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variety of applications. For exanple, materials can be selectively
thermally transferred to formel enents useful in electronic _displays and
other devi cAMETHRDAND MATERINE FORP ATGHRNING OE A AHORBHPUS | cr s,

bl ack mat r MQNIROENAMERIC, ORGANIE MATRINIWITH ELEERECALLYNACHIYEs |
phosphors, and organic el MATBRIALDISPOSERDAIIBEREIN have all been
proposed. Summary of the Invention The present invention is directed to
materials and nmet hods for patterning an anorphous, non-polyneric, organic
matrix with electrically active naﬁér'hal digposed in 15 the matrix, as
wel | as the devices formed usi ng t RS | s and net hods. One enbodi nent
of the inventi qnbRCHIAEafrBal®iRes o nabdialBord MoR6:HABES to Rbgstbs ol um nescent
device. A transfer layer is solution coated on a donor substrate. _The
transfer [sabsratdshes benprepesafieiphuids vanety-gdopyliastipes. Tor gxpmplepmetdrialon th a

light emttin terial di i ' The - tr is then
sel ecti velcﬁn %Bg?lgcg}vﬁ&f ti%?/m%ar@ﬁg%gr re t‘% %%E%%é%% 8?6%#%3%%%{)8{% rd gsﬁg &r can

i ncl ude | ag@lhotichaevigs. R?ﬁaﬂﬁf:ﬁly, sélectivkaheralal haadertofabkt €iltersAblatk efatrix,

enbodi ment is a donor sheet that includes a substrate and a transfer

| ayer .10Th&PRGeER P BFIZeEyORdRGHVE Jepess, Aransiars; BheseBes<id ag8ihhous,

non- pol y i [ I 11 j L mtting material disposed in
the matr F%ﬁé%ﬁ}uﬁi%gﬁg@%%%%g?wzﬂm%ngg a%fcg of being selectively
thermally transferred fromthe donor sheet to a proxinally |ocated
receptor. Optionally, the doncsrmﬁmg?‘i;pﬂh%an%&hdes a light-to-heat
conversion | ayer disposed on tte supstrate ror-converting incident inmaging
radi ati on i nt o TheakeseMdhvemtiohhedirendindimaatale sndmathblofbr phtteraligreg a donor
sheet. The method 30 inclydes formng a transfer |ayer on.a substrate by
Sol Ut | on GERTPHYSIToRRIVRENC, BT Bih 6 Siryal e Al GIoPBsHhn

anor phgus i, OANRFROLY HRI1 S theQAeIRBE forfH ubitg hMRRAAR hid Akufded/ Bae2/ 13463

embodiment of the invention includes a method of making an organic

electroluminescent device. A transfer layer is solution coated on a donor substrate.
The transfer layer includes an amorphous, non-polymeric, organic matrix with a light
emitting material disposed in the matrix. The transfer layer is then selectively

20  thermally transferred to a receptor. Thermal transfer can include laser thermal transfer
or thermal head transfer.

Another embodiment is a donor sheet that includes a substrate and a transfer
layer. The transfer layer includes a solution-coated, amorphous, non-polymeric,
organic matrix with a light emitting material disposed in the matrix. This transfer layer

25  is capable of being selectively thermally transferred from the donor sheet to a
proximally located receptor. Optionally, the donor sheet also includes a light-to-heat
conversion layer disposed on the substrate for converting incident imaging radiation
into heat.

Yet another embodiment is a method of making a donor sheet. The method

30 includes forming a transfer layer on a substrate by solution coating a coating

“composition on the substrate to form an amorphous, non-polymeric, organic matrix



with alight emtting material disposed in the matrix. Optionally, the
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In addition, these materials and methods can also be useful for non-thermal

20  printing and transfer methods including, for example, inkjet printing, screen printing,

and photolithographic patterning.

Brief Description of the Drawings

The invention may be more completely understood in consideration of the
following detailed description of various embodiments of the invention in connection
25  with the accompanying drawings, in which:
Figure 1 is a schematic side view of an organic electroluminescent display
construction;
Figure 2 is a schematic side view of a donor sheet for transferring materials
according to the present invention;
30 Figure 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 enbodi mrent of an organic

el ectrol um nescent device; Figure 4B is a schematic side view of a second
enbodi menwoa@B/oarT3or gani ¢ el ectrol um nescent device; 5 Fi @ETAISOLL13463 a
schematic side view of a third enbodi rent of an organic el ectrol um nescent
device; Figure 4D is a schematic side view of a fourth enbodi nent of an
organic electrolum nescent device; .Figur E is.a schematic .side view of a
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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

scope of the invention.

