by use of a coating nethod that produces a shear field in the

coat ed | i quimlidresficturéspion] ungdrhgat andéor pressira,ardsiponseprsationsafithebl e al i gnnent

| ayer. Nany coati et hads uch as knife coati r rod coating, and
certain ]Pype@‘e’a‘i‘oﬂ?%nlc B%berfé’ﬁfnl e@b‘ﬁ?ﬁ%, ‘%5&“&?’3&‘&?@%&"&% UG ayers
using sui t abhRnedING SRASE hﬁngxﬁneﬁfyegﬁﬁt%ﬁﬁi cdtl BSdisse§ BatieBga Mt eri al s
that are orientablein this nner 1'ncludes lyotropic |iquid crystal

mat eri al s, eapeestaictured fvoband theappfopristerigyenvf thesionrarsheet and then cured to

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 matenials, 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
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30 Referring again to FIG 2, a thermal transfer layer 218 is included in
thermal mass transfer donor el enent 200. Transfer |ayer 218 car( i SEP 3888 any
sui tabl e t r'g 27 01 S E P 2005 WD 02/087894 PCT/ US02/ Q8794 or materi al s,
di sposedwlgﬁng’ﬁl@j r more |ayers, alone or in conbination wF ORQpT>4
materials. Transfer |ayer 218 is capable of being selectively transferred as
a unit or in portions by any suitable transfer nmechani sm when the donor

el enent is exposed to direct heating or to inaging . radiatjon_that can be
absor bed [y matcgats, gisposedin OB QMO layers,plons orin piper R atheRt o heat. The

ed By Beiias to heat.
O | ont abl STAEL? FTARTEREPh 218 et R LT Bing I P Ao R MRS R i S or

ori ent abl @ortivngbphay Suitabll transferneichadisma veHenr the dodocélementds egposedanduct i ve
polymer. Oriented transfer |ayers can be provided in various ways, sone of
whi ch ar e difeegidientingion ta imaging gadiption thal ean herabsorhed bylighi-to-heateenyerte how
specific orientable trﬁgéflgr Iz%yer materials mght be oriented. The present
i nvent f on A Pr?) qeemet ¢ %Hg*? er |ayer that includes an oriented LEP. One

way of providi Nge Peseht ifMRbn coRtehipdiSd £irahG¥ClaybrthWincRAkI Aodéhted Nt abl e
LEP onto an alignirent |ayer of the donor, such as the alignment interlayers

or LTHC 1%5rientableslctesnicalheattbiearganid matehiak namtelywan otibxded or emerlitle LEP can be
solubilized by addition of a, sui tabl e conpati bl e solvent, and coated onto

the al i gniPERRAIY SEpsT vV inateriah and/ergonductive o semicomduetivippolmnse r Opgated oat i ng,
i ; SPEN* , _ t
um:legi (r:gg}nly I'nt e?%(g:'?&vx}’%ﬁ%&d%% %%]\A%Fm%sg%?é‘ggfve anygéi tg%ie:?h g’lgr eady

exi stilng lddseassion that foliows ioillusizse how Epeci G0 atichthbldtfarisiarayee nenaeds ed and t he
20 solvent evaporated to |eave a transfer layer oriented by the alignnment
st r uct ur e mighiksagientedet hod for providing an oriented LEP transfer layer is

to coat the or.Iihent as‘l;;lllte1 ‘155%0%%8@3’}% g;%ég?s?%r;@géﬁﬁét ilgg]?(lgtrzs a';nh%fjleé'{téd al so part

of the transfer Fgfleer. acti ye can be

transf er r gEpal OROx¥y stproVigding drfoticRted IR tran g Iaper ik B9 cob@ig® ofiérasié er

process, and becones an integral part of the finished device. 25 For
exanpl e, &FEPat¢ g aligrimgmiiayer phithe dongry suph asghe sligedentfintgrlaydre or LAHEhor t

IO Rl Bl R GRSSUe R RN SRS, I op0se,
o a1 atmtfors Sl ey a1, i Shelhnd Sl L g0 © o
or i ent abl eosting,gfawure cageng, medyer ol coatimg, bmifecbating ambthelikeaddietsobrenof a
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 thcrcin,r 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 onientable 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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30 suitable conpatible solvent, and coated onto the alignnment |ayer by

spi n-coating, gravure coating, mayer rod coating, knife coati ng @gﬂ; 'f[]ﬁﬁe

|l i ke. The sol vent chosen 28 WO 02/087894 01 SEP 2005 PCT/ US02/ 087

pref erabl y VM@8X0%I844 undesirably interact with (e.g., swell JACHUIEBHBWL) any
of the already existing layers in the donor sheet. The solvent can then be
evaporated fromthe coating to leave a nultilayer transfer |ayer that

i ncludes an active alignnent |ayer and on organic em ssive or electronically
active mat erpraferably dogsaut bydesivablydntesaet with §o1gs svell ay dissolve) arptofdmpalivady

met hod for providiing an ori.ented LER transfer |layer is to cpat a )

or 1 ot abl e | et b oM sheetahe b Ercendhi e fambtied Ry besratiag
sheet in an ent.abi ' [ L [ LEP can
be sol ubili ztggédbvg%a :tl?%}gﬁﬁ 0 allﬂs;}trutﬂtagg{deu C%Sr?qgtaal? ?ﬁ? aeﬁ%grfé\?%%a?,@; %ﬁid&lcoat ed

ont o t he donamgambemissbiy of plectromasliyg:tive giatenial @rienttibyghe aativeraligoshentdayerng,
knife coating and the |ike. The solvent chosen 10_preferably does not

undesi rabl y i nt er et 2angthepmeghod for prgyidingan emenisd L@? Ry fenlayenis tacpa 48y

exi sting | ay | 0 . ted from
t he coating &ﬁ%dr?g?féﬁgc’ﬂﬁﬁ@ox‘?’g?ﬁﬁégaa%}c}%os?ﬁg%ég%.r&?gté&é}g#g?&ssﬁ%egg?%gn t hen be

