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POLYMERI ZABLE, AMORPHOUS MATRI X W TH ELECTRI CALLY ACTI VE MATERI AL DI SPOSED
THEREI N 5wBackgrieund Pattern-wi se thermal transfer of matemisbz2dondm donor
sheets to receptor substrates has been proposed for a wi de variety of
applications. For exanple, materials can be selectively thermally
transferred to formelenents useful in electronic displays and other

devi ces. SpeMETHOD AND MATERIALS EORPATTERNING OFF AGGLYMEREZABLE, ack
matri x, 10 spag@iORPHOBS MATRIX WIGUE EI WCTRICGAEL Y AGTEVE A ERNOS Phor s,
and organic electrolum nescent npigPhSEp FRFREIN been proposed. Summary
of the Invention The present invention iIs directed to materials and net hods
for patterning a polynerizable, anorphous matrix with electrically active
material, such as a light 15 emtting material, disposed in the matrix, as
wel | as tshe devices forned using the Bapkgeound s and net hods. One enbodi nent
of the invention jncludes met hod .of .maki n n_arganic el ectrol um nescent
device. A transf atﬁegg;\g}seit e%a@%%ée& O{frwer@%a%fﬂlgi?gor @Fﬂ? kool}?c@gooﬁ ed) on a
donor subst rsab&ratdd1fs beaslopsset s wideGlatig§ofappiedayioRy. | Foxlek @mpleaiiiafcBRRUS
matrix with a light emtting material disposed in the matrix. A portion of
20 the trangmabeselpeiivelgtheanalbt trapsfoyred fe form slgmenty pspfidrin slectronig displeapt or .
The pol yneri r ' r r yer
transferred aég%{ﬂﬁ% dre‘zigée)s{bt (r%gil?is? eséll)édg\t(?l t%@#%é%f%fﬁﬂg%gﬁf §/Sj gitgﬁﬁeﬁ]la}rg t

em tti ngonatspadeds, polarize peamduétivie 18fers, manbibtghsl phadphérs) and orgdngs i al is al so
pol yneri zabl e and pol ynerizes with the pol ynerizable, anorphous matrix. 25
Anot her enbodesielmingscantypaisrials havs alt beed proposeies a substrate and a
transfer layer. The transfer |ayer includes a polynerizable, anorphous
matrix and a light emtting material disposed in the matrix. The transfer
| ayer is capable of being sel edummayy phthednventien ansferred from the donor

sheet to a proxi ; i_ncl ude
ot her layers suc Ealtaﬂs? ypééﬁ%ﬁglﬁts%t{@ﬁgglﬁg%%dnteggﬁ?%%pﬁdy%?@ 8@%&2#@5@ glrglaayer , an
under | ayer, mlyraétzable, amofphadsimbirixnith tleatnisilly adtiay afaterialaticlaunod hight

enbodi nent is an el ectrol um nescent device having a.first .
15  emitting material, disposed 1n the matrix, as well as the devices formed using the

materials and methods. One embodiment of the invention includes a method of making
an organic electroluminescent device. A transfer layer is disposed (for example,
solution coated) on a donor substrate. The transfer layer includes a polymerizable,
amorphous matrix with a light emitting material disposed in the matrix. A portion of

20 the transfer layer is selectively thermally transferred to a receptor. The polymerizable,
amorphous matrix of the portion of the transfer layer transferred to the receptor is then
polymerized. Optionally, the light emitting material or a component of the light
emitting material is also polymerizable and polymerizes with the polymerizable,
amorphous matrix.

25 Another embodiment is a donor sheet that includes a substrate and a transfer
layer. The transfer layer includes a polymerizable, amorphous matrix and a light
emitting material disposed in the matrix. The transfer layer is capable of being
selectively thermally transferred from the donor sheet to a proximally located receptor.
The donor sheet can also include other layers such as a light-to-heat conversion layer,

30 aninterlayer, an underlayer, or one or more additional transfer layers.

Yet another embodiment is an electroluminescent device having a first

electrode, a second electrode, and a light emitting layer disposed between the first and



el ectrode, a second electrode, and a light emtting | ayer di sposed between
the first and 1 WD 03/017732 PCT/ US02/ 26043 second el ectrodes. The |ight
em tting waysaw1i7sr| udes a pol ynerized organic matri x w t hpca/usozybdo4em tti ng
material disposed in the matrix. Brief Description of the Drawi ngs The

i nventi on maybe nore conpl etely understood in consideration of the 5
follow ng detail ed description of various enbodi nents of the invention in
connecti on sedonl eldearodesc Aipdight agitdiiglayadacludes aulgheritadgugaid matixawith
schematic siaje vi ey.of an ,OL ani c_el ectrol.um nescent display construction;

Figure 2 is2dightrantng maerighdishosgd 8t ths absr sheet for transferring

materials 10 according to the present invention; Figure 3 is a schematic
side view of an organic el ectrol um nescent display, according to the
present invention; Figure 4A}&‘£%D§5£E&§£Eii@_ﬁé@_‘&|—"&/ of a first enbodi nent
of an organi ¢ elgeliiflabh BRI EEHord ¥BRicl} Bnddr b PinBnkiSedisr BEMBL | ¢ sl de
vi ew of a second ‘enbodi nent an organic ~electrol umnescent device;

Fi gure 4€ i doldowinhentailed descrption efiwaciousiembodiohentstod thenmendntioh imcomeg@on ¢

el ectrol um ne%;:1 nt device, Fi &L,lre 4D is.a schematic side view of a fourth
embodi ment  SYihiRe Appmpanyng (rdyings, i MHnescent device; Figure 4E is a

schematic side Vipgw0f i@a bdiehiati6 BRIBHiTRE arPdrgdfic Rle8RIuminRb&R Hisplaym nescent
device; and Figure 4F is a schematic side view of a sixth enbodi ment of an

organi ¢ el sonstoictiom;nescent device. 25 Wiile the invention is anenable to

various nodificati.ons.and glter.native fo speci.fics thereof have been
shown by way of (L?Fl%%f}?ﬁlzés?ﬁ&}e ﬂals%vhed%oé%gé%rls eeggortaaggng 'f'g%atleﬂglaet ail.
I't shoulig becsidRIps @RGbredRARYEitiont hat the intention is not to limt the

invention to the particul ar enbodi ments described. On the contrary, the
intention is igure 3 is a schematic side view of an organic electroluminescent display

according to the present invention;
Figure 4A is a schematic side view of a first embodiment of an organic
electroluminescent device;

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

Figure 4C is a schematic side view of a third embodiment of an organic
electroluminescent device;
Figure 4D is a schematic side view of a fourth embodiment of an organic

20  electroluminescent device;

Figure 4E is a schematic side view of a fifth embodiment of an organic
electroluminescent device; and

Figure 4F is a schematic side view of a sixth embodiment of an organic
electroluminescent device.

25 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 understodd, howeyver, that the intention is not to limit
the invention to the particular embodiments described. On the contrary, the intention is
to cover all modifications, equivalents, and alternatives falling within the spirit and

30  scope of the invention.



to cover all nodifications, equivalents, and alternatives falling within
the spirit and 30 scope of the invention. 2 WO 03/017732 PCT/ US02/ 26043
Det ai | ed WoBH1PB81 on The present invention contenpl at es nmecarisat/seoand
nmet hods for the thernmal patterning of a polynerizable, anorphous matrix
with an electrically active material disposed therein. Such nethods and
materials can be used to formdevices including 5 organic electronic
devi ces and di spl ays that include BétailédDeairi umct i ve organi c rrat erials,

and in particular_that contain I| mtting polyners or. Q ght
emitting ol ecul B PIRSCOHEN Vﬁ%tm&fco H%Hiftﬁs@ﬁtﬁ 't‘]rsaﬂ methads fardhg dan be

made i ncl udg,QeQay & a Cﬁ&lﬂ%ﬁb&r amorphehOMatrixak fh Qt?&ﬂe@t%%allf&cﬁﬁ@ hPatenal
el ectrol um nescent devices such as organic light emtting di odes

(OLEDs), andlispesed ﬁhlzmm |$u@dd¢tt1®d$randtrmgmlmném®bé teaforim e vices molidingan al so

be useful. for _non-thernal, printi t rn ransf er net hods

ncl adi ng, - REPIES drrent fnsng PpieB ot b g cahy A edigttit

phot ol i t hogriagbiisls, dddtih parficilgr thAhednt8h MEht egittingSol@hers 6f 6®kF g lemyttiagt | ve"
when used to refer to a | ayer or material in an organic electronic devi ce

i ndicate | aymlgmdes e asled of opgaaic @ecktmitmﬁi@lcei@aﬁ a#the wadwineiudg ogaaicat i on
of the devi G, Pl %ﬁ%%ﬁ i& d8$ié‘e%' g&%& Sascat ( E}@é’\%’e‘é%%éﬁ‘% a
charge carrier l(Se.g. e &¢HF OR'S or roauci ng . enhanci'ng or

tuning the ehrgatic ﬁglht%@ftﬁig&ﬁéd&%ODED&han&iﬁwm@ ma@dlﬁugttmemmmmdaﬁ l'i ke.
The term "non-active" refers to materials or layers that, although not
di r ect | y10c ornsthedn Gapglsode usgiyl quélﬁg'ﬂé@”ébﬁ%m}%eﬂat%@Vé an#ésanﬁfax/@e

R

non-di r ect @lgﬁ%ﬁ t he
functionali tqga{(%?lhglr:fogrg%%ﬁnﬁﬁ Hﬁ ronr-c %&%@tﬁ@%ﬂdﬁ o um nescent
(CEL) di spl pattemimgevi ce refers to el ect roI um nescent di spl ays or devices

t hat include an ani c em.ssj ve, ter et her q&hat em s ive materi al
i ncl udes a snal | tery ‘@chieg)ore 13(%“5’3 heorHse Wfqréoé YeiI®r), a SM

doped pol yghatedallih QR breMd éléd?ﬁnﬁcﬁe\&ﬁ%r 1nﬁfc§tp)la M%ﬂ%é Jﬁ?ﬁerf@}'npé ended

LEP, or another organic em ssive naterial V\,het er provi one or in
conbi natison fuinc¢tionadwyingtoperation gfithe device |fnr)¢)giam1@pnmdt1«ang,a:|ondmmg, @re
functi onal %%m?&rﬁduétyn%% éh%lgel calrr?ert(e E CEctrgrllssd%lh%Yesf Ii)l‘O(ﬁlClngqlght, enhancing or
tuning the electronic properties of the device construction, and the like. The term
“non-active” refers to materials or layers that, although not directly contributing to
functions as described above, may have some non-direct contribution to the assembly
20  or fabrication or to the functionality of an organic electronic device.
Organic electroluminescent (OEL) display or device refers to
electroluminescent displays or devices that include an organic emissive material,
whether that emissive material includes a small molecule (SM) emitter (e.g.,
nonpolymeric emitter), a SM doped polymer, a light emitting polymer (LEP), a doped
25  LEP, ablended LEP, or another organic emissive material whether provided alone or in
combination with any other organic or inorganic materials that are functional or non-
functional in the OEL display or devices
R.H. Friend, et al. ("Electroluminescence in Conjugated Polymers" Nature, 397,
1999, 121.), describe one mechanism of electroluminescence as including the “injection
30  ofelectrons from one electrode and holes from the other, the capture of oppositely

charged carriers (so-called recombination), and the radiative decay of the excited

electron-hole state (exciton) produced by this recombination process."
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on a substrate, ﬁ%g, evtgﬁolﬁat I.n ]E ngaﬁegitp grr eglyoligg gloﬁlec%?é%” C

film O her e in |ngan
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const r ud® ed Ganventionally,diP matcripks aee wilizas by casting ayselvent sofutioncof rﬁhﬁaLEB be
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used to descCri sS, anor
conpounds. IGther rhetmsﬁsribf fomn@g E]EEﬁhﬁchIudamﬂmttiﬂgnmd eamisldni gwkiap. mol ecul ar

gl asses are known ncl udi n ose_ described in J azu} evi cius, P.
Strohriegl, lgsl.‘/zbEﬁ'raws FlyrPHAPRe b %CPASF%‘E%‘P%? RPHYEEs" |
Handbook Of YaNE fskide ¢ Hpr 19&g§hmdoeeﬁ’t9&£s%bt%d Natndreadwo, %Pﬂloi%ﬁ‘é? afe: H S
Nal wa (ed.) 0, 2001, 233. Thée solubility of mol ectl ar gl aSses can

limt the wéaj}@rs n which nmultil ayer el ectronic structures are
conventionally c ted. For may not bl e ution
cont a1 tont  emdiansbo o Ry wigh By ite siieRiR MG, MRS er “of a
ol ecul ar 9|g?a%§ id the tM used to describe organic, low molar mass, amorphous, film-forming
compounds. Hole transporting, electron transporting, and bipolar molecular glasses are

known including those described in J.V. Grazulevicius, P. Strohriegl, “Charge-

20  Transporting Polymers and Molecular Glasses”, Handbook of Advanced Electronic and
Photonic Materials and Devices, H.S. Nalwa (ed.),10, 2001, 233. The solubility of the

molecular glasses can limit the ways in which multilayer electronic structures are

conventionally created. For example, it may not be possible to solution coat a light
emitting polymer layer on top of a hole transport layer of a molecular glass if the

25  materials of the two layers are soluble in the same solvents. Devices have been
previously formed with, for example, solution coated hole transport layers and vapor
deposited emission and electron transport layers.