Detailed Description

20 The present invention contemplates materials and methods for the thermal
patterning of an amorphous, non-polymeric, organic matrix with an electrically active
material disposed therein. Such methods and materials can be used to form devices
including organic electronic devices and displays that include electrically active
organic materials, and in particular that contain light emitting polymers or other light

25  emitting molecules. Examples of organic electronic devices that can be made include
organic transistors, photovoltaic devices, organic electroluminescent (OEL) devices
such as organic light emitting diodes (OLEDs), and the like. In addition, these
materials and methods can also be useful for non-thermal printing, patterning, and
transfer methods including, for example, inkjet printing, screen printing, and

30  photolithographic patterning.



material in an organic electronic device, indicate |ayers or materials that
performa function during operation of the device, for exanple producing,
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charged carriers (so-called recombination), and the radiative decay of the excited

20 electron-hole state (exciton) produced by this recombination process."

Materials for OEL devices can be small molecule (SM) or polymeric in nature.
SM materials include charge transporting, charge blocking, semiconducting, and
electroluminescent organic and organometallic compounds. Generally, SM materials
can be vacuum deposited or evaporated to form thin layers in a device. In practice,

25 multiple layers of SMs are typically used to produce efficient OELs since a given
material generally does not have both the desired charge transport and
electroluminescent properties.

" LEP materials are typically conjugated polymeric or oligomeric molecules that
preferably have sufficient film-forming properties for solution processing.

30  Conventionally, LEP materials are utilized by casting a solvent solution of the LEP
material on a substrate, and evaporating the solvent, thereby leaving a polymeric film.

Other methods for forming LEP films include ink jetting and extrusion coating.



Alternatively, LEPs can be forned in situ on a substrate by reaction of
precursor species. Efficient LEP | anps have been constructed with one,
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observer, a screen, an optical conponent, an electronic device, or the
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20  can be provided between display 100 and viewer position 140 as indicated by optional

element 130.
In some embodiments like the one shown, device layer 110 includes one or

more OEL devices that emit light through the substrate toward a viewer position 140.
The viewer position 140 is used generically to indicate an intended destination for the

25  emitted light whether it be an actual human observer, a screen, an optical component,
an electronic device, or the like. Tn other embodiments (not shown), device layer 110 is
positioned between substrate 120 and the viewer position 140. The device
configuration shown in Figure 1 (termed “bottom emitting”) may be used when
substrate 120 is transmissive to light emitted by device layer 110 and when a

30  transparent conductive electrode is disposed in the device between the emissive layer of
the device and the substrate. The inverted configuration (termed “top emitting”) méy

be used when substrate 120 does or does not transmit the light emitted by the device
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and meer! a%{lvated electrons are injected into the organic layer(s) from the cathode and holes are

injected into the organic layer(s) from the anode. As the injected charges migrate
towards the oppositely charged electrodes, they may recombine to form electron-hole
pairs which are typically referred to as excitons. The region of the device in which the
exitons are generally formed can be referred to as the recombination zone. These

25  excitons, or excited state species, can emit energy in the form of light as they decay
back to a ground state.

Other layers can also be present in OEL devices such as hole transport layers,
electron transport layers, hole injection layer, electron injection layers, hole blocking
layers, electron blocking layers, buffer layers, and the like. In addition,

30  photoluminescent materials can be present in the electroluminescent or other layers in
OEL devices, for example, to convert the color of light emitted by the

electroluminescent material to another color. These and other such layers and materials



6 WO 03/017731 PCT/US02/ 13463 can be used to alter or tune the electronic
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color, a desired brightness, and the like. Figures 4A to 4F illustrate
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20  256¢ can be the same as or different from the material used in the hole transport layer
258 or electron transport layer 260, respectively.

The anode 252 and cathode 254 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,

25  platinum, palladium, aluminum, calcium, titanium, titanium nitride, indium tin oxide
(ITO), fluorine tin oxide '(F TO), 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

30 fluoride, or a metal layer and a conductive organic layer.

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



into the device and their mgration towards the reconbinati on zone. The

hol e transport 7 WD 03/017731 PCT/ US02/ 13463 |ayer 258 can further act as
a barri erwbas/o111861 passage of electrons to the anode 252. Paa/usayiie63
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(tBuPBD) and other.co unds descriped.in C_H. Chen | . ronol .
Synp. 125, 20 1 f&@tfgl? %ﬁ‘&spf?ﬁ@é}yeéz& tatep the mjsetiey ?’%‘h?‘?&oﬁ f‘n'\@ﬁle“
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El ectroni ¢ and Photonic Materials and Devices, H S. Nalwa (ed.), 10, 233

(2001) . Aantastadyaraér fapthhpdssagaoichdeste the eaherde 254 HdlesiedniieaneErmBEBY i ces.
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| at er duri I 30 As ano r eéxample, |ight enmitting
| ayer s bagtRLPRD)LHER ottet eoimpbundsaiescribed m C.H. Chen, et al., Macromol. Symp. 125,

20 1(1997) and J.V. Grazulevicius, P. Strohriegl, “Charge-Transporting Polymers and

Molecular Glasses”, Handbook of Advanced Electronic and Photonic Materials and
Devices, H.S. Nalwa (ed.),10, 233 (2001).