stretched ororicabitidhQErectidh. An3klk Qedtiest, ehe @idntable LBPah ®8 sbiubilifel ¢uliéisionf the
orientable material of the transfer layer. This nmethod naybe particularly

suited to | avf asaitable compatdttie solventhantbcogtegrante theidonor iskeet hp bpintqoatisf,er | ayer
Is coated onto a donor substrate,.thg co site.,artj.cle s .streifched or
'Itent ered to Eﬁwgﬁf"%}ﬁg’ Blr%?’grff’gﬁ?@“tgr Ewg'? %f‘?mﬁ%l“'&f@fﬁh%h‘éef'ﬁfée SOV FRYSe R aver i s
transfer jged fn@ﬁll'atsb?y 85553t RSt IG irktrabt w36 g&;.? SwBlY oaeglgaéi@ga AlhSfaay

pressure. Int way, the entite trans ayer, or ortion thereof,
can be transésstingdayars imrthe denqgyebent.c The 8olSentl dandhei bxeevapetabmidfrém theoeaatingi ng

an oriented LEP trapnsfer lgyer ig to formthe transfer |ayer on the donor
and t hen neciedmkea @Y?‘?}B‘%W@nﬁﬁiﬁﬁa phsheet £t %F“LEF‘F‘?"C ojeRieNeds, in
a particul ar;.diL ' ' o ' i '

manner, a sﬁ?‘f%%g{eg?rﬁ S%%Jdrfg%gh iﬂ?rép}g?{egﬁ@%?F?&ﬁ@&%%ﬁééﬁg{)%féhg%%gg er

| ayer nmmat erilaker. Rhisantthed malyibglpartemaslyisaited aslansatioshteans fek aethiadshvadrd &P

materials. 25, Still anqgther pethod for provi dgng an, oriented LEP transfer
| ayer isl% o efegfbletransier &AyeE i alcd optora doparSuRstrate, the CIRpRSHEaRECI®Ast ri x. In

e T e R T S
wel | as for frangfenedde its oflyaed s toahveseptdr byaipplying Beat SMl/or pressure. In this

way, the entire transfer layer, or large portion thereof, can be transferred in one

exposure.

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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materi al s, conductive and sem conductive polyners, and the |ike. The
orientable 30 material can be oriented by preparing a liquid solutiSph2ii§ the
orienta iial in the 29 WD 02/087894 O 1 S E P 2005 8794
host m%%ﬁ%ﬁi al, shear coating the solution onto the m§§%§é?8 dryi ng
the solution to produce a transfer |layer that includes the orientable
material oriented in the matrix. Another technique is to coat an orientable
LEP transfer |ayer on the donor.an t hen sel ectively thernal tra}nsfer t he
or i ent abl OSHPAGHBalgRah sheay coaEAfSplution pato t FSP“°T51%£§N151€§‘}C B#H ge
transport ' | ' I LRl ay
subst at ¢ neaeEa el Meltratihchaps iR dlenBROHaRRa ot  Mabll,
orientabl e LERAfdthasteeliniwyieno codt sharieatabkr INER trhnidden laydrivarthabiodorangf er
donor with the application of enough heat during the transfer process to

| ocal | y hdhen selectivelyribermnal ransfer the@mentable el onforniachvie alignmesy laves dFarhat

bo T o Sontxatis parareg nmnanicra ispia TRt Bhehs iosh R gsg " e ™
phot opol yngépihyaibsEae aB8 balshed 8fnibbe® ROTR M ﬂgnﬂﬁhﬂ@§aolmzaﬁd)dehﬁble such

as the photopadl yners di sclosed by M Schadt et al., ur f ace- 1 nduced

Paral | el IAR tyasfertlaydr can he patt@nyd fratsa themmhalrteansfey dGudrywith theedplication

Phot opol yners, " .Jpn. J.. pl. Ppys., vol 31 . 2155 992). The erials
can be coeﬂfré’ﬂ"'é@%Q%P%WP%BW%Wé%ﬂly%a‘a‘#Bt@& F’éﬁi DOTHERS th
light in RRG Qt'%ﬂ WA F ct as an
orienti ngq“n%i?rl X ?rz)lrg?%rﬁgq%?i e tﬁz}%logllgL .%ﬁg‘%p‘i %%g%talxgﬁ&g@?%eﬁ. al so

cont enpl at es a Amnathef techdiqueamnay bato ¢out laugiesraor blend efHarecrienstde LEPve or

sem conductive polymer. Oriented electronically active , pol yners_can be
provi ded Byatgmsl a@éiatm‘waaév%aaﬁq?emﬁcﬁhageqlrﬁbgl@ta@g@gi%wm%%\@dﬂrsht, 20
provi di ng | ( ' | I« 1 transfer
Payer 1 harirh e prokpRiyplcte aRERSE by M el Pl BratRl iRt eI (Lo"E
provi ded batigimyens of Lithli@ Crgtdlo By Livatiy PofignerRRe PheRpeBirers]t Ik, @.hA%Q! SM
material on the donor sheet, coating a chiral mxture that includes a SM
materi al dive. vela3ldpndkS55(1082). Therpaterials cambecpand et layenome adanersheet in a
| yotropi c or, other ori.enting matrix an hear coating onto,the donpr sheet,
Vhpor e dBrsipiy et e B o sl thaf it B RhEPR ef et ¢ o

ani SOtI‘Opi&%bﬁenﬁﬁ%Hﬁ}ﬁ&fﬂﬁtﬁ@yﬁémgﬂetm, donor sheet, and the |ike. The

present invention also contenplates a transfer layer that includes a
The present invention also contemplates a transfer layer that includes an

oriented conductive or semiconductive polymer. Oriented electronically active
polymers can be provided by any suitable method including those described above for
20  providing oniented LEPs.