As an example of device structure, Figure 1 illustrates an OEL display or device

100 that includes a device layer 110 and a substrate 120. Any other suitable display

30  component can also be included with display 100. Optionally, additional optical

elements or other devices suitable for use with electronic displays, devices, or lamps
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CEL devices arranged in any suitab manner. For exanpl e,
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|l ayer 2@ 1Jtﬁ)eﬂé\@é’ﬁdd‘eﬁﬁlstﬂriﬂ&hﬁttheﬂlglitreiﬂuttbd/bsbfhecd@ﬁ:@' y spaced devices that
can be contenporaneoqusly act i vat ed. For exarrpl e, relatively small and

closely spaced r doevicegair,10£ap inslusis onp ghmosnDELdlexicenpranged in wt sva@ble
between conmph, el egsy, e%%f)le? th ltaﬂlitapphcatlons (e.g., backlights for liquid crystal display

(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

20 110 might constitute a plurality of closely spaced devices that can be
contemporaneously activated. For example, relatively small and closely spaced red,
green, and blue light emitters can be patterned between common electrodes so that
device layer 110 appears to emit white light when the emitters are activated. Other
arrangements for backlight applications are also contemplated.

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

30  portion of an icon, or lamp for an icon (e.g., indicator applications).

In at least some instances, an OEL device includes a thin layer, or layers, of one

or more suitable organic materials sandwiched between a cathode and an anode. When
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other such |agesiolmaingsosat Bptetipkio apahenrolors dihesans qther syeh layprs and anaterials
el ot roni ¢ REARELLLER ARMoPERBUlc@ouldiobMEY £ 1ok d LRy 5Grea ol
exanpl e to achieve a desire gurTent Vol e response, a desired device
efficiensy, devitesforegarapleads actdevibesdasired burraivokess respodsd, hdeditddelevicegur es 4A
to 4F illustrgte exanples, of different, OEL devjce configurations. Each
confi gur atioerflPlﬁ’é‘PXaa%SIEFds‘i%%rt?Q?Séregé’ﬁ,gh‘é‘ﬁssaﬁ%ﬁijéeé‘gg, and a cat hode 254.

ggg aﬁg”: ihgur at i ofguRk 4k 19 UG Rudiatd KaflplR! cTAFBEAHIEL BelOd SorltipBibEBRLL | ayer

Each configuration includes a substrate 250, an anode 252, and a cathode 254. The
configurations of Figures 4C to 4F also include a hole transport layer 258 and the

20  configurations of Figures 4B and 4D to 4F include an electron transport layer 260.
These layers conduct holes from the anode or electrons from the cathode, respectively.
Each configuration also includes a light emitting layer 256a, 256b, 256¢ that includes
light emitting material such as one or more light emitting polymers or other light
emitting molecules (e.g., small molecule light emitting compounds) disposed in a

25  polymerized organic matrix, according to the invention. The light emitting layer 256a
includes a hole transport material, the light emitting layer 256b includes an electron
transport material, and the light emitting layer 256¢ includes both hole transport
material and electron transport material. In some embodiments, the hole transport
material or electron transport material is a material that forms the polymerized organic

30  matrix which contains the light emitting polymer or other light emitting molecules. In
other embodiments, a separate polymerized organic matrix material is used. In

addition, the hole transport material or electron transport material in the light emitting
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then selectively thermally transferred from the donor sheet to a receptor, as described

below. The polymerizable, amorphous matrix-forming material can then be

20  polymerized after transfer to form the polymerized organic matrix.

The anode 252 and cathode 254 of the OEL device are typically formed using
conducting materials such as metals, alloys, metallic compounds, metal oxides,
conductive ceramics, conductive dispersions, and conductive polymers, including, for
example, gold, platinum, palladium, aluminum, calcium, titanium, titanium nitride,

25  indium tin oxide (ITO), fluorine tin oxide (FTO), and polyaniline. The anode 252 and
the cathode 254 can be single layers of conducting materials or they can include
multiple layers. For example, an anode or a cathode may include a layer of aluminum
and a layer of gold, a layer of calcium and a layer of aluminum, a layer of aluminum
and a layer of lithium fluoride, or a metal layer and a conductive organic layer.

30 The hole transport layer 258 facilitates the injection of holes from the anode
into the device and their migration towards the recombination zone. The hole transport

layer 258 can further act as a barrier for the passage of electrons to the anode 252. The
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N, N - bi 903- ngmmm?( vanged Electroninand Rhosenje MasersalzandDevipes) H.So Najwa
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It 2% Zgnog(rzgéldtguﬁﬁ ﬁl\gfcfdéq 3-bR[ - @cQMRARMIARh ARy NS, £loREdiARN2L F anspor t
yl]benzene, 2-(biphenyl-4-y1)-5-(4-(1,1-dimethylethyl)phenyl)-1,3,4-oxadiazole
(tBuPBD) and other compounds described in C.H. Chen, et al., Macromol. Symp. 125,
20 1 (1997); Shirota, J. Mater. Chem., 10, 1, (2000); and J.V. Grazulevicius, P. Strohriegl,
“Charge-Transporting Polymers and Molecular Glasses”, Handbook of Advanced

Electronic and Photonic Materials and Devices, H.S. Nalwa (ed.),10, 233 (2001).

A number of methods have been used or tried to make OEL devices. For

example, SM light emitting devices have been formed by sequential vapor deposition

25  of hole transporting, emitting, and electron transporting molecules. Although the layers
are amorphous when deposited, the layers can crystallize over time, diminishing their
charge transport and emission properties. In general, it can be difficult to solution cast
SM materials since they tend to form crystallites upon solvent drying or later during the
device lifetime.

30 As another example, light emitting layers based on LEP materials have been
fabricated by solution coating a thin layer of the polymer. This method may be suitable

for monochromatic displays or lamps. In the case of devices fabricated with solution
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patterni ng a8/1:88&1%EP8s patterning process can depend upon the physical properties of the

transfer layer. One parameter is the cohesive, or film strength, of the transfer layer.
During imaging, the transfer layer preferably breaks cleanly along the line dividing

20 imaged and unimaged regions to form the edge of a pattern. Highly conjugated
polymers which exist in extended chain conformations, such as
polyphenylenevinylenes, can have high tensile strengths and elastic moduli comparable
to that of polyaramide fibers. In practice, clean edge formation during the laser thermal
imaging of light emitting polymers can be challenging. The undesired consequence of

25  poor edge formation is rough, torn, or ragged edges on the transferred pattern.

As an alternative to or improvement on these previous methods and to address
some of the above-described difficulties, light emitting material, such as one or more
light emitting polymers (LEPs) or other light emitting molecules, can be solution
coated as part of a coating composition that includes a polymerizable material capable

30 of forming an amorphous matrix that resists crystallization. The amorphous nature of
the matrix can provide low cohesive strength, as compared to typical polymer transfer

layers, during transfer from a donor medium to a receptor, as described below. The
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exanpl e for escription ut 1
polymerized after transfer to the receptor. Unless otherwise indicated, any reference to

el

polymerization of the polymerizable, amorphous matrix-forming material includes

20 mechanisms whereby the material is polymerized or otherwise crosslinked. Such
polymerization can occur, for example, under thermal- or photo-curing conditions
optionally including a photo- or thermal-curing initiator with the polymerizable,
amorphous matrix-forming material. The polymerization can occur, for example,
between two or more of the same amorphous matrix-forming compounds within the

25  polymerizable, amorphous matrix-forming material (e.g., autopolymerization), between
two or more different amorphous matrix-forming compounds within the polymerizable,
amorphous matrix-forming organic material (e.g., bifunctional polymerization), or
between one or more amorphous matrix-forming compound(s) and a crosslinker within
the polymerizable, amorphous matrix-forming material. Preferably, the polymerizable,

30  amorphous matrix-forming material does not substantially polymerize or crosslink prior

to transfer from a donor sheet to a receptor.
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One example of a suitable polymerizable, amorphous matrix-forming

20 compound is illustrated as Formula 1:

where the three vinyl groups correspond to the polymerizable moieties and the
remainder of the molecule is the base structure. It will be recognized that another

25  suitable material could be made with only two vinyl groups and the third vinyl group
replaced by any other moiety (including hydrogen). Other suitable materials can be

11



of suitable base structures are described in J.V. Gazul evicius, P.
Strohriegl, "Charge- Transporting Polynmers and Ml ecul ar 3 asses”, Handbook
of Advancwo oBloewsr oni ¢ and Photonic Materials and Devi ce®CTHISE/ 24433 wa
(ed.), 10, 233-274 (2001); Shirota, J. Mater. Chem, 10, 1, (2000); Kreger
et al., Synthetic Metals, 119, 163 (2001); PCT 1o Patent Applications

Publ i cati on Nos. WD 99/21935 and WD 00/ 03565; and Robinson et al., Adv.
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perfluorovinyl ether groups (3), pentadienyl groups (4), azi{de groups (5), 5
al kynyl groups (6), (neth)acrylate groups (7)
i socyanato groups {9), e
3 4 0-a

’CV)

D 2

10 5 6 7

OO0
10
15 Other polymerizable moieties include, for example, hydfoxyls, oxetanes, thiiranes,
epoxides and alkoxysilanes.
The polymerizable moieties can be selected so that the polymerizable moieties
will react with the same polymerizable moieties on another molecule or with another
polymerizable moiety on a different molecule. In some embodiments, all of the

20 polymerizable moieties of a particular polymerizable, amorphous matrix-forming
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two or nore _di.fferent. . 1 . A . .
o yrrer | 2abPiFHsE o S BRNA R i Bonsii B B Gon R Spl R o Bhind haterial

pol yner i zablegn indhidettivo @k hived edfctent aombhaids eath Garslamplegoiegpeofipounds can
then react and polynerize together. O her exanples of sujitable,
pol yner i19 abPelymggabls suictraitached o pp¢ eRmpP@hsad aaatheriyps efsrolynerizable not

limted to, n&&&yfaﬁké&\ﬁ’itg Qflotﬁlar‘conl};'o%d.l%hé: two compounds can then react and
polymerize together.

Other examples of suitable polymerizable, amorphous matrix-forming

compounds include, but are not limited to, the following:

15
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FYO FNN- NNF O/F F N-., ~&N_N 13 WO 03/017732 PCT/ US02/ 26043
b-NN\ / / A\ N\ /[ ["XQ/,NN/ \ / \ N\ / \/ NV / / \ N/ \V/ \ NN-
- 5 Exanpwes3i773ui t abl e base structures to whi ch pol yner iPzahise2/moiet i es
can be attached include structures having a tetrahedral core w th pendant
el ectrically active groups. Exanples of such structures include
tetraphenyl nethanes 11, tetraphenyl silanes 12, and tetraphenyl

adamant anes 13, as well as tetraphe Anés, 10 tetraphenyl plunbanes,
and tetraphenyl stannanes (i.e., r [ 2 wwth Ge, Pb, or Sn,
RRRRRRR RR

Examples of suitable base structures to which polymerizable moieties can be
attached include structures having a tetrahedral core with pendant electrically active
groups. Examples of such structures include tetraphenyl methanes 11, tetraphenyl
silanes 12, and tetraphenyl adamantanes 13, as well as tetraphenyl germanes,

10 tetraﬁhenyl plumbanes, and tetraphenyl stannanes (i.e., replace Si in 12 with Ge, Pb, or

Sn, respectively):
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R 11 12 13 Each R is independently a substituent containing one or nore
conj ugated functional groups (for exanple, aryl, arylene, heteroaryl,

het er oar ywemg/o1abkenyl , or al kenyl ene) that stabilize holP€3/USe2/2r048S
cation radicals), electrons (e.g. as anion radicals), or act as a 5
chronmophore. Each R substituent can be the sane as or different fromthe
other R substituents. Wen all the R substituents are the sane, the

nol ecul e typically has some symetry. Rthen at | east 8ne of the R
substituents is different A the nol ecul & has asymret pywhich may further
facilitate the formation d retentio an anor phot matrix. In some

i nstances, R includes dromati c r that IS fused 0 the phenyl group 10
to which R is attach®d_t/f o™y 3 nEEiaﬂg unsubstituted
naphthyl or other fused nj : ructL‘ AG—F Br. descriptions
of such materials can be/ found in, for exanple, PG Appl i cation
Publ i cati on No. WD 00/ 03565 and bel%son et al. > 2000, 12(22),
1701. Generally, the polynerizable noieties are functional groups coupl ed
to the R substituents. 154 n some enbogjnments, the R gybstituents include
one or nore conjugated structures having, for exanple, one or nore

al kenyl , al kenyl ene, aryl, arylene (e.g. phenyl ene, naphthyl ene, or

thryl | het | funct | o Th
TR P SO AT e S S -
het er oat ons g?({'ﬁg)g (B3 eﬁérﬁﬁl@%?l aRIbnR XN A& BaryT Mete ?&@1&9@5&%@5& AREaR) | ncl ude

el ectron 20 h'noieties (e g’ a triarylamne) to stabilize cation
radi cal s (e thpt stabiliss holes (agtascatigiradicalshickcirens (e o3 atiph radécalohi asract 28k cal s

E‘)reb?t aIeI o n%ﬁl}8¥?uﬁﬁ|‘é@¥(ﬁ}8‘?g§ﬁ“£?m%%ﬁ?é Oecicjs;‘%‘fﬁerfe Lﬁglﬁ:l?r i Ret to
visible rang@ostuamm‘st WherRalt tHeRaMIRIuBAts BeARP bfte, e mulcta@b It)%n&l ¥B6me

include, but are not limted to, the follow ng: 15 WO 03/01773
PCT/ US02/ 266¥Bmely When| at flgasppne of the R substituents 1s different, the molecule has

asymmetry which may further facilitate the formation and retention of an amorphous
matrix. In some instances, R includes an aromatic ring that is fused to the phenyl group

10 to which R is attached to form, for example, a substituted or unsubstituted naphthyl or
other fused ring structure. Examples and further descriptions of such materials can be
found in, for example, PCT Patent Application Publication No. WO 00/03565 and
Robinson et al., Adv. Mat., 2000, 12(22), 1701. Generally, the polymerizable moieties
are functional groups coupled to the R substituents.