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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paraneter is the cohesive, or filmstrength, of the transfer layer. During
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preferably breaks cleanly along the line d1v1d1ng imaged and unimaged regions to form
20  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 poor edge formation is rough, torn, or
25  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 material capable of forming an

30  amorphous, non-polymeric, organic matrix that resists crystallization. The amorphous

nature of the matrix can, in combination with the non-polymeric nature of the matrix,

provide low cohesive strength, as compared to typical polymer transfer layers, during
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form a stable, crystalline phase under the expected operating and storage conditions. In
addition, preferably, the non-polymeric, organic material and light emitting material are
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

25  removal of the solvent(s).

In general, when the amorphous matrix is formed, the threshold for reducing
cohesion in an amorphous matrix/LEP blend is the 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,

30  the total amount of light emitting polymer or other light emitting molecule is no more
than 50 wt.% of the solids of a coating composition and can be 40wt.%, 25 wt.%, or

less of the solids. Typically, the ratio, by weight, of the non-polymeric, organic

10



chains are dissolved by the anorphous matrix (if there is a single phase).
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enbodi Rent%sSUPRE gﬁ 510‘7 rc, organic material used to formthe

anmor phous matr iIXtheihoﬁhﬁ)DyIﬁeﬂd gfganﬁfmhﬂenmlgsﬁeﬂaemé er electrdrheaspembodi ment s,

it is 25 preferred - that the materials and qperating conditions be sel ect ed
to favor enitedqlel cyybe @fﬁgalplieg%tncmetath%@orp%lﬁgﬁ%rmﬁgqré@atw et of
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non-polymeric, organic materials; coating aids, surfactants; particulate material to, for

example, reduce cohesion; dispersants; stabilizers; and photosensitizers.
In some embodiments, the non-polymeric, organic material used to form the
amorphous matrix is also a light emitting molecule. In these embodiments, it is
25  preferred that the materials and operating conditions be selected to favor emission by
the light emitting polymer instead of the non-polymeric, organic material which forms
the amorphous matrix. For example, the non-polymeric, organic 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
30  spectrum. Selection can be based on, for example, the mechanism(s) of molecular
energy transfer and the bandgap of the materials.
Examples of suitable non-polymeric, organic materials that can form an

amorphous matrix when solution coated include molecules having a tetrahedral core
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tetrahedral. cor 11 WD 03/017731 PCT/US02/13463, w.th pen t electrically
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t et raphenyl gernmanes, tetraphenyl plunbanes, and tetraphenyl stannanes
(i.e., replterphSiyligarmangsyteiraphenPiplugbansp, anddetnbenylsiapnanss (R-R R R, , , .
\ R-Si nR~u....RLRR RR.2 3 E R is independently a substituent
containindqgﬁgﬂgﬂnﬁﬁyghg%ﬁ?%éﬁégﬂeﬂﬁﬁgﬁggﬂgl groups (for exanple, aryl,
aryl eng, heteroaryl, heteroaryl ene, alkenyl, or al kenylene) that stabilize
holes (e.g. as cation radicals), electrons (e.g. as gnion radi cal s), or act
as a 10 chronophore. Each R substituent can be the spame as or different
fromthe other R substyg | the R subsfrjuents are the sane,
the nol ecule typically ' ry. Wien at bgast one of the R
substituents is di &Lfgrgn  which may further
facilitatethefortr?a : an @.‘. Btrix. In sone

i nstances, R includes @ﬂv R | heRphenyl group 15
to which Ris attachedgto form forgrexanple, a squy or unsubstituted
napht hyl or other fused ring structure. Exanples_jand further descriptions
of such materials can be found in, for exanple, BCT Pat ent Application
Publ i cati on No. WD 00/03665 and Robihson et al., Ad$. Mat., 2000, 12(22),
1701. In sonme enbodi nents, the substituents R include one or nore
conjugated 20 structures having, for exanple, one or nore al kenyl,

al kenyl enegacaRYis inddpéh@ely (&uBstituent containing one or more conjugated functional

groups (for example, aryl, arylene, heteroaryl, heteroarylene, alkenyl, or alkenylene)
that stabilize holes (e.g. as cation radicals), electrons (e.g. as anion radicals), or act as a

10 chromophore. Each R substituent can be the same as or different from the other R
substituents. When all the R substituents are the same, the molecule typically has some
symmetry. When at least one of the R substituents is 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

15 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.