The present invention also contemplates a transfer layer that includes an
oriented SM emitter. Orienting SM emitters 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 contemnplates a transfer layer that includes a
fluorescent dye or other PL matenal disposed in an oriented matrix. For example, an

30  onentable 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



fluorescent dye or other PL material disposed in an oriented matrix. For
exanple, an 30 orientable fluorescent dye can be disposed in alrd eﬁﬁﬁg
LEP [ ayer, in an oriented conducting or sem conducting pol yner éy@r‘] h as
a layer suiW@l9e#si88t use as a charge 30 WO 02/ 087894 0 1 S EPCI/EODHSE794

PCT/ US02/ 08794 transport layer in an CEL device, in an orienting |yotropic
matrix or other hose matrix, and the like. The PL nmaterial disposed in the
oriented matrix can be formed onto a donor sheet as a transfer |ayer or
portion ther tratﬁspoitﬂeyanheamﬁﬂiﬁ devage, iroan aﬁmngdwnep'm raateis: ct othrea hefeanatkiay er

t hat incl udes abI e functional . ali er xanmpl e, a
hol e trans po?‘t(ﬁ;})’re lé‘l ﬁ‘mﬂ”ﬂﬂg‘gﬁ?‘tscm%fa PHE’“E& éﬂ%\'?eeg 89 24onor
sheet as a tpahsffeet! a§¥ n§f3 Ia?é ion thelkBgd, or stretched. A charge
transport material can a coated onto a mcrostructured interlayer of

t he donor sheet sd‘hhlpadsemtpﬂmmhadﬁaomtetﬂwatemzitﬁﬂs&ﬂﬁyﬂrthdnmclmage
transport |layer has, a mcrostructured surface onto which an em ssive |ayer

can 10 be fBresderabledungtionnl alignmey laygr, Fior sxampig, phole tasport o elgcipn| ayer can

t hen be sele h fer

proxi mat el y ﬁ%‘%?t%retdn%tglgaelpr@%r s?é%tg{ﬂ?'a ear&(%ﬁIé&%g%:gH%?& géte‘f%‘?%g%&ayed?be any
i tem sui t abl gibhed, d sheichbd UAZharRREanSFir ﬁﬂtchﬂlcdah(ild&(_be dufedgiod i M ted to,
gl ass, transparent films, reflective filns, nmetals, sem conductors, and

pl astics. Fomiggstmpiteed nﬁerﬂ:e@epf the tk)mbssheattseghatayoneeianwettbmabﬁamﬁrsthc ate
or display elenent suitable for di s |cat on Recept or substrat es
sui t abl e for chE&e Fﬁnfﬁipggﬁl)g\ljga%ﬁﬁ}\ﬂg %ﬁﬁ? Wé‘f’%ﬂ Wﬁ’&t’?ﬁl‘*ﬁ@?"'&r DERLA| ve
di spl aysd nchydfnfeiGnd oHEnlfehePéi' Bl fnsebstrates that are substantially

transm ssive to visible |l es of suitable rigid receptors include
glass and rigid [hastiented hansfe:r]aycmanelmhndre sphtmmiylﬂﬁmmmtmm&rmm&um tlexi de

and/ or are circui ized 20 W th IPV\‘Gt egaerature pol y I I con P or ot her
transistor sHoTR¥Y t1q 3 PTORIPAGLY \9FgEhTecerPLiY ‘%‘ltﬁ'r GS‘E&'FH?t&bf té%i“’d l e

bstrate
fgf tsect [ VZ :‘ | %ﬂéﬂﬁ?ﬁgﬁg t?g}(;(%rl \}Ja}‘?&*lfr%pﬁ&'@a“ 4 ng %Yﬁ()ﬂ%?{ Oa§/er opt I cal

films, and ftriaesphatenefiinhd, eefidzliee §lrhs,tmaale,ssemnﬂha0rsbmcbpﬂast&d bor patripd¢,ned
wi-th eI ectrode materials 25 and/or transjstors, for exanple, transistor
arrays f by meteceptepsylsifaten may bepnRiyns o SgttFﬁ'éteroatdéwl%’rCl?m%§P'é?h1%83ftdlﬁpi‘1¥e

Sui tabl o pol PR eof epRSt bRl ERlR: B LT A dBlqudHABH 0

displays or emissive displays include rigid or flexible substrates that are substantially

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

20 with low temperature poly-silicon (LTPS) or other transistor structures, including
orgamnic 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 afier 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 chioride, 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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terepht hal ate, pol yet hyl ene napht hal ate), polycarbonate resins, polyolefin
resins, polyvinyl resins (e.g., polyvinyl chloride; polyvinylid n%
chl oride, polyvinyl acetals, 30 etc.), cellulose ester bases (e.@],EPZWﬁ

cel | ul osgvad M’ fsglate, cellul ose acetate), and ot her conv%f,g&g}fs@%l ymeric
& S

filnms use supports. For making CELs on plastic substrates, SEP
2005 WO 02/ 087894 PCTI US02108794 it is often desirable to include a barrier
filmor coating on one or both surfaces of the plastic substrate to protect

th ic.light em.tti [ . their.electrod t
undesi foq Kinaftd dspraglt bnc 535 o R Rimengoinasn i b SUiisst FREES can be
pre-patt erﬂﬁﬁm%%&ﬁ% BRcOthe WRERi Al iRt kRGNS deSices 2d thaRTl&@HSs from

capacitors, insulator ribs, spacers, color frlters, black matrix, and other
el enment s usgbsire tounddsired levells ©f diagp) aygegrndthehkaevi ces. The present

I nvention contenpl ates polarized light emtting CEL displays,and . devices.
I n one embodi neﬂ?c,epméu}éﬁ“é‘kﬂsz&%gEH?F‘IE?éteﬁﬁéé‘”flh%‘Ey‘é‘?‘ﬁ?" ’BgTea‘i/f?e}eé’H"FjFtht and

t hat have | t i ce n ] [ i L£fe | or and/ or
pol ar i 2at | DASIGE. aBfcllofE Fush ale RRDgRES colgttinaibithidd b WETbP! o7 P10
300 that i¢leheskesseuldfodeRbtrénic Afsplat ofletbcisiczs0 di sposed on a substrate
320. Adj acent devices 310 can be nmde to emt different colors of |ight of

the same pol ari Fha prosent invgntion cortersplates pRiapzedilight| emittingy@Ebdispdaysoindr i zed
light), th | folightot.h.diff t i zat i : i st
AL e R e S e g T
devi ces adipafRRk aHRcHRIdRViLEeHal éaﬂ*&m@ﬁgﬁtmhmgdﬁﬂhféﬁﬁéompénciv@p&%ﬁaﬁt ion of

these. The separation shown between devices 310 is for illustrative
pur posks ocHayacteridtifsa cortexareplec EEG. Besholbs ag €FElr disphry 306 thanpeludes over | appi ng,