15 In some embodiments, the R substituents include one or more conjugated
structures having, for example, one or more alkenyl, alkenylene, aryl, arylene (e.g.,
phenylene, naphthylene, or anthrylene), heteroaryl, or heteroarylene functional groups.
The substituents can have extended n-conjugated systems which can include
heteroatoms such as nitrogen and oxygen. The conjugated systems can include electron

20  rich moieties (e.g. a triarylamine) to stabilize cation radicals (e.g. holes), electron poor
moieties to stabilize anion radicals (e.g. electrons), or a HOMO-LUMO (Highest
Occupied Molecular Orbital-Lowest Unoccupied Molecular Orbital) gap in the
ultraviolet to visible range to act as a chromophore. Examples of suitable R groups

include, but are not limited to, the following:

15



'\ 44 jyNM I ONIT- N I I i WX NN NCOCNI NIV yN~ NNO, 10 ~
EEQRCFFC®REt O\ / / \ O Olg e N~ 1 / Specific exanples of suitable
t et rahedrab obasw3structures i nclude structures 14- 16: 16PODUSBZ/E6DFY32

PCT/ US02/ 26043 ~I NON NO-N14 RIL Rl R WX RL R Rl 15 16 R2 R2 R1=
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e O e
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Specific examples of suitable tetrahedral base structures include structures 14-
16:
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RR R25Xis C Si, G, Pb, or Sn and R2 is Hor alkyl. Structures 15 and
16 include fluorene noieties that can be chronophoric. These particul ar

f I uor eneswoypiocaBt y have band gaps in the blue to ultravipelratSoz/adege. Such
materials can be useful with LEPs that emt in the red or green regions so
that emssion is primarily or exclusively fromthe LEP. Al so anong this
type of base structures are spiro structures such as structures |0 17-19:
R\ R RR 17 17 WO 03/017732 PCT/ /2 3 18 19 where each Ris

i ndependently a conj ugat ed structurﬁigimdﬁgjone or nore al kenyl,

al kenyl ene, aryl, arylene (e.g., phenyl gne, naphthyl ene, or anthrylene),
heteroaryl, or heteroarylene functiondl groups. The substituents can have
ext ended n-conjugated 5 syste ich can include heteroatons such as
nitrogen and oxygen. The conju ed ., sys aTEijC|Ude el ectron rich

noieties (e.g. a triarylamne) éj§ﬁ<i§b: at i radicals (e.g. holes),

el ectron poor noieties to stabi s (e.g. electrons), or a
HOMO- LUMO (Hi ghest Qccupi ed Mol st Unoccupi ed Mol ecul ar
3 o0 act as a chronophore.

Orbital) gap in the ultraviolet to.vidible ran

10 Again, the polynerizable noietkeg d be functional groups coupled to
the R substituents or phenyl groups o hese base structures. O her base
structures that can be used in polynerizaple, anorphous matrix- form ng
conpounds include dendriners. Dendrineritc” structures have a core noiety
with three or nore dendritic sgbstituents extendind fromthe core noiety.
Exanpl es of 15 suitable core noheties include tri nyl am ne, benzene,
pyridine, pyrimdine, and other)s described in PCL_Patent Application
Serial No. WD 99/21935. Ehe endritic substituentsg typically contain two

T

or more aryl, arylene (e§. éggg?ne), hq;gggﬁg gp het er oar yl ene,
al kenyl , or al kenyl ene substi RN song BeHIE @ g he substituents
can be conjugated structures 1avi ng one or nore @ enyl, al kenyl ene, aryl,

R4

15 16

Rfe I
fe )
! O O Ro Ry O

5 XisC, Si, Ge, Pb, or Sn and R; is H or alkyl. Structures 15 and 16 include fluorene
moieties that can be chromophoric. These particular fluorenes typically have band gaps
in the blue to ultraviolet range. Such materials can be useful with LEPs that emit in the
red or green regions so that emission is primarily or exclusively from the LEP.

Also among this type of base structures are spiro structures such as structures
10 17-19:
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20 arylene (e.g., phenyl ene, naphthylene, or anthrylene), heteroaryl, or
het eroaryl ene novieties. The dendritic substituents can be the sane or
di fferentwo@®@aner7at |y, the polynerizable noieties are coupCedStp2done
dendritic substituents. Exanples of dendrineric conpounds include
starburst conpounds based on, for exanple, triphenylam nes, such as
conmpounds 20-26: 18 WO 03/017732 PCT/ U802/26043 |l ~~/ \ \' N\ / N\ ~\
N C aN < : 2

I~ \1

18 19

where each R is independently a conjugated structure having one or more alkenyl,
alkenylene, aryl, arylene (e.g., phenylene, naphthylene, or anthrylene), heteroaryl, or
heteroarylene functional groups. The substituents can have extended m-conjugated
5  systems which can include heteroatoms such as nitrogen and oxygen. The conjugated

systems can include electron rich moieties (e.g. a triarylamine) to stabilize cation
radicals (e.g. holes), electron poor moieties to stabilize anion radicals (e.g. electrons),
or a HOMO-LUMO (Highest Occupied Molecular Orbital-Lowest Unoccupied
Molecular Orbital) gap in the ultraviolet to visible range to act as a chromophore.

10  Again, the polymerizable moieties would be functional groups coupled to the R
substituents or phenyl groups of these base structures.

Other base structures that can be used in polymerizable, amorphous matrix-
forming compounds include dendrimers. Dendrimeric structures have a core moiety
with three or more dendritic substituents extending from the core moiety. Examples of

15  suitable core moieties include triphenylamine, benzene, pyridine, pyrimidine, and
others described in PCT Patent Application Serial No. WO 99/21935. The dendritic
substituents typically contain two or more aryl, arylene (e.g., phenylene), heteroaryl,
heteroarylene, alkenyl, or alkenylene substituents. In some embodiments, the
substituents can be conjugated structures having one or more alkenyl, alkenylene, aryl,

20  arylene (e.g., phenylene, naphthylene, or anthrylene), heteroaryl, or heteroarylene
moieties. The dendritic substituents can be the same or different. Generally, the
polymerizable moieties are coupled to the dendritic substituents. Examples of
dendrimeric compounds include starburst compounds based on, for example,

triphenylamines, such as compounds 20-26:

18



RRI I/ 11T R VI / 2R N RRL I N/ NRR RNal-RR 5R RL R 24
25 19 WD 03/017732 PCT/US02/26043 R3 RR3/ \' \ RLI R R3ISI'NNI R i
Z NR RSOD30OR331 R3 R1L NS R2 3 R3 26 Each Rl and RPCrasongependent|y

H F d, Br, I, -SH -CH, alkyl, aryl, heteroaryl, fluoroalkyl,
fl uor oal kyl al koxy, al kenyl, al koxy, am no, or alkyl-COOH Each R3is 5
i ndependently H F, d, Br, I, alkyl, fluoroalkyl, alkoxy, aryl, am no,

@%éo% @é@

oo

Rq | N | x R | SRS
S NP S X
2 Rz Ry R
22 23
R R

X
Ra Rz / & 7
R2 Ry
N
i \/R2 Ry RS N =
_ |, I R
X3
5 R} R1 Rz
24 25
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Each X1 is independently 0, S, Se,
portions of any of these substituents can be substituted or

het er oar yl

NR3, BRS3,

or

PR3. The al kyl,

aryl, and

unsubsti twbed/ol1Barh R, R2, R3, and X1 can be the sane a®carusdil/tdoes ent
R1 substituents can be the

fromsimlarly | abel ed substituents (i.e.,

al |

sanme as or one or nore of the Rl substituents can be different 10 from
each other). Qther dendrinrer structures can have an aryl or heteroaryl
noiety as a core, such as corrpounds 27- 36 ArtRs Ar2, NNArl | i ~ Arl |
Ar2-N 1T NAr2 | | At Art Art Art Art 8 29 Art Ar2\MN Arl
Are\"~qrl 1 -Ar 15 Art / \ \\ Arﬁz A~ 2 30 31 32 33 20 WO
03/017732 PCT/ US02/ 26043 Rl ~ N I\L] \L Ar 1~ RL RL Arl 34 35

NNN N OO M

b b @

26

\[;Rz

Each R; and R, is independently H, F, Cl, Br, I, -SH, -OH, alkyl, aryl, heteroaryl,
fluoroalkyl, fluoroalkylalkoxy, alkenyl, alkoxy, amino, or alkyl-COOH. Each Rj is

5  independently H, F, Cl, Br, I, alkyl, fluoroalkyl, alkoxy, aryl, amino, cyano, or nitro.
Each X is independently O, S, Se, NR3, BR3, or PR3. The alkyl, aryl, and heteroaryl

portions of any of these substituents can be substituted or unsubstituted. Each R;, Ry,

Rs, and X can be the same as or different from similarly labeled substituents (i.e., all

R; substituents can be the same as or one or more of the R; substituents can be different

10

from each other).

Other dendrimer structures can have an aryl or heteroaryl moiety as a core, such

as compounds 27-36:

15

Arng,Ar1

Arz\N/©\N,Ar2

Ar1 Ar1
27

AI’1

W\

7

Arq Ary

30

20

28
Ar2|\<§/Al'1
P4
Al’1
z
NN “ ]
\N)\Aﬁ A/ “ar
31 32




py
\

X2

/1

role, furan,
[/ [\ RL 21
RL I |

~X2 -~~ X1

OO-N NO
Are is independently a substituted or
i ncl udi ngwofeen1Esanpl e,

I

tI,NNNONN N N NO OMNW I,
unsubstituted aryl

t hi ophene,

/ RBRRL RLRIRIRRR3 XR3 11 NRLI

\' \ Iy4dR2 X1 "Z RL &\ 1|/

N AI'2
o,
A N
R4 Ri Arq
34 35
X@Q*N NN\YQX

o o

36

36 5 Each Arl

and

or heteroaryl,

substituted or unsubstituted phenpCI/usyr2@ine,
or one of the follow ng structures:

RZR2Z NNN

NI Si'\ R RZN

e RZ RL 21 WD 03/017732 PCT/US02/26043 X RL X Rl X NR2 -NR1L

5  Each Ar and Ar; is independently a substituted or unsubstituted aryl or heteroaryl,
including, for example, substituted or unsubstituted phenyl, pyridine, pyrole, furan,

thiophene, or one of the following structures:
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R1 Each Each aC and R2 is independently H F, d, Br, I, -SH -0OH alkyl,
aryl, heteroaryl, fluoroal kyl, fluoroalkylal koxy, al kenyl, alkoxy, am no,
or al kyl -w0®Blo1Zarh R3 is independently H F, C, Br, |, parkish2/26043
fluoroal kyl, al koxy, aryl, amno, cyano, or nitro. 5 Each X1 and X2 is

i ndependently 0, S, Se, NR3, BR3, or PR3. The alkyl, aryl, and heteroaryl
portions of any of these substituents can be substituted or unsubstituted.