In some embodiments, the substituents R include one or more conjugated

20  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
rich moieties (e.g. a triarylamine) to stabilize cation radicals (e.g. holes), electron poor

25  moieties to stabilize anion radicals (e.g. electrons), or a HOMO-LUMO (Highest
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functional groups. The substituents can have extended n-conjugated systens
whi ch carworsloutier het er oat ons such as nitrogen and oxygemCTAse2/c3n} ugat ed
systens can include electron rich noieties (e.g. a triarylamne) to
stabilize cation radi cal s (e.g. holes), electron poor 25 npieties to

bi | i | h 12 WO
03/ 017731 GrewpesdBiaai Do llored Unsrapibol sl B bR nbccupi ed
Mol ecul ar ghRjid1ad b vgs@&elrﬂqgehs act'-’dstarc?ﬁYéIﬂé}ﬂlbré %ymnbé & udBSIE R Godd as a

chronophore. Exanples of suitable R groups include, but are not limted
to, the fdh¢lodd, byt artindf limited o, bhe oNowil: ~ ~ | iN~1 I \ N\ / | el~1 e
IeIe.NeeINIINeINeIeIeNIeI\IIe'I~/~NN4eeN,

I~ Nel IV WNel eecel [~ NNN O -N -/ 1\15,5020FF
CO2Et OON\ I/ \ I5 Speci exanpl es swtable edral core
mat eri al s include conpounds 4-6: 18

T "0 sl

N(j?@ ©f©© Q/Qﬁ) QE;“

5 o
Qrf@ @b
T *cz—;{i

by M

5 Specific examples of suitable tetrahedral core materials include compounds 4-6:
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WO 03/017731 PCT/US02/ 13463 NO NN\ ONO4 RILRL Xi RR/N" I / RL
/ Rl RLRL56 R RRL-\RRIIi5XisC S, G, Pb, or Sh and R2
is Hor awkyBo1@npounds 5 and 6 include fluorene noieti ®@ETUSAY/160 be
chronmophoric. These particular fluorenes typically have band gaps in the
blue to ultraviolet range. Such materials can be useful with LEPs that emt
inthe red or green regions so that emgsion is primarily or exclusively
fromthe LEP. Al so anong this typounds are spiro conpounds such as
conpounds 7- 10 9@ RR R R 7 14 Wo08/917731 PCT/ US02/ 13463 i r 8 9
where each R is independently a conj ed structure having one or nore

al kenyl , al kenyl ene, aryl, ?;§Iene ., phenyl ene, naphthyl ene, or

ant hryl ene), heteroaryl, or teroaryl ene functional groups. The
substituents can have extended\atFgonjugated 57systens which can include
het er oat ons such as nitrogen d g 2 ugated systens can

i nclude electron rich noieti (e. g tri ary@n‘i ne) to stabilize cation

5 XisC,Si, Ge, Pb, or Snand R; is H or alkyl. Compounds 5 and 6 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 compounds are spiro compounds such as compounds 7-

10 9:

14



radicals (e.g. holes), electron poor noieties to stabilize anion radicals
(e.g. electrons), or a HOMO LUMO (Hi ghest GCccupi ed Ml ecul ar

O bi t al - bw@esi1dapccupi ed Mol ecular Orbital) gap in the wCTresoz/od4es to
visible range to act as a chronmophore. 10 O her materials that can be used
to form anor phous, non-polyneric, organic matrices include dendriners.
Dendrimeric conpounds have a core noiety with three or nore dendritic

descri bed i D i on Serlal 9/21935 The dendrltlc
substituents typ|ca ~TE contaln t
phenyl ene), A 2 3 aryl e

substi t uent : 145, i ¥ ' :
structures havi one or al kenyl , alkenylene aryI, arylene (e g.,
phenyl ene, naphthyl ene, or Santhryl ene), heteroaryl, or heteroaryl ene

noi eties. The dendr|t|§ substituents can be the s or different.

Exanpl es of dendrineric conpounds include 20 starburst conpounds based on,
for exanpl e, trlphenylanlnes such as conpounds 10- 16: 15 WD 03/017731
PCT/ US02/ 13463 NN No I s \'l I/No N 10 11 R RL R2\ I N
R2 R2 R2 WhergegchR i m@epemien@wa Cionwg%teﬂl s'iruvtm\e haviggone orporpelienyl, R R R1

9-NO Rl ah{lenyllélng%r}ﬁ,zar%ng%e. g., phenylene, naphthylene, or anthrylene), heteroaryl, or

heteroarylene functional groups. The substituents can have extended n-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 Other materials that can be used to form amorphous, non-polymeric, organic
matrices include dendrimers. Dendrimeric compounds have a core moiety with three or
more dendritic substituents extending from the core moiety. Examples of suitable core
moieties include triphenylamine, benzene, pyridine, pyrimidine, and others described in
PCT Patent Application Serial No. WO 99/21935. The dendritic substituents typically