G Spi ay. UBSETAY 8 OFbACHERaHS GoPoaebar A SRIaHe b < BEPrgerrGEs [0 Sdtar ent
conduct | VenaRo e i LORRESH IR SPkbins WDBEANS (L] AYRdibRaRS! T ped
a a a

pattern o ol e transport nate an tripe eating paftern of

red, greendispiagthat eraitp polarizetcliipht), diet sagre colarng lighPwith Yiefferenf mdldriwaidn by a
striped pattern of cathodes, the cathode stripes oriented perpendicular to

the anode charactesistics dwding dufrsent pelargationgrratalions ap Wetasmopgiofzgdpassi ve

oy, beor oo ae B P b AR BN e oL PR R o B By P

associ at ed W t hThélshhamsion Shelebétivetn 86visddGN0as forANestitiveDufpokésdgy st or s,
capacitors, etc., such as are suitable for nmaking active matrix displays.
O her | ayefdjacem devidesigay besapariied, eh¢antich®Vedopning)ete aer dilfsrenbe coat ed or

combinations of these in more than one direction on the display substrate. For
example, a pattemn 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 sfriped
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 Iayer or can be pattemed (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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deposited as a single layer or can be patterned (e.g., parallel stripes,

t wo-di mensi onal pattern commensurate with the anodes, etc.) ovdri §fRel@hodes
and/or electronic devices. 30 Any other suitable construction is al so

cont enpl at S¥OBIEEYM present invention. 32 01 SEP 2005 WO 02 P§HAGH2/08794

PCTI US02/ 08794 I n one enbodi ment, display 300 can be a nultiple color
display that emts polarized light. As such, it nay be desirable to
position optional polarizer 330 between the light emtting devices and a

vi ewer, for exanplneoneemhodimen, display 3¢ eande a)mu?tipée celios gisplay that emitenpl ary

nmbodi ts, h ,qf .t he deyi 10 ] | ari .light, th has th
sane o near PR bl et fabai i (SR NiertRionPRuT e 38 PPreshe
with itst rﬁm'@]ﬁéhm%aa@v%egaﬁ@sma@ryfoaa&ms tdedtaink theRBhBhdt 2REHON
orientation of the ligh emtted by the devices 310. There are nany

di spl ays anddidgley.clrexeopitry embodimentso vashed thehdevides 33 6 mentsipodayized light then
illustrated jn FIG 3. So of those canstpuct.i o are _discussed as
fol | ows. 30 ¢ seme R pealy; thepspmg; atigpigion o Bolapzer aﬁéh"éﬂi"q%?ﬂ‘t@“le&ﬁ”lg‘se as

a full color; I .5 : bl Ene . {e.410 and
a plurality lcﬁ E%@@%@%%e@é@%@éﬁg&&%@ uﬁﬁ%b@%ﬁﬁ%ggﬁ%q’%& and
430R.  Subpi xehitéd Bl thaddvivte $10.aThed aremanedisplagnshdddvides cOidtntauncevieht
each emts light polarized in the plane of the page, for exanple, as

i ndi cat ed bybnibeggareralopnsigitien idnstiatadmn ﬂ@ﬁ:d%@naog@mse gonpiiaeHons e - and a
bl ue OEL devhlge td tf C‘QS emts light polarized perpendicular to the plane
of the page, FBEreeR ﬂ@ €, as indicated by dots (). The images projected by

approprigjely ackiq/atshbds df ORICSispidy 300 thabshiap bk Shitildé forRe ab e ful &166
through pol arizers, for exanple a linear polarizer over the right eye of a
vi ewer that steicoseopicidigplayt isplenBE0 kwhides e Rubstrets Hldkande pluratnekpikelsed but

or rented |1l Kysh iyt Bos ive R aipaslerigr 5 AR Sibpintt A imetuceg

from subpi xel 430 brel \UnB aDIEOORE, ek R MYt EE@CerR 113 o121286 K tHeipWMe SN

subpi xel 430R devices. Appropriate driving of subpixels across display 400
can provi de pagehfoaexdngpleras inditdted be aross@pi)c Submgels4d30RAnt ndeginrdd] Sgretn,
depicts a portion of _a full color st_ere_oscogeirré i splay, the t%r esent

inventi of® al 4% lre Ok davies thaticpelyFmite bghd po RyPendisulan e thg plane g the; han
(Ut <ol o Sl TBPSELAT sl apbo s ) e BEsHBHERSS iReRg 210
adj acent (e. gotiva@ip @vickh aLERAsubixEpalr caftble GReviid tBroukBipBREizERARr ERANRE G4
B4-+ R Go Be arrangenent shown).
a linear polarizer over the right eye of a viewer that allows light from subpixel 430R
devices to be transmitted but that blocks hght 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 alse 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 G» B> Be rather than the R¢> G B>
Re Gs 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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FIG 5 shows another exanple of an OEL di splay 500 that maybe suitable for
30 use as a full color stereoscopic display. In display 500, stagk suompxel s

denot ed d B are disposed on substrate 510. Each l.xel _has a
stacked“@é&ﬁ?”e”s%nstruction 33 WD 02/ 087894 01 SEP 2005 %@ﬁ@%ﬁ?’&%?% t hat
I ncl udes two devices 520L and 520R, each of which emt the same col or of

| ight but at orthogonal polarization states (as indicated by polarization

S?liiﬁgiihﬁémﬁhéggmﬁ%a%“%wi@ed S oty i e Bergme PR oEURN near
e conat el rnBRGT BYBR ARl P lnb il b BoBafin.acghlGIES e G2 P20
shown in fofhe fbd () SAXeIPOR HeWeDEn sk b stRbecopidinbidbeweMinY gla®ks

nmonochronatic. The displays shown in FIGs. 4 and 5 can provide advantages
over convemingoppositslysrenteddpicar polpkery oveneachaye ahdesoribedetor dsplay#60. need to