Each Rl, R2, R3, X1, and X2 cah be th ,as or @j\ ferent from _‘T;\m larly
| abel ed substituéms (i.e., R1 Lueft s cqn bethe sanme—Qsxpr one
or nore of the “Nsubstituen can bé dffferent frdom &ach other). 10 Ot her

base structure§ Dor the polynetizable, anorphous matrix-forming conpounds
include, for exghPle, structiel 37-42: RLRB R3 Art \ / - Art \ / XL\
ArtX Art Art XI™ / Art Art—=XI'Ar2 37 38 39 40 0~ Ar2 NNArl Are X2 - / \
X2-Arl O- OX1l Xi 15 41 42 Fach Art and Ar2 is independently a
substituted or unsubstitute(i1 aryl or heteroaryl, nis an integer in the
range of 1 to 6, and each Rl is independently H F, d, Br, |, -SH -OCH,

al kyl, aryl, heteroaryl, fluoroal kyl, fluoroalkyl al koxy, al kenyl, al koxy,

?lm' no, loL ?Baytlh 1;1 aﬁﬂﬁp@\inl dépradenfy H,F, Qidep &rSHNtOY, dlkylFaryCiheteByaryll , al kyl ,
uor oal kyl, al koxy, aryl, .am no, cyano, or nitro. Fa , d X2 are

i ndependent Fporpalkyl, fyoroalkydalkexy alkspyl, FJKQ’.‘WFHEH%IOR?&}’ ﬁgﬂﬁﬂ'xéﬂ@aﬁ@tser oaryl

portions of ; tq t i : i tuted.
Bach R1. ro tReitonhEEE, B | WHAT Guof ol My S W0 o 05 08,

PCT/ US026 26 ®48h Xgliahd Xp ésindépenderslyn®) $irSeyNRa B3R g dr BBbsThe alkyl sryl,iand. , all Rl

substituents can he the sane a or one or, nore of the Rl substifuents can
be differ enfCIFSHY é’&éﬁleﬁﬂ%éP)} of thﬁs%%’gﬁt&ﬁ%l}ts Eaﬂ’d%fs%“LﬁE%‘Fd%Hn SHtHeluded wit h

the pol ymer igzgbRe, R 2R RNAHE X, can be the same as or different from similarly labeled

substituents (i.e., all Ry substituents can be the same as or one or more of the R;

substituents can be different from each other).
10 Other base structures for the polymerizable, amorphous matrix-forming

compounds include, for example, structures 37-42:

Ra_R3
|
Rq
37 38 39 40
0 0 Q o]
181
Ar: N—Ar;  ArXz Xg—Ary
2 .O (o} 1 Xq O Q X4
41 42

Each Ar; and Ar; is independently a substituted or unsubstituted aryl or heteroaryl, n is

15

an integer in the range of 1 to 6, and each R, is independently H, F, Cl, Br, I, -SH, -OH,
alkyl, aryl, heteroaryl, fluoroalkyl, fluoroalkylalkoxy, alkenyl, alkoxy, amino, or alkyl-
20 COOH. Each Rj is independently H, F, Cl, Br, L, alkyl, fluoroalkyl, alkoxy, aryl,
amino, cyano, or nitro. Each X, X;, and X, are independently O, S, Se, NR3, BR3, or
PR;. The alkyl, aryl, and heteroaryl portions of any of these substituents can be
substituted or unsubstituted. Each R, Ry, Rs, X, X1, and X, can be the same as or
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mat ri x-form ng conpounds as part of the pol ynerizabl e, anorphous
matrix-formng 5 material. The crosslinker does not necessarily form an
anor phouswoaB01®32 but al so does not hinder the fornati onPefi/tishateoasor phous
matri x. The crosslinker includes two or nore polynerizable noieties that
can polynerize with the polynerizable, anorphous matrix-form ng conpounds.
In sonme enbodi nents, the crosslinker is necessary to polynerize the

pol ymer i zabld&ferardiromin siuﬁlatﬂyﬂaﬁeiedf substitnenth@tes mlldl; sabstiwerntsr candledhe sameas1 0

receptor. Exanpl es of mat er i al tr|

triphenyl et R @zé?ff>gb?§1vﬁﬁﬁ Fn$§ﬂ%@%%géﬁpgﬁ? g&?ﬂanethoxynethyl
glycouril (45), W §tibndl o'?oésﬁnkérrchﬂﬁé ﬁféﬁﬁd@&kﬂﬁﬂhﬁﬁ@ﬁ&l{gﬁ ousand
tris(p-trinethoxysilylpropyl phenyl)am ne (47) 4CH~3"0 O NN 0 H3CO0\

rOCH3  O~N~-@a@ix-Forming conpounds 3ypat of the polymerigths ap®rai®us matx-Gradng ) 3

oxarp! .5 an BAGRbH SRR 4 RO ee AR it RO b aar Buheh 355,

noi eti es Coﬂbﬁhlﬁ@erﬂﬂé RoiRatiseef thaf dforphous matrix. The crosshnker includes two or
tris-1,3,5-(p-trinethoxysilyl phenyl)benzene or
tris(p-tri madioRelymeyizgte pipigites Hiat ymﬁmatézeawrﬁh ﬁwﬂmzabkgnmg@h@lﬂmer Wi se

di cat ed : d d
cycl i a kyrapb g oyl Bel Y8R ARk G IR e AT RIS (1
%( oupls. Ugly)psgznfeﬁlze i potyhatliiably eslorphbes abitik-fognivigpsatariat afigpirasidryo €1- C20.

anpl es

10

S

receptor. Examples of suitable materials include triglycidyl triphenylethane (43),
triglycidyl isocyanurate (44), tetramethoxymethyl glycouril (45), tris-1,3,5-(p-
trimethoxysilylphenyl)benzene (46), and tris(p-trimethoxysilylpropylphenyl)amine

47).
0
oq
o)
O o {3
HsCO OCHs
O o)N\N N/ﬁo OQNIN;O
W) N"N
d J nco—  “ocH,
15 43 44 45
Si(OMe)s

Si(OMe)s i@\ /©/\/\Si(0Me)3
® -

(MeO),Si O O Si(OMe)s (MeO);Si

46 47
For example, an amorphous matrix-forming compound with two or more hydroxyl
moieties could be polymerized using tris-1,3,5-(p-trimethoxysilylphenyl)benzene or
20  tris(p-trimethoxysilylpropylphenyl)amine as a crosslinker.
Unless otherwise indicated, the term “alkyl” includes both straight-chained,
branched, and cyclic alkyl groups and includes both unsubstituted and substituted alkyl
groups. Unless otherwise indicated, the alkyl groups are typically C1-C20. Examples
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WO 03/017732 PCT/ US02/ 26043 of "alkyl" as used herein include, but are not
limted to, methyl, ethyl, n-propyl, n- butyl, n-pentyl, isobutyl, and

i sopropylwoanai117se |i ke. Unl ess ot herwi se i ndi cat ed, the terrusoabdoys ene”

i ncl udes bot h straight-chai ned, branched, and cycllc di val ent hydrocar bon
radi cal s and includes both unsubstituted and 5 substituted al kenyl ene
groups. Unless otherw se indicated, the al kyl ene groups are typically

Cl- C20. Exaoptailsylbhs liseldytedmaichels, ns ack dve dimitedito,ahethiy, ethyl, ngprepylon- | i mi t ed

to, nethyl ene, eth | ene,. pro ene, hut ne, and isopropylene, and the

like. Unl esB‘“@ﬂ ‘%%itgels?’ g%‘seﬁol”ioﬁgl F‘ﬁ&e%&?kenyl i ncl udes bot h

strai ght - chai nedUéﬂé%E %ﬂf&p@fge Rl @He't@m['"%ﬂ%\']éﬁ@ﬁﬁclﬁ&éir%ﬁ%tpﬁghtfcﬁﬁlm@%' S
|

have one or nore doubl e bonds 10 and i ncludes both unsubstituted an

subst i t ut edbrnklesdly bndyeynligslivalert éyérogarhem vadmls andiinclndas botthensubstisuipll and oups

are typi aII anpl es oéj aIk | ene”..a ed erein include, but
are ot §1 et Sk S o s Otierue i B B InEL Pweir oc

i ndi cat ed bpcalI§ran-Cab kERyh gléﬁof "dm@ﬂé&eﬁs B&ddMmesdin aictilde; bahiad Actdimiggdanched,
and cycllc i val ent hydrocarbon radicals have one or nore double 15 bonds

and i ncl ude®, pethylenss bstdnerenylowe) betvisge: andrigaprepeney prhtiedikeups.  Unl ess
th d | .
vl Ere‘r’]“ylsgn'en 'Cal"]ﬁ&'e s @feé\?ﬁléﬁ] o) 12 o aa{lﬁenhﬁ‘plnﬁﬁdl:%'boggts%ght dHARG! ©s ©

et hene- 1, 2- Btahﬁbhe(péﬂ@eﬁﬂrc rﬂorﬁwdleni hydaswdridheradickle hatddress nadrb dowbls ®onds
i ndi cat ed the term”aryl" refers to nonoval ent unsaturated 20 aromatic

car bocyédfic am%mcwieg b%\}mﬁ@s@}ﬁﬁeq G supsteated alkepd graynsy Unless sy s,
bi pheynyl, ;.pf l*eozh‘g(lfg)f' n%ﬁﬁ!lgg 51%]9§%1c§1 @50NERIBIS oPFa ]EG%}%'EEI%J' Bs Bed

conbi natlons t fer e as used hefein inc ut are not
limted to, hpkanipklud2- ‘mmm'm’[qtI11m1tbdna,pbthbryyll,,pr01bnthen§ilthe lkehydr oxyphenyl ,

2-am nophenyl, 2- et ho hen and, the |ik | ess ot herw,se indicated,
the term "aryl ene/@¢S80 ¥]%ﬂ1%?deh} ‘5{5‘?15'? %?'#6%% kggg'bocycl ic
radi cal s hayjfiged 'B?aﬂcﬁeé 'ah& e9dlic! divilent h§'&fb@a1%§n BREAYd 188 onB br kS ddilbge fused
ri ngs, such as napht hyl éne or anthryl efe, or conbinations thereof. Exanples

of " ar ybenbbndsandsncludes bothunsubstituted abd substitntedonlkeénybine groups, Usdessene-

ant e acene. PprRy e fieaVRE e e Slonty RECATT BRSOt (o™ Lo

"het er oar yl "1kedyRérfe" a8 ubdd e éif iddludd, Butige nstQinsited t8] BihRGe-2,20@NN) pedRAL-
five--to seven--nenbered aromatic ring radical w th one or
1,3-diyl, and the like.

Unless otherwise indicated, the term "aryl" refers to monovalent unsaturated

20 aromatic carbocyclic radicals having one to fifteen rings, such as phenyl or bipheynyl,
or multiple fused rings, such as naphthyl or anthryl, or combinations thereof. Examples
of aryl as used herein include, but are not limited to, phenyl, 2-naphthyl, 1-naphthyl,
biphenyl, 2-hydroxyphenyl, 2-aminophenyl, 2-methoxyphenyl and the like.

Unless otherwise indicated, the term "arylene" refers to divalent unsaturated

25  aromatic carbocyclic radicals having one to fifteen rings, such as phenylene, or multiple
fused rings, such as naphthylene or anthrylene, or combinations thereof. Examples of
"arylene" as used herein include, but are not limited to, benzene-1,2-diyl, benzene-1,3-
diyl, benzene-1,4-diyl, naphthalene-1,8-diyl, anthracene-1,4-diyl, and the like.

Unless otherwise indicated, the term "heteroaryl" refers to functional groups

30 containing a monovalent five--to seven--membered aromatic ring radical with one or

more heteroatoms independently selected from S, O, or N. Such a heteroaryl ring may

be optionally fused to one or more of another heterocyclic ring(s), heteroaryl ring(s),
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nore heteroatons independently selected fromS, 0, or N. Such a heteroaryl
ring may be optionally fused to one or nore of another heterocyclic
ring(s), weteenoasyl ring(s), 24 WO 03/017732 PCT/ US02/ 26028T/tsnybeond ng(s) ,
cycl oal kenyl ring(s), or cycloal kyl rings. Exanples of "heteroaryl" used
herein include, but are not limted to, furyl, thiophenyl, pyrrolyl,

I m dazolyl, pyrazolyl, triazolyl, tetrazolyl, thiazolyl, oxazolyl,
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pol yneri ze er the expected storage conditions. In addition, preferably,
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preferably, aﬂ@léﬁ@} alE@;?;S, Aryl SRGleat, HetthOhyl, ﬁ&%\i@heﬂél‘ alk&%rl,sé}lkéi@%é,sémmo, F,

Cl, Br, I, -OH, -SH, cyano, nitro, -COOH, and -COO-alkyl.

Preferably, the polymerizable, amorphous matrix-forming material does not

20  have a substantial propensity to form or does not form a stable, crystalline phase under
the expected operating and storage conditions. Preferably, the polymerizable,
amorphous matrix-forming material does not have a substantial propensity to
polymerize under the expected storage conditions. In addition, preferably, the
polymerizable, amorphous matrix-forming material and light emitting material are

25  compatible or soluble in a common solvent or solvents and do not substantially phase
separate during solution coating and, more preferably, do not phase separate upon
removal of the solvent(s).