15 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, arylene (e.g., phenylene,
naphthylene, or anthrylene), heteroaryl, or heteroarylene moieties. The dendritic
substituents can be the same or different. Examples of dendrimeric compounds include

20  starburst compounds based on, for example, triphenylamines, such as compounds 10-

16:

15



1213 RIRIRR V' 1 \ XRIRXRLNI/ M1 N~ RL/ NI/ \ Ns R RRN
22 RRL \ I\ N,~Rz RLI1 \ NI\ R X1v2 5RILRLR114 15 16
VO 03/ 01 WBD3RCTEUS02/ 13463 R8 RR3\ \ R r o R3 R3 ~ PCI/USOBI346N N | R2
Cz\ 3R1 RBR31/ "R3B R N S R21Db-% R316 Each Rl and R2 is

i ndependently H F, d, Br, |, -SH -OH, alkyl, aryl, heteroaryl,

fl uoroal kyl , al koxy, am no, or al kyl-COOH Each

R3 is

quoroali% al koxy, al kenyl,

10
R
x/ R1 \/\RZ R2|
AL e
270 ha
= =
N

(T T
/P 5
Rz Ra

12

16

%@
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5 independently H F, d, Br, |, alkyl, fluoroal kyl, al koxy, aryl, am no,
cyano, or nitro. Each Xl is independently 0, S, Se, NR3, BR3, or PR3. The
al kyl , arwb,03ant3het eroaryl portions of any of these sub®CrTtusenmizétan be
substituted or unsubstituted. Each R1, R2, R3, and Xl can be the sanme as
or different fromsimlarly | abeled substituents (i.e., all Rl
substituents can be the sane as or one or norge of the Rl substituents can
be different 10 from each other). Cther dendfinmer compounds can have an
aryl or heteroaryl noiety as a c@re, sudf) ag _conpounds 17-26: Arl

Ar2, NAr1 | i / Ari Ar2.N1 N Ar Ri ArfS JAr RsArt Art Art 17 18 19
Ari Are ™ Arl Ar2~"SAri \ /¢ VNS A ri /\ NflI ~ Ari Al 15
Ari Art i Are Ari 20 21 22F 7 03/01 7 CT/U802/13463 RNA2 -N
N/Art-NRR~Art242 j:P;

PEANs %
.

16

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 Ry, 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 compounds can have an aryl or heteroaryl moiety as a core,

such as compounds 17-26:

Arg\ N’ AI'1
Al"z\ fl\l [}r Al’z
Ar1 Ar1
17
Ar1
Il
=
Ari ~ \\ Ar.
15 1
20




NO NNOOi NO NNN NONIN N -N NCOOM ~ ~I 26 5 Each Arl
and Ar2 is independently a substituted or unsubstituted aryl or heteroaryl,
i ncl udi ngwofos1msanpl e, substituted or unsubstituted phenyCr/ysyzidshe,

pyrol e, furan, thiophene, or one of the following structures: R R2 N NN

NiR2II2R1IiR3R1 RRaR1R23R3X1r- ~R3 N/ \ R Ngi \
I~ ~l 1 R R R2 Rl 18 WD 03/017731 PCT/US02/ 13463 ~X RR 1
1 XL NNRRL\Xz ,x1

C

N N Ar2
o Q. LA
Ar1 x
Ar1
24 25

N °
N\ O \ L
N-y N N N N
N= =N
N:O o /S‘N
26

5  FEach 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:

Ra

©
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R2 X1 N RL Rl Each RL. and R2 is independently H F, d, Br, I, -SH -OH,
al kyl, aryl, heteroaryl, fluoroalkyl, fluoroalkyl al koxy, al kenyl, al koxy,
am no, orwelkpi77€@00H. Each R3 is independently H, F, d, pBTjush2/13bkyl ,
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 gap be subsF§1itut ed or unsubstituted.
Each Rl, R2, R3AYl, and X2 _ean be the Rgs or pditrer ent frogléi mlarly
| abel ed substi nts (i.e. | I RIRSUKSTIt uents bﬁ‘e‘the samex or one
or nore of tW&\RL substituents can be different fromeach other). 10 O her
anor phous matediral s i ncl udeefor exanple, conpounds 27-32: R3 R3 R Art _
Art \ [/ X\l ARrjX/ nAr1<\gd§=\\'1/ Arj X, Arl Are XI Ar2 27 28 29 30 Arz2-