W th the SRR srbr copeird mdtsierd o lbs: 2ot Nacb O dh ks Wthe vi ower
can wear 335@%#1@ G| b Eisplaf'sBOLET B A cAbF mulhleebRElgoni cal |y
control | ed) that” have opposi teF@ riente I nearl’y polarizing | enses. This

al | ows t hmodostpbamtito be spatially nodul ated rather than tenporally

nodul at ed. Stereaoscopic. displ ai/s and their uses are described in T.
Bardsl ey and | Thegisplays shown m ElGa ¢ ang Satan e vids givantyesp pysrCopyentopl nagi ng

(100 - ArEiea CRisPyE e morfoct B R o AR Rl RIS R BRC LS 1 o

use am Sb@él@@lﬁ@:ﬁ@!sﬁitdheﬁﬁh&){rﬁchrbﬂi@ﬁti&ﬁﬂith&h&l&ﬁﬁlakm aftlr fekitseat i on where it
is desirable to _dijspl ag{one or nultiple colors having different (e.g.,
or t hogonastyrepstopi iraageo Rathers the viewerar wernpkiec” glassey @e., glasysisahal areay be

di i . ' i h | j i . i.t. b
st r abi ohetsTemepicaly sPiGafi i AR bpBRab dtispRtingAHY hiatitioH denetly
di f f er ent TERIaM6wsINERp1a Qd(bé‘%béﬁ&h&rinﬁﬁcﬁlﬁé& Rih @ ha empBfallyHfodkddBy, col or .

FIG 6 shows an OEL display 6 that can be used as a pol arized |ight
em tting Slemmscapic depldys ghd theiratses ptel deserihed indS Baodstay anddi Sextargpabi [ iti es.

D B R A st SR e S Eohihege £
AL Ca", Wibtathiias s el Qe oy 1o (o0, 1ot green, g
Although the displays shown in FIGs. 4 and 5 have been 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 Jayer 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 paitemed 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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between a first electrode 630 and a second el ectrode 650. O her |ayers
suitable in CEL devices can also be present. Electrodes 630 an be
B Sh I o

patterned to all ow for 30 i ndependent activation of a pluralit
or el ect r o928 nd 650 can be single Ilayers so that all Pgﬂﬁﬁqg‘)ﬂ%ht

emtting layers emt |ight when activated. Patterning the 34 WO 02/ 087894 al
SEP 2005 PCTI US02108794 el ectrodes can allow for display 600 to be used as
a polarized light emtting backlight whose emtted can be readily tuned to

any desi red cesitiodes ¢ancillon fog digrlay £00 tape upabas apelgrizediight ampting Spcidight
el ectrodes %ﬁosﬂ%&%?&% 11%%5’&1 néd'® ﬁ?@ggiﬁ#oe@g%c?ﬁ%%m@ ed by

adj usting the proportional” ‘coverage of t emtting | ayers.

5 One appli cAftdrastivedy, whef FﬁhF?étt&ﬁ)&i €ladtrddes a% kel ha thIoL oS iMaibackidhtbin Beri t ti Ng
| anp for LCD backlights. G 7 shows a portion of an OEL device or display

700 that' i nctledisd by adighing fetprorrtonal govgrageof/the differhu light emiisipgdayersayer 730

cont ai ni ng fl uor.esce ye I .sposed thergein,.an.ot, I C....

el ectrol ani %%%@ﬁlc?%pgor %Bl,ay%lﬁg oan g‘é%?}ﬂgﬁ?%ﬁq W%@Qﬁ‘ggp%“‘)’%lafl? Bhown as a
bottom em t tjiic9 LdEMiofis. fOr illustrative purposes, and it will be recognized
that any suitable device construction can be used. Al so, while the
fluorescent dye iEHGI@showbsgormondifspdiElddevice bedisple 700 dras podtdekayer, it can

alternatively or additi onal_léfl b ?i sposed_in the OEL |ayer or in an
el ectron tr SHepEHe 7108 anpde 0083'0 EIRANSPOT AYED A2 FORIBNEIRR flpresrsBtiyen so,

other PL mtoﬁ{#gg&gtg@eﬂpLcl?%ggdﬁ?@geétpoiﬁ]nﬂﬁgc&ft Idler 741 ,yahg ]g%qmotdie 950.0 Bg&ﬂ@

fl uorescent Vi C8 can operate 1n a ways as indicated by

the thre set i9thovat dsuwbotidhabmittihg deviad forliilghtatige parpabed aby ittwitl tdevi ce. For
exanple, CEL |layer 740 may Z be an oriented em ssive |ayer that emts one
ori ent at i on regogpined that any syitgle dgvice genstrrgiiongan detysed.- ndlse, whide &€t r anspor t

| ayer 730 c Lent]n . £l cent |. sposed
thor ei n_ont oLosrs RISt Rt ed ke WO deiBARREBE b Al s iRaflvEl
activated byorki@itionsll e @ispdayd ihhe OBL 13¥Cor in40-eldbOneRAEpdIt lagbrdSatep shown
breaking lines A2, B2, and C2 in layer 730 indicate activation of a

f1 uor escent emjBingroastpsicenwasnsed; sk pthardLompteriglsanightioe useddn place gfiprat es,
t he fluagrescen e.can Je e a polarization converter in addition to
156° 6F Sl R ABeaicER o5

or inste _ ~Conv | n anot he_r 25 _errbodi ment , _OEL-I ayer 740
may be a non-ori emé\@aam@ﬁloperak@mearvmm%ystasﬁﬁaibﬁedugms& fifdezefd dfi ght Bl

that can be converted into polarized Iight BZ by the fluorescent

arrows that illustrate light generated by the device. For example, OEL layer 740 may
be an oriented emissive layer that emits one orientation of polarized light Al. In such
an embodiment, hole transport fayer 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
polanzation 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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dye in an oriented hole transport |ayer 730. In another enbodi nent, CEL

| ayer 740 nmaybe an oriented enissive layer that enits polarized{1§bR 108 .
Hole tra yer 730 can be a non-oriented |layer so t

fluor escg‘ﬁcf%‘ifgkggi sposed therein converts 30 the |ight enpﬁlgggﬁgﬁ%‘he OEL
| ayer 740 into unpolarized light C2. 35 01 SE P 2005 WO 02/ 087894