In general, when the amorphous matrix is formed, the threshold for reducing
cohesion in an amorphous matrix/LEP (or other light emitting material) blend is the

30  point at which the LEP becomes the discontinuous phase (if there are two observable
phases) or the point in which the LEP chains are dissolved by the amorphous matrix (if
there is a single phase). Generally, the total amount of light emitting polymer or other
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If the polymerizable, amorphous matrix-forming material is not a hole or
20 electron transport material, it can be desirable to include a hole or electron transport
material as part of the coating composition. Other materials that can be included in the
coating composition include, for example, small molecule dopants (e.g. triplet
emitters); inert polymers; thermal initiators; photoinitiators; coating aids, surfactants;
particulate material to, for example, reduce cohesion; dispersants; stabilizers; and
25  photosensitizers.

In some embodiments, the polymerizable, amorphous matrix-forming material
is also a light emitting molecule. In these embodiments, it is preferred that the
materials and operating conditions be selected to favor emission by the light emitting
material instead of the polymerizable, amorphous matrix-forming material. For

30 example, the polymerizable, amorphous matrix-forming material may be capable of
emitting light in the blue region of the spectrum. In this instance, a light emitting
polymer could be selected which emits in the red or green regions of the spectrum.
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ot her be used. The light emitters include, for example, fluorescent and phosphorescent

materials. Examples of classes of suitable LEP materials include
poly(phenylenevinylene)s (PPVs), poly-para-phenylenes (PPPs), polyfluorenes (PFs),

20  other LEP materials now known or later developed, and co-polymers or blends thereof.
Suitable LEPs can also be molecularly doped, dispersed with fluorescent dyes or other
PL materials, blended with active or non-active materials, dispersed with active or non-
active materials, and the like. Examples of suitable LEP materials are described in
Kraft, et al., Angew. Chem. Int. Ed., 37, 402-428 (1998); U.S. Patent Nos. 5,621,131;

25 5,708,130, 5,728,801; 5,840,217; 5,869,350; 5,900,327; 5,929,194; 6,132,641; and
6,169,163; and PCT Patent Application Publication No. 99/40655.

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

30  charge transport layers, and the like. Commonly used SM materials include metal
chelate compounds, such as tris(8-hydroxyquinoline) aluminum (AlQ), and N,N'-bis(3-
methylphenyl)-N,N'-diphenylbenzidine (TPD). Other SM materials are disclosed in,
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or more electrodes will be coated, deposited, patterned, or otherwise disposed on

20  substrate 120 before forming the remaining layer or layers of the OEL device or
devices of the device layer 110. When a light transmissive substrate 120 is used and
the OEL device or devices are bottom emitting, the electrode or electrodes that are
disposed between the substrate 120 and the emissive material(s) are preferably
substantially transparent to light, for example transparent conductive electrodes such as

25  indium tin oxide (ITO) or any of a number of other transparent conductive oxides.

Element 130 can be any element or combination of elements suitable for use

with OEL display or device 100. For example, element 130 can be an LCD module
when device 100 is a backlight. One or more polarizers or other elements can be
provided between the LCD module and the backlight device 100, for instance an

30  absorbing or reflective clean-up polarizer. Alternatively, when device 100 is itself an
information display, element 130 can include one or more of polarizers, wave plates,

touch panels, antireflective coatings, anti-smudge coatings, projection screens,
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detail in  donors or layers of donors are disclosed in U.S. Pat. Nos. 6,242,152; 6,228,555;
6,228,543; 6,221,553; 6,221,543, 6,214,520; 6,194,119; 6,114,088; 5,998,085;
5,725,989; 5,710,097, 5,695,907; and 5,693,446, and in co-assigned U.S. Patent
20  Application Serial Nos. 09/853,062; 09/844,695; 09/844,100; 09/662,980; 09/662,845;
09/473,114; 09/451,984; 09/931,598; 10/004,706; and 10/183,717.

In processes of the present invention, emissive organic materials, including

LEPs or other materials, can be selectively transferred from the transfer layer of a
donor sheet to a receptor substrate by placing the transfer layer of the donor element

25  adjacent to the receptor and selectively heating the donor element. Illustratively, the
donor element can be selectively heated by irradiating the donor element with imaging
radiation that can be absorbed by light-to-heat converter material disposed in the donor,
often in a separate LTHC layer, and converted into heat. In these cases, the donor can
be exposed to imaging radiation through the donor substrate, through the receptor, or

30 both. The radiation can include one or more wavelengths, including visible light,
infrared radiation, or ultraviolet radiation, for example from a laser, lamp, or other such

radiation source. Other selective heating methods can also be used, such as using a
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controlled by irradiating the donor elenent through & mask. As nentioned, a
t hermal print he3dansfer dayieescanelsoibegrapbierred froppdomoe shests voithout selectively

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

20 substrate that, in essence, acts as a temporary liner that can be released after the transfer
layer is contacted to a receptor substrate, typically with the application of heat or
pressure. Such a method, referred to as lamination transfer, can be used to transfer the
entire transfer layer, or a large portion thereof, to the receptor.

The mode of thermal mass transfer can vary depending on the type of selective

25  heating employed, the type of irradiation if used to expose the donor, the type of
materials and properties of the optional LTHC layer, the type of materials in the
transfer layer, the overall construction of the donor, the type of receptor substrate, and
the like. Without wishing to be bound by any theory, transfer generally occurs via one
or more mechanisms, one or more of which may be emphasized or de-emphasized

30  during selective transfer depending on imaging conditions, donor constructions, and so
forth. One mechanism of thermal transfer includes thermal melt-stick transfer whereby

localized heating at the interface between the thermal transfer layer and the rest of the
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ot herwi se) can also be used to selectively heat the donor elenent directly,
thereby pattern-wise transferring portions of the transfer layer. In such
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one or nor gemgeBa i heRlonosleent TN gortibn vhihe Bublingatbé natgpiaheinzatdeanse on
de- enphasi zed 30 during selective, transfer dependi condi tions,
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strongly th%ﬂaﬂa%técﬁ?iq?@é‘@fg.?&g?ﬂ?& OESh 4 R8sk O BK-pSlvErE Hohi &u&@eqxagg, t he
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mechani 9m 5 xehort fisshriemps amhissers) areudefide $onbigitel inmgingdadmiqueptiniraisd,

| ocal i zed heat,.n an _be used to abl ate portiogs the transfer |ayer off
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condense on dwell times can vary widely from, for example, a few hundredths of microseconds to

20 tens of microseconds or more, and laser fluences can be in the range from, for example,
about 0.01 to about 5 J/cm® or more. Other radiation sources and irradiation conditions
can be suitable based on, among other things, the donor element construction, the
transfer layer material, the mode of thermal mass transfer, and other such factors.

When high spot placement accuracy is desired (e.g., when patterning elements

25  for high information content displays and other such applications) over large substrate
areas, a laser can be particularly useful as the radiation source. Laser sources are also
compatible with both large rigid substrates (e.g., 1 m x 1 m x 1.1 mm glass) and
continuous or sheeted film substrates (e.g., 100 pm thick polyimide sheets).

During imaging, the donor sheet can be brought into intimate contact with a

30  receptor (as might typically be the case for thermal melt-stick transfer mechanisms) or

the donor sheet 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
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10 the receptor. The present invention contenplates transfer nodes that
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containing radiation absor ) in an rmagew se fashion (e.g., digitally or
by anal og expusge entderaturgk imthe donor, for example to reduce thermal or radiation-based

damage to the transfer layer during imaging. Multiple interlayers can be present.

20 Large donor sheets can be used, including donor sheets that have length and
width dimensions of a meter or more. In operation, a laser can be rastered or otherwise
moved across the large donor sheet, the laser being selectively operated to illuminate
portions of the donor sheet according to a desired pattern. Alternatively, the laser may
be stationary and the donor sheet or receptor substrate moved beneath the laser.

25 In some instances, it may be necessary, desirable, or convenient to sequentially
use two or more different donor sheets 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 donor sheets. Multilayer stacks can also be
transferred as a single transfer unit from a single donor element. For example, a hole

30 transport layer and a LEP layer can be co-transferred from a single donor. As another
example, a semiconductive polymer and an emissive layer can be co-transferred from a

single donor. Multiple donor sheets can also be used to form separate components in
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Mul tilayer stacks can also be transferred as a single transfer unit froma
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conponents in 32 WO 03/017732 PCT/ US02/ 26043 the s | ayer .on the
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red, green%&gﬁgth%f ug%ocgnglﬁg ?Jséd g}gbf%r mpRéB sub-u%i xel CEL deviecc?s( for a
ful | col or variety of other combinations of two or more donor sheets can be used to form a

device, each donor sheet forming one or more portions of the device. It will be

20  understood that other portions of these devices, or other devices on the receptor, may be
formed in whole or in part by any suitable process including photolithographic
processes, ink jet processes, and various other printing or mask-based processes,
whether conventionally used or newly developed.

Referring back to Figure 2, various layers of the donor sheet 200 will now be

25  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
naphthalate (PEN) films. However, other films with sufficient optical properties,
including high transmission of light at a particular wavelength, or sufficient mechanical

30  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 materials that
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pol ari zed light emtting electronic display. As another exanple, a
conductive or 5 sem conductive polyner can be patterned via thernal
transfer wooatwora2 donor, followed by sel ective thermal tr@&exfuse2/adfo4m ssive
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used or new evel oped. Referring back to,Figure 2. .yxari.ous |ayers of the
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i ncl udi hi gh t ] SS{ foli ] .
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particuhar appddsebittROancC@B ITE RS, for Bxamglerto costudideatafl@y betwean tHeeast sone
i nstances, is flat so that uniform coatings can be nmed _t hereon. . The

N CC fo [
donor subst sehstratesand) the LT{G) lexer dyriag iagiag of togupyige giechanical sigbiligygioips
037017732 P%ﬂ&%@éﬁ&ﬁ(}&g‘storage, handling, donor processing, or imaging. Examples of

suitable underlayers and methods of providing underlayers are disclosed in co-assigned
U.S. Patent Application Ser No. 09/743,114.

20 The underlayer can include materials that impart desired mechanical or thermal

properties to the donor element. For example, the underlayer can include materials that

exhibit a low product of specific heat and density (e.g., specific heat x density) 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
25  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
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

30  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
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remain stable despite heating of one or nore |ayers of the donor. However,
as described below, the inclusion of an underl ayer between the substrate
and an LTWQGo3logyyaz can be used to insulate the substrate PComShz2043
generated in the LTHC |l ayer during imaging. The typical thickness of the
donor substrate ranges from0.025 to 0.15 5 mm preferably 0.05 to 0.1 mm
al t hough thicker or thinner donor substrates may be used. The materials
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absorbed radiation into heat. The radiation absorber(s) are typically highly absorptive
of the selected imaging radiation, providing an LTHC layer with an optical density at
20 the wavelength of the imaging radiation in the range of about 0.2 to 3 or higher.
Optical density of a layer is the absolute value of the logarithm (base 10) of the ratio of
the intensity of light transmitted through the layer to the intensity of light incident on
the layer.
Radiation absorber material can be uniformly disposed throughout the LTHC
25  layer or can be non-homogeneously distributed. For example, as described in co-
assigned U.S. Patent Application Ser. No. 09/474,002, non-homogeneous LTHC layers
can be used to control temperature profiles in donor elements. This can give rise to
donor sheets that have improved transfer properties (e.g., better fidelity between the
intended transfer patterns and actual transfer patterns).
30 Suitable radiation absorbing materials can include, for example, dyes (e.g.,
visible dyes, ultraviolet dyes, infrared dyes, fluorescent dyes, and radiation-polarizing

dyes), pigments, metals, metal compounds, metal films, and other suitable absorbing
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of physical distortion exhibited by transferred portions of the transfer

| ayer. In other 34 WD 03/017732 PCT/ US02/ 26043 cases, however it nay be
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di stributed: For exanple, as I'n Co- assl Pat ent
Appl i cati5 onbiseer miteriaD IWhed d3P& sedyeantidudate geiiamnsabedibid s laze/esed, the partioke used
to control tenperature profiles in donor gl enents. Thj ' rise to

S can giv
donor sheet §12¢ K&t be b leaptip sorne instangess pRUL 3P sige P fesss apdmgy beg ?%tgrumioaa ity
between the less. Suitable dyes include those dyes that absorb in the IR region of the spectrum. A

specific dye may be chosen based on factors such as, solubility in, and compatibility
with, a specific binder or coating solvent, as well as the wavelength range of
20  absorption.

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

25  chromium complexes of, for example, pyrazolone yellow, dianisidine red, and nickel
azo yellow can be useful. Inorganic pigments can also be used, including, for example,
oxides and sulfides of metals such as aluminum, bismuth, tin, indium, zinc, titanium,
chromium, molybdenum, tungsten, cobalt, iridium, nickel, palladium, platinum, copper,
silver, gold, zirconium, iron, lead, and tellurium. Metal borides, carbides, nitrides,

30 carbonitrides, bronze-structured oxides, and oxides structurally related to the bronze
family (e.g., WO,9) may also be used.
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I ntended transfer patterns and actual transfer patterns). 30 Suitable
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h
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descri bed i naydrSIt iPdioughiahat a therhfiplBAd raiimby Bhro8d the adbietian afithe LFHbI ack
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(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

20  be compatible (i.e., form a one-phase combination) with the other materials of the
binder. In at least some embodiments, a thermoplastic resin that has a solubility
parameter in the range of 9 to 13 (cal/em®)'2, preferably, 9.5 to 12 (cal/em®)'?, is
chosen for the binder. Examples of suitable thermoplastic resins include polyacrylics,
styrene-acrylic polymers and resins, and polyvinyl butyral.