0

NArl Ar2 Xz - | \ XZ Ari 0 X1 X1 31 32 15 Each Art and Ar2 is

i ndependently a substitut or unsubstituted aryl or heteroaryl, nis an
integer in the range of 1 %o 6, and each RL is independently H F, d, Br,
I, -SH -OH alkyl, aryl, heteroaryl, fluoroal kyl, fluoroalkylal koxy,

al kenyl , . i no. .or al kyl - a | s.independently H F, d,
Br, | y al %/alléﬁ ylaﬂl@gééﬁ grp eng?ré&c@’, %r%g}ﬁgﬁ% ,alké’i}éﬁgl; Qfﬁf?m?ﬁy sro. Each X,
X1, and XZwralkndepessrialiox?, allknybalkodMRB3amiB&3er Akyl-dtHm. Hen &l ky! . aryl,

and heterqaryl portions of any of these Substituent’s can be substituted or
unsubst i t dRésgengsatly FRE, GRBr, Raukyk, flueroalkiyldalkoxy anylbenineecwaomr astrar

di ffergnt [, S t f\tuept,s (ipe. al ubstituents
can be thé:f agl‘g?%%gg‘)dzg%ir%ﬁe &@?ﬂtﬁg(r)éé‘,?e, F#]é" 3’30363;% ?&Sﬁlké'ﬁ(l?gﬁ’ di fferent

f r om each beteheryl potifond@ARY 01 FédsuBsHih IR0 4rl Bl &b stitdbddesr SOIHRBMAS €
i ndi cat ed, t}t; t rg ;Pgl I%I "_includes both straight-chai ned, branched, and
cwncm@F®ﬁp%u th & G ke Histsame a8 opdiierant denusimikbibeledt ed al kyl

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 amorphous materials include, for example, compounds 27-32:

Ra~_R3

R l
Ar1‘<[>l(§>'np\r1 Ar1Ar1 Ar1-@7X1\)\21 Ary Ar1/@\Ar2
27 28 29 30
Q o o) o
Arz—Ar1 Arz-X; 1 8.8 x;— A
31 32

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-
COOH. Each Rj is independently H, F, Cl, Br, I, alkyl, fluoroalkyl, alkoxy, aryl,

20 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 Ry, Ry, R3, X, X1, and X, can be ;che same as or
differént 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 from each other).
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groups. Unl ess otherw se indicated, the al kyl groups are typically d -C20.
Exanpl es of "al kyl" as used herein include, but are not limted to,
met hyl , ewbyB/o113propyl, n 5 butyl, n-pentyl, isobutyl, amdTicsopiapyl, and
the like. Unless otherw se indicated, the term "al kyl ene” includes both
strai ght-chai ned, branched, and cyclic dival ent hydrocarbon radi cal s and
i ncl udes both unsubstituted and substituted al kenyl ene gro Unl ess

b chpine

ot herwi se i ndi dtlesd otheh\éisarirr@}f@aé@fb thyr isup salkyle nglydasdath siragght Exanpl es of
"al kyl b t ,
a’ Kyl eney, pr Opy(f gﬂ% @ﬁ{) 'ﬁf}h %‘EA gagd Buddt Bo Qﬁlsﬁﬂsm&é&?%&&?&ogmuféﬁn %gne

et hyl ene, i Sopropy ene
ot her w se gréighsC &indsds oﬂlhﬁmtsermhcaeddk dreydlkyl |grmjps| destypiotly €1 +E20y Hxanipdésned,

branched, and_ cyclic noval ydr ocar.bon radic e one or nore
doubl 6 boraLalioias prdihg 5%%11}9 Bws%g% %Iﬁltteélcfoalﬁat%ggﬁg}y %P@aﬂamenw

groupg5 E@g§%1e§&ﬂfﬁﬁbﬁﬁz @bﬁﬁ&g@lah@ﬁuﬂ'&enyl groups are typically

ene used 15 herein include, but are not
limted to, etRérsss ot}mmpemdlqat@d;dhetﬂaﬂnl‘ alkglenﬂnhebéemd’ihlstmght ¢hagiedat ed,

the term"al k | ene’ n th stra e hed, .and cyclic
ival ot keaBeL aa0 etz elnt S deiune et i o R RN e SR, SYes,
bot h unsulgpdifiutte dikamderilshpst @ﬁessaitﬂf&wydeemcaaé@lﬂn@esaugleh@?ﬁmp@aﬁeer W se

|nd| cated, the al kyl eéne groups are typica es of 20
"al kenyl erﬁﬂﬂc@lb’ @b@@ohamnples atl'allgdend) s mc‘éhqai@n inglude, but arg pot limited