PCT/ US02/ 08794 FIG 8 shows a portion of an CEL display 800 that includes

substrate 810, de 820, a.plurali f patterned hol e transpart |ayers
830, LEP | ayer %&8% %ﬁ’d"s"dﬁt g’é‘lé%bﬁﬂﬁ@lﬁlﬁké&%% ?S‘FWBFB%q re a
plurality | l e, by
sel ective ‘?‘rf?g‘?%?rgt%@%?f%ﬁﬂ%ﬁg@“ﬁ&ﬁg&%?ggpﬁ lgygﬁb@%ﬁ;e and
anode. Thecaltglde 850aMediole fraypog laygns fre apsltitatityheforicatedinle trivesportdjehd t
different orientations and/or the hole transport |ayers can be patterned

havi ng di fRadteEed, fopiexpmples by seleetiveibemnnl traapler from gponogithegisplayan be coat ed

onto the oriented hole, t r that 1he lL.g .t r.t | ayers
acts a8 a BPOFAIF red Safde, TIRRER frhospBfiiedert Bl B2 barlicd R GATSRAGE | “YE]
devi ces cadiffefent 8F8MdiiomHHd/ i theVhbie ransporeTEyérsRah Bk pARend hdvishdiffernt Ng a
polarization orientation different from adjacent devices (due to different
ori ent at i dils matertatredisposgd tereinh AIEP layenB4itan Heapatell oatodthe orkeied hglea
di fferent color izg(an atg' aﬁlent devi ces, due to different . PL nmateri al
di sposed i TRTEBPA LAY 3P \ sm&&w ?Féﬁ%ﬁa?la?@f%9fﬂ1m°§t G¥titenpl at ed
that the ORRERRISY, bldSHARITEL BeVibés cff R SAnaRRlh bOuhit8 Baf Bhliioli OFL
devices, to différently Constructed bottomemtting OEL devices, and 15 to
CEL deawi cdighthuving agadisreratied obiEfRatiay differerfttfeore hdjaentt devicen(deptsdifierait
functions illustrat in FIGs, 3 through 8 can be m xed. and majched to form
CEL di spl W&ﬁ@%@?ﬁz@lwt h@e@aamqih@ygéﬁ@%fpah&waﬂf@wwﬁm| ities.
For exanpl. g - SR Of: ) : pattern
of orient e@%%%?ﬁa@g éetr?i (glfpo airs{“gg% iﬁgﬁ%ag%ig%eétﬁa%%}gﬂ%f pi xel s
that 20 artansport dayieey) &ds contemplated thatitheebacdpreiliukirgéd in FG. Bhaddo #ppd toandom y
oriented (i.e., emt_ _randomy polarized | ight%, so that when the display or
lamp is viepemigingOEL dgyices. it diffesentlyromyiregted bottorm siniting QL dpvicastad pi xel s
can be.rev, . J- | ol ari zati on anal yzer, the display
REe o S AT

or lanp co 0" different anong pixels. Such a

| anp or di spl ayTh®ulethel, £siReplsOindsRabidrhs)iilafRté CRAFICES thrailphi®éaneanpl e.

Sone of the organic electronic devices that include oriented active organic

| ayers or mixedrand ineatehnd todban O adisplghs andieyssesthat bayounigwhenpeadnedsect r oni ¢

properties
an

d functionalities. For example, OEL displays or lamps can be constructed that have a
pattern of oriented pixels that emit polarized light embedded in a matrix of pixels that
20  are non-oriented (i.e., emit unpolarizéd_ 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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can fall into one or nore of four general categories: OEL backlights, |ow
resolution OEL displays, high resolution CEL displays, and orgafi{cSEP 7005
transi stors, 30 CEL backlights can include oriented em ssive and/ or oriented
conduct i ve¥9¥%%8®H conducti ve | ayers. Constructions can i ncPGEYSEHISZ %,
circuitized substrates, 36 01 SEP 2005 WO 02/ 087894 PCT/ US02/ 08794 anodes,
cat hodes, hole transport |ayers, electron transport |ayers, hole injection

| ayers, electron injectiqon |ayers, em ssive |layers, color changing | ayers,
and ot her | a)eqss. gatodesahale frapspogt jayeap) eleqiion dapspamt feyers, hods,inschae d9vsts can
al so includ £ e} = - d | e
like), di ffﬁ‘s‘%??ﬁ(‘é;éﬁf"?‘ %g‘frgfrei“}‘g v %lr??lf’r’g?%%lg&?ﬁaﬁ%‘ﬁg?%}{‘%f %g':ie&r)sglzla?%}gﬁ'w%i des,

I enses, | i ghiateals sidtabld inrGEL devighy. rGssstraotiascanaib ihdbdepolaintrs (ehe, fbi ke.
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for exanpl Eleanvipe share Widnetinme and HiedikehdifHsesy (ecd., polatireb o Bwiptyipingher nal

stanp transf LWhat | f esistivie. head thernmal prd,nting, or
tho 11 ker wAipises) RGRR AR sobdin iy (gt bR EBeB s dls "
have a | ar gehdlgic) eApslicatibfsiichide MRbr bthgt sl l@da@é@iﬁgl@?k@hﬂ@d, fay |aser
I nduced thermal transfer, and tunable color nultiple electrode l'arge area

| anps. Low exawopletwhare @Epridited enyssiveanateriall is geovideddytthemmbsiomipurnafed/ or
oriented conduct.ive or. sen conductive layers, si.yucti.ons can incl ude
bar o or i r TRDRH EaRifeS FisgE nea gaael FREREEane it S RSP oy or o,
el ectron t r%gggﬁ:}a sty eLRetr iR PRiriAmb P 11R# hhdt s 1aAdkShtnbe? bEELEQP spddEgCt | on