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

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

0.0005 to 10 um, and preferably, 0.001 to 1 pm.
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for exanple, oxides and sulfides of nmetals such as al um num bisnuth, tin,
i ndi um 2WP®3/01778ani um  chrom um nol ybdenum tungsten, ®caisvz/2dond di um
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thernmoplastic resin s typically chosen to 20 be conpatible (i.e., forma
one- phad® cinelidedotlotiermpschandribemopdastigamaterialy. Suwitblekbermgisefdesterialyy at | east

T odi , e : il ter i
the range. obHEgedu’ ELTRELERbGiriET P pbadhaldfn br el hlpedlS) 201 €7 1
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pol yacrylics, . .
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 (T) of thermoplastic materials suitable for
use in the interlayer is 25 °C or greater, preferably 50 °C or greater. In some
embodiments, the interlayer includes a thermoplastic material that has a T, greater than
any temperature attained in the transfer layer during imaging. The interlayer may be
either transmissive, absorbing, reflective, or some combination thereof, at the imaging

30 radiation wavelength.

Inorganic materials suitable as interlayer materials include, for example, metals,

metal oxides, metal sulfides, and inorganic carbon coatings, including those materials
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styrene-acrylic polyners and resins, and pol yvinyl butyral. 25 Conventi onal
coating aids, such as surfactants and di spersing agents, nmay be added to
facilitatwotoh@iweati ng process. The LTHC | ayer nmay be coatrea/usnt/zsothe donor
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to, .an extent that.renders, the transferred.i e
non- f unct i oﬁ%ﬂ@l W&e@ﬁ?@wgﬁgﬁe E@}ﬁﬁ!}%cgﬂeg}veepé%ﬁnﬁegfay %ng&%ﬁ'gns\%rtlfyetr he LTHC
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films, aetalid.syefhes foaghness, edapmchessssite. bl the transfergdleyst. Theawepsnicoll ayer s
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LTHC | ayer as, for_ exanmple,.ther, | asti,c precursors and ubseguent |y
61 05sl | mked WESCIFBRIOL T BN TRUAhaRE ey Braiod xR aR: HaRR OB errE o
material s i RphsferadiRionSFRIPbYmeP RltdBEEM)| Ble@Bickness of the interlayer typically is

in the range of 0.05 um 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
20  pmto 10 um.
Referring again to Figure 2, a thermal transfer layer 218 is included in donor
sheet 200. Transfer layer 218 can include any suitable material or materials, disposed
in one or more layers, alone or in combination with other materials. Transfer layer 218
is capable of being selectively transferred as a unit or in portions by any suitable
25  transfer mechanism when the donor element is exposed to direct heating or to imaging
radiation that can be absorbed by light-to-heat converter material and converted into
heat.
The present invention contemplates a transfer layer that includes a light
emitting, charge transporting, charge blocking, or semiconducting material disposed in
30  apolymerizable, amorphous matrix-forming material that forms an amorphous matrix
as part of the transfer layer. The present invention contemplates a transfer layer that

includes a LEP or other light emitting molecules as the light emitting material. One
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pol ymet hacryl ates, pol ystyrenes, polyurethanes, polysul fones, polyesters,
and polyimdes. These thernoplastic organic materials nmay be applied via
convent i owelo3/ocvat i ng techni ques (for exanple, solvent co®Cirngp2/sEuany
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(D)

applications. Receptor substrates suitable for use in displays such as liquid crystal

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

25 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 or
transistors, for example transistor arrays formed directly on the flexible substrate or
transferred to the flexible substrate after being formed on a temporary carrier substrate.

30  Suitable polymer substrates include polyester base (e.g., polyethylene terephthalate,
polyethylene naphthalate), polycarbonate resins, polyolefin resins, polyvinyl resins

(e.g., polyvinyl chloride, polyvinylidene chloride, polyvinyl acetals, etc.), cellulose
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conmpound interlayers), the thickness of the interlayer typically is in the
range of 0.005 20 pmto 10 m Referring again to Figure 2, a thernal
transfer waywen1238 is included in donor sheet 200. TransfPer/usayan4218 can
i nclude any suitable material or materials, disposed in one or nore

| ayers, alone or in conbination with other materials. Transfer |ayer 218
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combinations of these in more than one direction on the display substrate. For
example, a pattern of parallel striped transparent conductive anodes can be formed on
the substrate followed by a striped pattern of a hole transport material and a striped

20  repeating pattern of red, green, and blue 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 can be provided in a two-
dimensional pattern on the substrate and associated with addressing electronics such as

25  one or more transistors, capacitors, etc., such as are suitable for making active matrix
displays. Other layers, including the light emitting layer(s) can then be coated or
deposited as a single layer or can be patterned (e.g., parallel stripes, two-dimensional
pattern commensurate with the anodes, etc.) over the anodes or electronic devices.
Any other suitable construction is also contemplated by the present invention.

30 In one embodiment, display 300 can be a multiple color display. As such, it
may be desirable to position optional polarizer 330 between the light emitting devices

and a viewer, for example to enhance the contrast of the display. In exemplary
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suitable for a particular application including, but not limted to, glass,
transparent filnms, reflective filnms, netals, sem conductors, and plastics.
For exanpWwe,03fevept or substrates nmay be any type of subs®PCcatisopeeods spl ay
el ement suitable for display applications. Receptor substrates suitable
for use in displays such as liquid crystal 20 displays or em ssive displays
include rigid or flexible substrates that are substantially transm ssive
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Gl Foui 1 3edtGio copguesaRprEegiy oEgiean cPEupeip e FA i FERSL Sefe  or
structures, Ofmggé@ngﬁ;u&{(ﬁggfecms@g@asagglm 25 Suitable flexible substrates
i ncl ude substantially clear and transm ssive polymer filnms, reflective
films, transfl| ecOBlebacklighis cqmmaludzﬁmgsswmlmrs rRAnsiThetiess captichle bArd ofs,  and

t he I|ke Fl exi strates, can

el ect rod% rrﬁ]f%]rl&ﬁ%sguﬁ%att?sr an qeg,tc T’hé’ dgsl’ 8&%5%8 %%ﬂ?pl ?rrzsa.’neesi%lcgr?(;)l ?ﬁg;ﬁ;&%gy? or med
directly onpblBenjbbieon b#r&s ?dl&ﬁbﬁaﬁjectﬁﬁl lajei g REfigivedaydrs colve chirgindlagers,
substrate after being forned on enporary carrier substrate. 30 Suitable

pol yner subsud @ﬁlélslayﬁé m@l@atﬁma;sémtéble HBQEL(®V§GS Gonsjiastignsean also include
t ht hal at | t t | efi
st ne. " por botrighS, dfthoks, B ARRL AR e Bl HR e iReorh ey o1 €1 1 1

chlori de P @illniy, iany khealiles, a&pphceﬁi@s)mclﬁcﬁﬂ \ivh!llte)&smg%)cm Eﬁge(h‘kéiﬁﬁgle pixel
PCT/ US02/ 26043 ester bases (e.g., cellulose tri tate, cellul ose
acet at e}l0 affmRs: f%tex%ﬁl‘?émqr%%lesﬁ‘SPW ISTPY] E%Hlegga]sﬁfﬁ%Vﬁ%SferFor

meki ng CELS (o0, bt @Afdds et YRSk il 1R3d tﬁetnﬁh tfn?,nor tfl ﬁké %‘E‘e diQirghcddige a

barrier filmor coating on one or es of the plastic substrate
to protect {drge aregaingle dlmcgimﬂepanriampsghdélavc:eiargmmnnlbﬂqu cliselytspangds from 5

exposure to undesired IeveI wat e ..and the |ike. Recepi.o
substrates EEFSSHE lpyszs palt mefuﬁ?ft/)é%’fnéﬂ&an%‘f’ @&MF%&PE(S%@%IP e
transi st or s ¢leRRRLIatR Bea TaRDY! at or ribs, spacers, color filters, black

matrix, hole transport |layers, electron transport |ayers, and other
el ement $5 usef uI fLow rebaution@EL chlspézmsm ingtudesntissivedayirs e€onstuctions qenesent

i nvention con I at es .pol.ari,zed ht em tt s _and evi ces.
In one enbo&? ff ﬁ@b 9 0 d%at‘%%fc%k?&aqsggﬁ aYshe e{eﬁg T have
Edj aceng de‘t&*aﬁ@'i)rttlbi’érs (7Y 3 1ﬁj’8c£101|1 1agats slestiondntfidelagat, dnkdve lavek, &laml e,

i gure

changing layers, and other layers and materials suitable in OEL devices. Constructions
can also include polarizers, diffusers, light guides, lenses, light control films,

20  brightness enhancement films, and the like. Applications include graphic indicator
lamps (e.g., icons); segmented alphanumeric displays (e.g., appliance time indicators);
small monochrome passive or active matrix displays; small monochrome passive or
active matrix displays plus graphic indicator lamps as part of an integrated display
(e.g., cell phone displays); large area pixel display tiles (e.g., a plurality of modules, or

25  tiles, each having a relatively small number of pixels), such as may be suitable for
outdoor display used; and security display applications.

High resolution OEL displays can include emissive layers. Constructions can
include bare or circuitized substrates, anodes, cathodes, hole transport layers, electron
transport layers, hole injection layers, electron injection layers, emissive layers, color

30 changing layers, and other layers and materials suitable in OEL devices. Constructions
can also include polarizers, diffusers, light guides, lenses, light control films,

brightness enhancement films, and the like. Applications include active or passive
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shows an OEL display 300 that includes a plurality of CEL devices 310

di sposed on a substrate 320. Adjacent devices 310 can be nade to emt

di f f erentwo@Borw3nf |ight. 15 The separati on shown bet weelCd@sITE®4810 i S
for illustrative purposes only. Adjacent devices maybe separated, in
contact, overlapping, etc., or different conbinations of these in nore
than one direction on the dlsplay substrate. For exanple, a pattern of
paral | el st migexintultigedgraordnll c@londlanlayszecta\reou@@s&mmb@mrnulmmloow fuilrcelor
substrate faoll owed. by a str tte n.of. a h LLansport . mm and a
S ped 0 AipTNE Pl s Ene BEfrapRl kit daten .6, BAGRERES sl idigEn

| ayers, fol &@M1Mealce§fﬂhb RREmBRHOt SfathpQf i€cHs r@adwsaxﬁér@bgtadt@odm §dct1hf-3€S

ori ent ed per pendi cul ar to the anode stripes. Such a construction may be
sui t abl e fodispdayrepnlcgwssi ve matri x di splays. In other embodi ments,
transpargnt conductive anode pads can be provided in a two- dinensional
pattern don the substrate and associ ated with addressing el ectronics such as
25 one or nore transistors, capacitomBXAMRLES such as are suitable for
maki ng active matrix dlspla S. Clher Iayers |nclud|ng the light emtting
layer (s) caExampledsSynthesis obl-(7-Methexy-fuoren-2 Ao ver or can be

pat terned (e g. ebusSt ri pes, tmo-dlnen5|onal pattern conmensurate
over the anodes or el ectronic devices. Any other
Is al so contenpl ated by the present invention. 30 In

one enbodi nent, S 300_can be a multiple co spl a such

may be desi rabl e ]r@p%éloﬁib’é‘llﬂ%f‘ﬁkz dpaﬂthaé’@P‘éFﬁPZ@?arggbyg’@ ﬁ"l% ‘Ilqr@i‘]?
emttin de h f the
G spl ay 10| n SLspiay &er 3ot R ohlbBle SIS e B ST TAER 8 ﬁ%—ﬁ{@iﬁh of
t he devi ces S®t0Jpenis3569%8872 (THEY)er firey atealy]. heml Socs 1865t 26(86@68&5
constructions covered by the general construction illustrated in Figure 3.
Sonme of those constructions are discussed as follows. OEL backlights can
i ncl ude em ssive layers. Constructions can include bare or 5 circuitized
substrat es, anodes, cathodes hol e transport Iayers el ectron transport

| ayers, hollbca mple 2t By of 3-(7-diremiorHk-fluore anenes, em ssive | ayers,
col or changi ng | ay and ot her layers and materials suitable in CEL
devi ces. Cong can also include polarizers, diffusers, |ight

gui des, | enses, 0 control films, brightness enhancenent filns, and the
like. Aﬁglications i ncl fide white or single color |arge area single pixel

1-(7-bromo-9H-fluoren-2-yl)-ethanone is prepared by the reaction of
2-bromofluorene (available from Aldrich Chemical Company, Milwaukee, WI) with
acetic anhydride/AlCls/nitrobenzene according to Tsuno et al., Bull. Chem. Soc. Jpn.,
51, 601-607 (1978).