et hene- 1, h erw se
hat caP ea o hayigh, GG o Ehe paRe, A SR e e L ot
car bocycl i c r adifleds Stitawise thdiciged, thd tefrh e@lﬁeﬂ}ll’nﬁﬁ:lud%slBdith&ﬁrafgﬂieﬁlydinéﬂ,

bi pheynyl, or multiple fused rings, such as naphthyl or anthr

conbi nat | dEched ra@@,pyclmmqvglg;n'ggy(gpcaélp% radicals daye PR QA TOTe rﬂ?lubé 5 Ong%t are
t | t h 5
N e

pheny erw se i ndi cated,
t he t er m 'ladiydted)etie alkdmi graups dievigpieally GR<A0u rfecamqblesaxf daﬂkbmdemarabueqdcl ic

radlcals havi.ng e to fifteen rlngs ch as ylene, or nultiple fused
rings! su@ﬁr%lrﬁgﬁﬁt E’rml 9‘11"8]?15(3 pISPCIB'gr?ﬁ‘Hﬁ%‘? s thereof. Exanples
of 30 "ar yl ene Urﬁ@ss‘é%i%g\vﬂ@ rilﬁh&htéd‘%é't‘éﬁn “menﬁérfe”rmudés BoktEéhrali ght-

benzene-1, 2-diyl, benzene-i, 3- di'yl, benzenée-I, 4-di

napht hal e wbaine@ bdwhed and hydmeix@albnmydxqaarboa mﬂmai%hgweme o2 moyedodle17731
PR N R T SRR,
ring radi %@lﬁerwtisbhndiﬂﬁe@ﬂle alkylene groups are typically C2-C20. Examples of
20  "alkenylene" as used herein include, but are not limited to, ethene-1,2-diyl, propene-
1,3-diyl, and the like. '
Unless otherwise indicated, the term "aryl" refers to monovalent unsaturated
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
25  ofaryl 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
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

30  "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.

20



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), wetanoasyl ring(s), 5 aryl ring(s), cycl oal kenyl PCTAs0%)346®r

cycl oal kyl rings. Exanples of "heteroaryl"” used herein include, but are
not limted to, furyl, thi ophenyl pyrrolyl, i m dazol yI pyr azol yI
triazolyl, tetrazolyl, thiazagly oxazol% , xazol oxa azol

t hi adi azol yI, Undess laFfmswndl?ﬁWd dieigm " %IPlioa i Wﬁrs eV ETOHP
di Wi I |
pyrim di ”% flihn Og;%og&algg 5 heorﬁ%ikztlgyﬁmmba%aamrﬁ%e ri ﬁ%&ﬁ%ﬂtﬁhﬁgﬂ@&/

i ndol yI 10 Unl ess otherw se indicated, the
term " het mcnahyﬂeamﬁ&ms eflependemlyf salucteidcfrrah Sg o upy. Swiol & Aeteirongylaing maj/ ent

five--t . d t dical with
het o7 ont oRE PRGBS Py reer Boreel abdr BBeveht fok@nirioaarBeed yi ene
ring may bgrRRkd) %ldan(ehym(é)oopml&lkgmﬁags oﬁxﬁﬂllqra@@fr"he@}&mcméd c

ring(s), heteroaryl ng(s) ring cycl oal kenyl ring(s)
cycl oal ky ﬂlerenmgsludExlanpr@@Otdlﬁmfeldé@eﬁluéﬁ iaphetiylygyatblulsinidazaly, PYT@Z@GIb but

are not limt r thio ene- 2,.4-

oxadi azol é‘iﬁzogq’dﬁe&flzc’liﬁ 1370} }a’i Oé(&%%l%llsé)lx @y pypdia ?y:l»ytbjr?d]f%%‘l’yg 2, 4-diyl,

1, 3-t hi az@dohigactyl, ﬁyﬂdhny]p)éyﬂldiizﬂ@i %)g{lazﬂl}mpyrmﬁﬂhﬂlﬂ NRmdligyld is)bhumohnyl
pyridine-2,5-diy pyri m di ne-2 qgui noline-2,3-diyl, and the |iKke.
Sui t abl e bgwﬁwb&wgoth@phwbsndqlmé@@ﬂmlyl anddipedike, al kenyl, al kenyl ene,

Ayl 1920 ArY! Uiless NG BRI cet AN dYEE T RALKLEAGOFHURT, K e s o

not Ilmtedto oxy, ary aryle tero
het er oary |c6ﬁl@1mr§§ kﬁiwﬂent ﬁ{fek-&ﬁ ytvene meathend arEmatl@hng Brdical with@de or Shhre cyano,

nitro, -CQOCH, . 1t be rec n| that electrically

active rrathé?eF%lt%m%%‘}ﬁ’éPer{dﬁ@iy el V\%?ﬁltst’ hgr gﬁeger%aé}ﬁleﬁ%nﬂg %’é@?d in an

anmor phous,, i fan!gﬁ{e ng or

sem conducf)igéllllgi}fl gér%IOQIggﬁﬁ%%l spose éterd: léggnn%%ﬁ%{l%@arﬁﬁ%%&zéﬁlmn c,