| ayers, em ss ayers, color changing |ayers,” and other layers and

mat eri alig serisdivelayers Qiterded/ by taser iGdwmsedrthertiabtransfan amd sinabla cblodenultiple

pol ari zers %e. g_P or clean-up, glare reduction, and the like), diffusers
(e.g., pol aFlesHPABI B HERIIRT ng di ffusers), |ight guides, |enses, |ight

control filns, br ioff TN i - ok ] I ons
i ncl ude graphic in |%:é§t8§l?mﬁanps Eg g?ﬁ%ﬁlﬁgg?ﬁ%%ggﬁéﬁgggwgf%gﬁnumri c
di spl ays ( ecgnductivplbr seraeohduvave hadiersat@orsiructama lchn imhwale bacner cirpaitized/e or
active matri x displays; snmall nochr onme EﬁaSSI ve or active matrjx displays
pl us graphi é“bﬁ?@i“??a?‘lﬂdeF»é‘g‘g@dﬁ%”?’ﬁ%ﬁ'tf“éPO% Yerf egrEadgngpars jaygrsckolg | cel |

phone di,spl : D4 LSR! ay: Ll e Lt f

rodur es 3 or ThEyton FEHTEIMER Hiekfin (B8, Glicl BSpkedor atnBhlIf I o1y s
may be suit atHes ldyers amdi relmeriald saitdidy inOEL, devidbs. Yufisthsct®us Barcalso imeludonbi ned
with a front polarizer to enhance contrast and reduce glare; and security

di spl ay appPPE&ZFEHs 2. ipHeaea Shre seducien.dmd theljke) cdiffupare (elicpdrtizetiond
em ssive an%a?ﬁtaﬂﬁﬁf@itfﬁxqers), 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 dispiays);
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 semmiconductive 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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conductive or sem conductive |ayers. Constructions can include bare or
circuitized substrates, anodes, cathodes, hole transport |ayers,{ £SERIPN
t ranspor hole 30 injection |ayers, electron injec}j S,
enissiveRYé9%&§§$%olor changi ng | ayers, and other |ayers %ﬁﬁ%ﬁéﬁﬁﬁiﬁls
suitable in CEL devices. Constructions can also include 37 0 1 SEP 2005 WD
02/ 087894 PCTf US02/ 08794 pol ari zers (e.g., for clean-up, glare reduction,

and the like), diffusers (e.g., polarizatigon pmmintaining diffysers), |ight
gui des, | ePrRl@azers (e for slsaR-yp, glmefgduchipn.iditbe Ukek, ditferdse- HQT?%P‘”&nd the

l'i ke. Appl]j j:00S A : j ; S [ i r |

col or di sphggéél&ggtd?@ge%‘ ’qﬁg&légs’%srgéﬁwyﬁﬁ@gﬁ@ S’(r)BrH %ﬁ-%ﬁgk g‘é]?aglrc “ai stpl ays
pl us segnefilngg afd fife 1keaPpplicativts Gadlade dcanpPsr pasive matAzenulitiodloe eelfflll ansf er of
hi gh resol ution devices plus _thernal hot stanp_of icons on the sane

subst r at e) ¢olet displays; aghive anpessieonatrixgrultigelor eiudl coler dipplaysplus fegraented i t v

di spl | i cat.i Q.. di sp i i ent. i |
Mot r ot o Shrantie Sniondbs (4 & et S\ p Pt S BR R R R Bk Bias g e
like). O gfehfalttioRBamplo?icons 3R th ntlRihatdtn btk osspit ahilEolaf sy Rl color

sem conductive Jo layers. Constructions can include bare or cicuitized
subst r at esdisplays, apd senrigobsplay appdicauions| (egt, dispiays draybugi alepéad aoiidrsoilos s,

organi c or. inor.ganic source and drai.n |eads, and .the like. Applications

i ncl ude RASPIPRY §@¥%M§Ya$§vwﬁfl&r§ﬂfﬁwﬁ W%Gﬁ‘j&?(@fég' control,
sensors, and thg.li, henﬁn ' ' . L.der ed
limted to the %ééu cu ggﬁfgéﬁlg‘%figgﬁgggﬁ?%%gag%g?/(g,e}%ﬁ@cgg‘ﬁ?}:‘é}?gshoul d be
under stooodlayersc Ovastmatibnacmdaatiadobart be cicoitead iubstratesf gdte elecgedespgitei n t he

attached cl ainms, VariqQus nodifications, equivalent processes, as well as
nuner ous sEelFEtier.ygamc spmiepnduslory CBRASH OF IRYIGARICHRUFRE\ANEiraigdeadscand e wi | |
be readily r 1 Q. f i i . Js ent
i nvention tlhgm&g'r %@%géa%ﬁéggn%ﬁled\%ﬁe@vﬂo[%é% %@n%ﬂg{sgﬁ désg}ea%?%aot%?g?@{ Each of
t he pat ent sontidfitsendors] @GdItRMke. and publications cited above is hereby
incorporated into this document as if reproduced in full. 38 01SEP2005 WO
02/ 087894 PCTI UShep@seng inveppan stoultl ot epongdered limidgedbe pardeulanki ng an

U1 Bt B 1 Fpeapies SRaETen apay DUk G AR Be s B Bheres ol p&lS ind

invention as fairly set out in the attached claims. Various modifications, equivalent

processes, as well as numerous structures to which 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 specification.