20
Example 3: Synthesis of 1-(7-Bromo-9,9-dipropyl-9H-fluoren-2-yl)-ethanone

Br- O.Q

o)

Benzyltriethylammonium chloride (3.19g, 14 mmole, 0.077 eq) and 1-(7-
bromo-9H-fluoren-2-yl)-ethanone (52.26g, 182 mmole, 1 eq) are suspended in 178 mL
25  DMSO. 50% aqueous NaOH (80 mL) is added. 1-Bromopropane (59.88g, 437 mmole,

2.4eq) is then added in small portions. The reaction is stirred at room temperature for 2
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10 | anps, for exanple where an em ssive material is provided by thermnal
stanp transfer, Jlamnation transfer, resistive head thermal printing, or

t he |i ke;waliBner7ez singl e color |arge area single el ectrede/ysar/eeohmnnps
that have a | arge nunber of closely spaced emn ssive |ayers patterned by

| aser induced thermal transfer; and tunable color multiple electrode |arge
area lanps. 15 Low resolution OEL displays can include em ssive |ayers. -
Const r uct i odwutsdreforieritcis stwppeshand the agiepusiayerds thesstracied with ethepdBhe

cat hodes, hol e.transport |ayers |l.ect ron [ . e Nj ection
| ayers, el e&PP’é’Hlei%rﬁ%geéﬁ?ygFF 3}”3?26,% \@ﬁ}g tle{/g{'? g@%?gﬁ&%% oo(re\;eﬁeIﬁ%r%"T r;lg{%l ayers,
and ot her | ay¥girSc RYEr W filhéd, SWipoddibdtol diyidsh aftbtheesducGREt r ucti ons  can
al so include polarizers, diffusers, |ight guides, |enses, light control

films, 20 brohyrmatestepkashemetliengelicplumn toghive FHEDIREY, Iaipiop ¥ HdhOrsinet ude
gr aphic indigﬁgﬁ&ynkanps (e.g., icons); segnented al phanuneric displays
(e.g., aSpIiy ce tine indicators); small nonochrone passive or active
matri x di splays; small nonochrone passive or active matrix displays plus
graphi c indica | a part of an.integrated display (e.g., cell phone
di spl ays); |E¥ayaplg athesis ofjthe firy &) e . g., a plurality of nodules, or
25 tiles, eagh having a relatively small nunber of pixels), such as may be
suitable for )esutddor display used; and security display applications. High
resol uti on OEN di Ays can i ngFde, emi ssive layers. Constructions can

i ncl ude bare or Sui ti ; | ates, anodes, cathodes, hole transport

| ayers, electron 2 , hole injection layers, electron

i njection |ayers, i $ , color 30 changing |layers, and ot her

| ayers and materials sQftable in OEL devices. Constructions can also

i ncl ude pol ari zers, diffusers, light guides, |enses, light control fil s,
bri ght ness enhancemgn | ms, and the |ike. Applications include active or
passive 42 WO 03/0] »'@ PCT/ US02/ 26043 matrix multicolor or full color

di spl ays; active or i ve matrix nmulticolor or full color displays plus
segnented or graphic icator lanps (e.g., laser induced transfer of high
resol ution devices pius thermal hot stanp of icons on the sane substrate);
and security displayAéppIications. 5 EXAMPLES

10 A mixture of 1-(7-bromo-9,9-dipropyl-9H-fluoren-2-yl)-ethanone from
Example 3 (20g, 53.9 mmol) in 150 mL p-cymene and p-MeCsH4SOsH (0.3g) is

refluxed for 3 days in a Dean Stark apparatus to give compound A.

Example 5: Synthesis of polymerizable, amorphous matrix-forming compound 1

15

Compound 1 can be synthesized by a method similar to that described in W. A. Nugent
and R. J. MckKinney, J. Org. Chem., 50, 5370-5372 (1985). Tribromide A of Example
4 (1 mmole) and [bis(dimethylphosphino)ethane]nickel (II) chloride (0.03 mmol) in
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Exampl e 1: Synthesis of 1-(7-Methoxy-fluoren-2-yl)-ethanone

1- (7-Met hoxy-fluoren-2-yl)-ethanone is prepared by the acyl ation of

fl uor en- 2v003pi 778t hyl ether with acetyl chloride/ A1C13 a®Corusongsosd

Kaj i gaeshi, et al., Bull. Chem Soc. Jpn., 52, 3569-3572 (1979) or Gay et
al, J. Chem Soc., 1955; 2686-2688. Exanple 2: Synthesis of

1-(7-brono-9H fl uoren-2-yl)-et hanone 15

1- (7- br ono- GiHH hrdafeated AvisH x)msalhtagﬁem&nibsormﬁepamdeyOMeomﬁmiﬂ ’DHF)):M
2- bronofl uorene (available fromAl drich Chem cal,

W)
with aceti doQmigrmaparaaren Aftes/the feaeiianis spmpletedofds %enf %@%A%al afalrated Bul | .
Chem Soc. N 7 fi
1- (7- Br ono- éag %]s romg%lt—]l-g]?l J%%Z%&éﬂ %%X g&n’{gﬁg%theﬁi(ﬁﬁﬁ%%&&m@ ®
Benzyl tri et @t@mﬁnﬂenmapbmmndaéﬂ(dﬁh@g, 14 mmole, 0.077 eq) and 1-(7-
brono-9H-f |l uoren-2-yl ) - et hanone (52.26g, 182 mmle, 1 eq) are suspended in
178 mL 25 DVBO. 50% aqueous NaOH (80 ni) is added. 1- Br omopr opane (59. 88g,

437 mol e, A8001e 65 s{hGiRsie df oty hidrzdhle! aﬂ@f}%ﬂdﬁﬁﬁnatﬁiefof%g édtipdiindst i 11 ed
at roomtenpvr%ﬁ%'r_z_wﬁv% ours before it

i's stopped amith h¥ide apietiess Iayer IS then extracted wth ether. The

conbi ned ether |ayers.are was th water.five var.
Na2SO4. The or gant P2IGGUPPRUD: cﬂ%‘ﬁ”e Fyntpeiasd by@\}%%%?g?ﬁ%ﬁ? B tgéﬂy(ﬁeg%rgnegﬁg t he
residue flagh A §Kafmt 09 IRRESadL B, Birikrie€,d: 0es. Ghelnl B3, Ba;sagsm (1969).
1-(7-brono-9, 9-dip yI-9H—quoren 2- 5 yI)-ethanone nﬁle 4: Synthesis
of the tlo brmhrqnalcte,ag of Bxarpple@ (1 pamolp) ingther (10 mL) is treated with magnesium

turning (4 mmole) at gentle reflux. After the reaction is completed, the reaction

mixture is added to a solution of p-toluene sulfonyl azide (3.3 mmole) in 10 mL of
ether at 0°C. Upon completion of the addition, tetrasodium pyrophosphate decahydrate
(3 mmol) in water is added dropwise. After stirring overnight, the ether layer is

15  separated, dried over CaCl, and purified by eluting on alumina column with petroleum

ether. Evaporation of the petroleum ether gives the product.

Example 7: Synthesis of polymerizable, amorphous matrix-forming compound

with acetylene moieties

20
Tribromide A of Example 4 (30.0 mmol) is dissolved in diethylamine (250 ml)
under an atmosphere of argon. Copper iodide (50 mg) and
dichlorobis(triphenylphosphine)palladium (II) (400 mg) are added to the stirred
solution. Trimethylsilylacetylene (10.6 g, 108 mmol) is added and the mixture heated at
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Pr - Pr Br A 10 A m xture of

1-(7-brono-9, 9-di propyl -9Hfl uoren-2-yl)-et hanone from Exanple 3 (20g,

53. 9 mmolwoim/o1s62 nl p- cynene and p- MC6HASO3H (0. 3g) i s Prefusoxz@4d or 3
days in a Dean Stark apparatus to give conpound A Exanple 5: Synthesis of
pol yneri zabl e, anorphous matri x-form ng conpound 1 15 Conpound 1 can be
synthesi zed by a nethod simlar to that described in W A Nugent and R
J. MckKi nney0°Q for(r g. Aﬁbemqlinga;he 5ATEdFeedpita@shicthFlaiminoprotdden of Exanpl e

st sl A P PASGEL o b
vi nyl magnes Ie'éé%&ét@ﬂ'ldj&yﬁg’ss%ﬁme r%s@uMsS;HéﬂHHr@rﬂatb@raﬁhH ol colﬁﬁﬁmA1203

t enperature ter the'reaction is conpleted, it guenched with

hal f - sat ur atsepportdigbtpstroiuaCethen)| The wosnlt rsrﬁ@awwm@m@u@ﬂfﬂ\ée@%d%wh et her

and the pro ined after evappo t he | e 6:
Synt hesi g o%@ﬁ’gﬁé‘?}?ﬁé{gﬂ o SEPERETROTH "”era? S(r%Jr)ﬁ %Herh%& £mc §01§mé?hqpa2| de
noi eties An e@éﬁp&@te& QnP tHendsig@dis Retradted With bﬁﬁﬂaxhydx@edrmm)skembm ofo that
described in S. Smith, CD Rowe and L.B. Bruner, J.- Og. Chem, 34,
3430- 3433 ( BOBSNL 8V thepmd@ﬁﬁ‘a@cwmbmah&ﬂd@msub imafie-e) in ether (10 ni)
is treated with nmagnesium turning (4 mole) at gentle reflux. After the
reaction is conpleted, the reaction mxture is added to a sol ution of
p-tol uene s k 8aginithefis oBpolynierizable, AMonphaois matrixeforating) mpipwnd
conpl etion of the addition,  tetrasodium pyrophosphate decahydrate (3 mmol)
in mterlolsmw&fter stirring overnight, the ether layer is 15
separated, dried over CaCl2 and purified by eluting on alum na columm with
petroleum ether. Evaporation of the petrol eum et her gives the product.

99 anor phous matri x-form ng conpound

MeO

This compound is made by the same general method as the preparation of the
tribromide A of Example 4 except that 1-(7-Methoxy-fluoren-2-yl)-ethanone (from
15  Example 1) is used instead of 1-(7-bromo-9,9-dipropyl-9H-fluoren-2-yl)-ethanone.
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with acetylene noieties Pr Pr Pr Pr  Pr Pr 20 Tribromde A of Exanple 4
(30.0 mol ) is dissolved in diethylamne (250 m) wunder an atnosphere of
argon. Cowpes/oivat de (50 ng) and dichl orobi s(triphenyl phe@sphisaz)qoasd | adi um
(1) (400 ng) are added to the stirred solution. Trinethylsilylacetylene
(10.6 g, 108 mmol) is added and the m xture heated at 45 WD 03/017732

PCT/ US02/ 26043 50C for 7 h Af ter cool ing, the formed preC| pltate of

di et hyl am né&Exanapie Jrbus iy aniIky X :
The conbined filtrates a Ei t hen evaporated to dryness and the resi due S
t hen chrorratﬂéb—h%éwgﬁl—é—gél um (A1203 support, light petrol eum ether).
The result ns)treated wth a mxture of MeOH NaOH 5 (50nil; 30 mM 1M under
stirring at rg® per at ur e for 1 h. The organic solvent is evaporated
and the resid extracted w ephier and dried (Na2SO4). Renoval of

sol vent gives the i An be purified by sublimation. Exanple 8:
Synt hesi s of pol yrertzz ¥ phous matrix-form ng conpound 10 with

met hoxi de noieties M M8’ Pr Pr Pr Pr MO

HO

This alcohol can be synthesized by demethylation of the compound of Example
5 8 under standard conditions using BBr3.

Alternatively, this alcohol can be synthesized by a method similar to that
described in M.F. Hawthorne, J. Org. Chem., 22, 1001 (1957). Tribromide A of
Example 4 (1 mmole) in ether (10 mL) is treated with magnesium turning (4 mmole) at
gentle reflux. After the reaction is completed, it is added to a solution of methyl borate

10 (3.3 mmole) in 10 mL of ether at -78°C. Upon completion of the addition, the reaction
is allowed to warm up to room temperature while 3 mL of 10% HCl is added. The ether
layer is separated and washed with water several times. 3 mL of 10% H,0, is then
added to the ether layer. The ether layer is then washed with (NH4),Fe(SO4)2 aqueous
solution to remove the excess H>O,. Evaporation of the ether gives the product.

15

Example 10: Synthesis of polymerizable, amorphous matrix-forming compound

with perfluorovinylether moieties

This compound can be synthesized from tribromide A of Example 4 by a
method similar to that described in Example 1 of U.S. Patent No. 5,023,380.
20

Example 11: Synthesis of polymerizable, amorphous matrix-forming compound

with methacrylate moieties

This methacrylate compound can be synthesized from the alcohol of Example 9
by reacting the alcohol with methacryloyl chloride under typical acylation conditions.

25
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This conmpound is nade by the sanme general nethod as the preparation of the
tribromde A of Exanple 4 except that 1-(7-Methoxy-fluoren-2-yl)-ethanone
(from 15wvBxatwpi7e2 1) is used instead of PCT/US02/26043
1-(7-brono-9, 9-di propyl - 9H-fl uoren- 2-yl ) - et hanone. 46 WD 03/017732

PCT/ US02/ 26043 Exanple 9: Synthesis of pol ynerizabl e, anorphous

matri x-form ng conpound w th hydroxyl noieties HOPr Pr OH Pr Pr Pr Pr
HO Thi s al cohol Taprbensinveinisi shedldmyt beomishigtedtlimitedoto thdypartiodpound of

Exanple 5 8 under stapdard copditjons usjn Br3. Alternatively, i S

al cohol can %émi@;ﬁtdﬁ%bfg&b‘b‘ﬁpa B @ﬁbé’ogf‘ﬂ'hqqﬁ‘ﬁqs@opﬁ%fwve&@ @Fﬁeﬁéooétﬂe M F.
Hawt hor ne, J , : imdl 1Y 1 ; 4 (1
nmol e) in eﬁﬁgéﬁt%%gg@naﬁ?yisg&t%rt gg}? géttém&? ﬁzpﬁgngsne‘;%%ﬂfdﬁﬁ%%?if%nﬁﬁa 1e6)ﬁt at

gent | e ref| yrocedsdseas whlb ag mauerpenstivsturestp vdtigthe ipresert indadignmaydesol ut i on
of methyl borate .10.(3.3 le) in 10 nl ..et her - 78¢C. . Upon conpl etion
of the addi tarpah?abﬂ‘ﬁgﬂﬁ E%E?Hﬂ? apgagent {q tg’\%edofsk‘lﬁﬁrqﬁ? ﬁ%t“? ggjrcg(yﬂ? Ergﬁﬁ?gr ature
while 3 niL qhvérﬁf’&lff@hiré&e@%s&@eviw%fqmﬁémnﬂ spy@ficdtnsepar at ed and washed
with water several tines. mL of 10% H202 is then added to the ether

| ayer. The ether layer is then washed with (NH4)2Fe(SO4) 2 aqueous sol ution
to renove the excess H202. Evaporation of the ether gives the product. 15
Exanpl e 10: Synthesis of polynerizable, anorphous matrix-form ng conpound
wi th perfluorovinylether noieties This conmpound can be synthesized from

tribromde A of Exanple 4 by a nethod simlar to that described in Exanple
1 of U S. Patent No. 5,023, 380.
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20 Exanple 11: Synthesis of polynerizable, anorphous matrix-form ng
conpound wth nethacrylate noieties This nethacryl ate conpound can be
synt hesi zw0 0Boo1m8t he al cohol of Exanple 9 by reacting thecalusonzmo4sv t h
met hacryl oyl chloride under typical acylation conditions. 25 47 WO

03/ 017732 PCT/ US02/ 26043 The present invention should not be considered
limted to the particul ar exanpl es descri bed above, but rather should be
under st ood tWIALE CUAIVEEDEEts of the invention as fairly set out in the
attached clains. Various nodifications, equivalent processes, as well as
nunmerous structures to which the present invention may be 5 applicable wll

be readi |y apparent toAthas&d @f_fmghh%hnblrgapih%ls%frblumnwaémmebiae, thé BReiid
invention is directed upon review of the instant specification. 48 WO

03/ 017732 PCPOUSHNL 6043 WHAT |S CLAIMED IS 1. A nethod of naking an
organi c el ectrol ym C I t YN alok ution
3 £5hr ot APERSSUng EYAR R R IR: o BOIRE L Uy 20

coating a transfer Tayer 0 rans r

conpri si ng acopgirisirey d gelpmerizabibe) ambeptousmmiatrixwith kltight érmittidg @atetibl dispaved er i al
disposed in the matrix; selectively thernmally transferring a portion of
the transfer®BEWAES 3 receptor; and 10 pol ynerizing the pol ynerizabl e,

amor phous matri X &flecﬁbgyg?é'rgag? ﬁsf&*’i&g%ﬁgﬁ%ﬂf thé ﬁ'ﬁl?s&"er;lﬁyaé?% £rdcBptok0 the

receptor. 2. The netho r conprising formng a
| i ght -t o-heaind conversion | ayer on the donor substrate and wherein

selectively thermally transferrcing. the transfer layer t.ot recept or
corpr 1 sed sel oot | BAPpetRR TR HaEs fprebb G Redh ofielPupl ey R
i magi ng r adi @ydramnsfted @R rbdeptbrt he i maging radiation to heat. 3. The
met hod of claim11, further conprising formng at |east one
2. The method of claim 1, further comprising forming a light-to-heat
conversion layer on the donor substrate and wherein selectively thermally transferring
15  the transfer layer to the receptor comprises selectively irradiating the light-to-heat

conversion layer with imaging radiation and converting the imaging radiation to heat.

3. The method of claim 1, further comprising forming at least one
additional transfer layer on the substrate and wherein selectively thermally transferring
20 the transfer layer to the receptor comprises selectively thermally transferring the

transfer layer and the at least one additional transfer layer to the receptor.

4. The method of claim 1, wherein the light emitting material comprises a
light emitting polymer.
25
s. The method of claim 1, wherein the light emitting material comprises a

phosphorescent material.

6. The method of claim 1, wherein the polymerizable, amorphous matrix
30 comprises at least one polymerizable, amorphous matrix-forming compound having an
amorphous matrix-forming base structure and at least two polymerizable moieties

coupled to the base structure.
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addi ti onal
thermally t

transfer |layer on the substrate and wherein selectively
ransferring 20 the transfer layer to the receptor conprises

sel ectivewp osloeraml |y transferring the transfer |ayer an@Crhsozageokeast one

addi ti onal

wherein the
5. The neth
phosphor esc
pol yneri zab

structure a
structure.

wher ei n t he (prthyaeyiazaphenytmk iyl dsocgamoto, ratd hemcbeytloyutsrd moteties. f r om vi nyl |

perfl uorovi
phenyl al Ryn
of cl aim 6,
met hod of c

/ RR R R Rendfimeherein each R is i ndependently a substituent conprising
e functional group selected from al kenyl, al kenyl ene, aryl,

at | east on
aryl ene, he
t he pol yneri
pol ymeri zab

10

15

20

25

transfer layer to the receptor. 4. The nethod of claim1,

light emtting material conprises a Ilight emtting polyner.
od of claim1, wherein the light emtting material conprises a

ent material. 6. The nethod of claim1, wherein the

| e, anorphous matrix_ 30 conprlses at | east  one, Folynerlzable
anor phous mat ri x-# or mi Yhy eehebeltlairues Wpren thepalypramdlempic

e A A R R S

nyl et her, azide, pentadienyl, alkynyl, (nmeth)acrylate,

yl, isocyanoto, and benzocycl obutane noieties. 5 8. The net hod

Whereg n t hgyNash &Bfél&lh&'é%ﬁé?@iﬂ&hé%e@tm&%% kes - The

25

1554181 mi ng base

| ai m 6, wherein t%e base structure is sel ected ? rom RRR RR

teroaryl, and heteroarylene. 10. The nmethod of cl-aim1, wherein

i zi ng et ep TRYMELSESS cldidn bhoRdrBin the BAE ¥TFREIR 9 8eltdied from
| e, anor phous natrlx of the portlon of the

@ @"S'O @

wherein each R is independently a substituent comprising at least one functional group
selected from alkenyl, alkenylene, aryl, arylene, heteroaryl, and heteroarylene.

10.  The method of claim 1, wherein the polymerizing step comprises
thermally polymerizing the polymerizable, amorphous matrix of the portion of the

transfer layer transferred to the receptor.

11.  The method of claim 1, wherein the transfer layer further comprises a
crosslinker and the polymerizing step comprises polymerizing the polymerizable,
amorphous matrix and the crosslinker of the portion of the transfer layer transferred to

the receptor.

12.  The method of claim 1, wherein the light emitting material comprises a
polymerizable light emitting compound and the polymerizing step comprises
polymerizing the polymerizable, amorphous matrix and the polymerizable light

emitting compound of the portion of the transfer layer transferred to the receptor.
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transfer layer transferred to the receptor. 11. The nethod of claim1,
wherein the transfer |ayer further conprises a crosslinker and the

pol ymer i 2Wo@3stap2 conpri ses pol yneri zi ng the pol yneri zabl @ecTAGoanwiphous
matri x and the crosslinker of the portion of the transfer |ayer transferred
to the receptor. 12. The nethod of claim1, wherein the light emtting
material conprises a polynerizable |ight emtting conpound and the

pol ymeri zi ng st ep3conp des sBéet pahprising zi ng t he pol yneri zabl e, anorphous
matri x and the polynerlzable light emtting conpound of the portion of the
transfer |ayer tRfHRYEHS:@8dt0 the receptor. 50 WO 03/017732 PCT/ US02/ 26043
13 A donor sheet, (GQORE I:5kiisfhs8BE HiAhBitrARhurksshh HHRF cbifiesingh sposed on
the substrate, the transter l[ayer nprising a polynerizabl e, anorphous
mat ri x and @ol;mgﬂnizabim ammpgoummaihddllgbbgeﬂtlmgmahealrdismsﬁd in the m@@lﬂél n the

t f f bei t
he. donar STt 5 SRR DRR PP SS o estth el ab R iy o7
claim 13, fl&@hgﬁhegtqmrﬁr@,hﬁm@lddaggatre@e@td@eat conversion | ayer disposed

bet ween the substrate and the transfer |ayer. 10 15. The donor sheet of
claim 13, wherein the Ilght emtting material conprises a light emtting

pol ynmer. 16. The onor.. f cl fting
material 15 cor‘rplrrses 81‘3%}?89 etaclclzareﬂnllﬁ' ﬁmﬁg(%rﬂmﬁﬁggr%g@dtgﬁ{g? sheet of
claim 13, wheh@irfioh E/eP@isposed beakdet theibstRhoued thevtansfer lagepri ses at | east
one pol ynerizabl e, anorphous matri x-form ng conpound having an anor phous
mat ri x- fl@r m ng base structure and at | east two pol ynmerizable 20 noieties
coupled to the bgse St'fﬁécc{oﬂfnes gr?of 1‘:41&[ O Rk é{b&%&lgﬁfmﬁ %@nay\/nerel n the
pol ymeri zabl e noi'éfies are epen y select e romvi

per fl uorovi rcyoh@hbwahgmedﬁttmg@mmrenyl al kynyl, (neth)acr yI at e,
phenyl al kynyl, i socyanoto, and benzocyclobutane noi eti es.

16.  The donor sheet of claim 13, wherein the light emitting material

15  comprises a phosphorescent material.

17.  The donor sheet of claim 13, wherein the polymerizable, amorphous
matrix comprises at least one polymerizable, amorphous matrix-forming compound
having an amorphous matrix-forming base structure and at least two polymerizable

20  moieties coupled to the base structure.

18.  The donor sheet of claim 17, wherein the polymerizable moieties are
independently selected from vinyl, perfluorovinylether, azide, pentadienyl, alkynyl,
(meth)acrylate, phenylalkynyl, isocyanoto, and benzocyclobutane moieties.

25
19.  The donor sheet of claim 17, wherein the base structure comprises a

dendrimer.
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25 19. The donor sheet of claim 17, wherein the base structure conprises a
dendrinmer. 51 WD 03/017732 PCT/ US02/ 26043 20. The donor sheet of claim17,
wherei n twe Basy3structure is selected fromR R R R R |'PSI/URZ2d4R R R R
wherein each Ris independently a substituent conprising at |east one
functional group selected from al kenyl, al kenylene, aryl, aryl ene,
heteroaryl, and heteroarylene. 5 21. An el ectrol um nescent device,
conprising: a fpost Thedbncrdheet af slarw N, wheeeihtigdieise atmattarelis gidctabhfrdmi ng

| ayer di sposed between the first and second el ectrodeg, the light 10
emtting |layer conprisingfa pol ymerized organic matriX with a light
emtting material dispogey in the ma
device of claim 21, vvher S
emtting conmpound poit i
device of claim21, wh ; Otl-a
emtting polyner. 24. TR 1 m~21, wherein
the light emtting 20 na i cent material. 52

conprises a |ight
el ectrol um nescent

wherein each R is independently a substituent comprising at least one functional group

selected from alkenyl, alkenylene, aryl, arylene, heteroaryl, and heteroarylene.

21.  An electroluminescent device, comprising:

a first electrode;

a second electrode; and

a light emitting layer disposed between the first and second electrodes, the light
10  emitting layer comprising a polymerized organic matrix with a light emitting material

disposed in the matrix.

22.  The electroluminescent device of claim 21, wherein the light emitting
material comprises a light emitting compound polymerized in the matrix.
15
23.  The electroluminescent device of claim 21, wherein the light emitting

material comprises a light emitting polymer.

24.  The electroluminescent device of claim 21, wherein the light emitting

20  material comprises a phosphorescent material.
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