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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5 organic em ssive material froma donor sheet to a receptor substrate
conprising a first electrode; and formng a second el ectrode so that the
oriented organic em ssive material is positioned between. the firis§tPaiith
second el ectrodes. wherein the device is capable of emttin | arized |ight
when acti v\gbé)a.ﬂs?WZ. The process of claim1, wherein the O?F£%§WS§% ssive
material conprises an oriented light emtting polyner. 3. The process of
claim1l1, wherein the oriented em ssive material 15 conprises an oriented
smal|l nolecule emtter. 4. The process of claim1, wherein the oriented

em ssive nat"eHA IS CloMMERdS: an oriented fluorescent dye. 20 5. The process
of claim1, wherein the transfer |ayer consists essentially of the oriented
em ssive material. 6. The process of claim1, wherein the transfer |ayer
conprises the orilent ech p@béss foMmRaking & bijaniti desatemiiesédht 6bEeE Lompidhg:y
active alignnent layer. 25 7. The process of claim1, wherein the transfer

| ayer conprises the ostlegttvely thammalhy teanstersnga tansiar aperomprisingathersmtedat ri x.
8. The process of claim11. wherein,the.dopnor sheet c rjses a.substrate,
30 an'i hber Pigpele enisqtyEinptepl Rk et el B AP SRSRBlcERRmRisiii e
substrate apgetrb@e: 39401 SEP 2005 interlayer to absorb imaging radiation and
convert it to heaf, and wherein the transfer layer is disposed adjacent to
the interlayer. 9. Thdorpmogasseconfl electipde B thatthe erientedeorgntie emnmgbe matenidlns

substantial Ly intac dur i el ective thermgl transfer of the transfer

| ayer. 10. gﬁ%&”‘&‘%ﬁ%%ﬁt%ﬁ%ﬁ? ®tronic device conprising:

selectively thermally i . IR RioR iant ed
vJHef’e%% &%@e’vi&g 1&@%}?}%?“%@@& Joldr light %%Qct%{e&

el ectronically active polyne roma evice substrate; and
electriqally connecting the oriented electronically active polymner |ayer on
t he device substrate to other |ayers of the organic_electronic _device to
form a conpl et ed 2- dev I8 process of wheremnthe oréerded emissiye mateidf er donor

sheet compr i g} 00270 dh(dd 13t emitting polymer.

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 essentally 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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donor substrate and |ight-to-heat conversion |ayer on the donor substrate
and formng a transfer |layer adjacent to the |ight-to-heat convErékﬁagﬁ

| ayer, the transfer |ayer conprising an oriented electronically A

organi c material capable of being selectively thermally transferred from
the donor sheet to a proximately |ocated receptor while substantially

mai ntai ning the orientation of the oriented el ectronically active organic
mat er i al .inteplayes tabrorb Hpaging adigtipn andgenvartdepdent grd yhengky tha tepster layst er abl e
transfer . rLSi jented organic em ssive material capabl e of
enitting1%?S§§$§E@E?%§ﬁ€gﬁﬁgﬁﬂgﬁﬁtabIy di sposed in an organic

el ectrol um nescent device; a donor substrate; and a |ight-to-heat conversion

| ayer di sposed. between the sybstrate and the transfer layer. 13. The donor
sheet of cl ai rﬁ-lz,wﬁlﬁﬁfﬂ%ﬁsse fiakn i‘ﬁber%eﬁth%m&rfaawﬁma}r@aaé%@ﬂ Eadn t he

| i ght-to- j SHie f fer layer. 40 01 SEP 2005 14.
The donor&lgﬁlgestglggtr%ﬁ%%l@ﬁgv&]ere| {rgﬁ?ﬁ%li@j&tﬁerl ayer is used to align the
oriented organic em ssive material. 15. The donor sheet of claim 12, wherein

the transfer |gyer ‘&urther conprises an, %‘L’Fgan[c charge transport |ayer. 16.
The donor sheetl-of 2 PERSETSIOT MAKIEAN PIRaRie Foé‘éc‘ilervé"r?s‘%&m“s}“&yer is an active
al i gnment | ayer usedidofval Hmb e uMFERhSY nah G GerBpRsHG aBkiRhied! - 17
The donor sheet of cf aﬁ‘r/n gZ, wtﬁgfefa?l t hegorganléﬂg §e;erlr.i SSl veI ﬁat eri aﬁe

conpr i seselectionighlly ecti vietpolygnerdtonmre dondr&heéiea dovioe subistrate; afd cl ai m 12, wherein

the organic em ssive nmateri al OMri ses | 1. | ecul e terial. 19. The
donor gheet of clai ﬁ?%?a?bﬁ?@?’é‘?c ng e gy ieie%g'ﬂplggli?x@ctwﬁtpg Ygr layﬁf)ﬂ‘bri ses a
fl uorescemt gebige subltratd iEoBeMaYers BERE oBfantd AbMohbo deWte 8 ot Q@oﬁgle?cﬁt ed

organic em ssive material is disposed in an orienting matrix. 21. A donor
sheet congavigi ng: a substrate; an alignnent layer; a |ight-to-heat
conversion | ayer disposed between the substrate and the

11. A method of making a thermal transfer donor sheet comprising providing a
donor substrate and light-to-heat conversion layer on the donor substrate and forming a
~ transfer layer adjacent to the light-to-heat conversion layer, the 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.

12. A donor sheet comprising:

a selectively thermally transferable transfer layer comprising an oriented
organic emissive material capable of emitting polarized light when suitably disposed in an
organic electroluminescent device;

a donor substrate; and

a light-to-heat conversion layer disposed between the substrate and the

transfer layer.

13.  The donor sheet of claim 12, further comprising an interlayer disposed

between the light-to-heat conversion layer and the transfer layer.
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al i gnnment
transfer

| ayer for converting incident imaging radiation into heat; and a
| ayer conprising an oriented light emtting pol yner coat&ﬁéﬁgt
1
rered

the alignnment |ayer and capabl e of being selectively thermally tr
fromthe donor sheet to a proxinmately |ocated receptor. 41

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

oriented organic emissive material.

15.  The donor sheet of claim 12, wherein the transfer layer further comprises an

organic charge transport layer.

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.

17.  The donor sheet of claim 12, wherein the organic emissive material

comprises a light emitting polymer.

18.  The donor sheet of claim 12, wherein the organic emissive material

comprises a small molecule material.

19. The donor sheet of claim 12, wherein the organic emissive material

comprises a fluorescent dye.

20.  The donor sheet of claim 12, wherein the oriented organic emissive material

is disposed in an orienting matrix.

21. A donor sheet comprising:
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 onto
the alignment layer and capable of being selectively thermally transferred from the donor

sheet to a proximately located receptor.
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