;)r gani c trrmimg(sz( cyAtqcaJkena{ mmg(s)emaayploaﬁiyl mmgudExamIdeﬁh of' Hnatﬁmmylome"al;hélt e
ranspor ctron e er nductin

| ayer ! E%‘b WB"T 1?—30 %335715“4?&?5 iy {hﬂ)?pth@?%%’t r(ﬁﬁlg(t?;a‘ﬁsport °

mat er | al 'oBlaeﬁQZ(ﬁgiQrSJH!@!lslx,S N2 dINERISLEy], 19-Bdddote-NBLdIYIX1, 3 kRiazeMBL25-X can be
f or med u5|d®g for exanple, any of the materials 30 described above. This
mp

structure walipa? Ardinl, aym@m@rgéfdwl peridineratrdtiliyrsndingesd-bhduct i ng
PoLITET € gL BISaL8 SR, 3 Lo, L) o conest ve strepath han
em tting nmat er iSalitablesobstitieng foEsibatithtdMIkyighikylene. talensl, akenylene, aryl,
20  arylene, heteroaryl, and hetéroarylene groups include, but are not limited to, alkyl,
alkylene, alkoxy, aryl, arylene, heteroaryl, heteroarylene, alkenyl, alkenylene, amino, F,
Cl, Br, I, -OH, -SH, cyano, nitro, -COOH, and -COO-alkyl.
It will be recognized that electrically active materials other than light emitting
materials can be disposed in an amorphous, non-polymeric, organic matrix. For
25 example, a conducting or semiconducting material can be disposed in the amorphous,
non-polymeric, organic matrix. Application examples include the formation of a hole
transport layer or electron transport layer or other charge conducting layer by disposing
a hole transport material or electron transport material in an amorphous, non-polymeric,
organic matrix. The matrix can be formed using, for example, any of the materials
30  described above. This structure can be particularly useful for conducting or

semiconducting polymeric materials to produce a layer with lower cohesive strength

than the polymer itself.
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be used. Exanples of classes of suitable LEP materials include

pol y( phenyl enevi nyl ene)s (PPVs), poly-para-phenyl enes (PPPs), polyfl uorenes
(PFs), owbas/oLERPL materials now known or | ater devel oped, pamdisow1336s yner s
or blends thereof. 5 Suitable LEPs can al so be nol ecul arly doped,

di spersed with fluorescent dyes or other PL materials, blended with active

or non-active materials,. dispersed w.th ti.ve_or nqQn- ive materials,
and the |ike. BEXxXApetyof lghtemitting maiepas h‘?&iﬁ‘é‘h&t@l) g S(%i@i‘ § FEHCESAN Ky af t |

et al., Angew -5@21{31 . : S. Patent Nos.
5. 621, 131: 56‘%(():%%}%%%%“15%3% %z’lt%;ﬁ]g}o, 21%1;%%1,% 3%05?%&50; 5. 900, 327;
5, 929, 194; pdy(bB&ybehbyingtete)sqPBYVEE PolyEBira-phehyRaiEs PRRR)L podpihioreams (BIfs),

Publicatio 99/ 406 mat er.i al eneral | y non ani c or
or ganonet af qb%ﬁ%ﬁ"é@ﬂ?ﬁﬁo"vﬁgﬁ% of latey aa‘te O@gﬁ ‘ﬁy]?lﬁrsé%l%‘?g’ﬁ - and
devi ces; asStﬁfEbfetLQE’Ps"@h%Isb%e%nol@&ﬁﬁﬁﬁdoﬂeﬂadﬁwﬁéd m GlbbSent @fes@PBARES N

emtter layers (e.g., to control the emtted col or) or charge transport
| ayers, andlL mﬁ@nIaISkblen@mﬁh Iaytl\ws@dm&?ﬂcm weicgpls, dispdrerfewiepciive psnohrel at e

RN b ac Aot Pb il pi Sleiy BRAHLER St RARbI ML g ienbn

are di scl qziﬁ@t btra,l Aanéwe@Héfﬁ'Et Ha. K7, frems e199s); U.SMae@ms. 5,8ynmp31;125, 1
(1997), 0g)anese [ai g Pat ent %I i cation 2000-195673, U.S. Patents

Nos. 6, 0305 71 305 5130, 0a5,54ha | & 2905, 30055 2B TRl S, B cind ons
Publ t al I WO
o b0l 06100 He: W PETIARAR XAl Al NGO AtRSTE ! comy exes).

00/ 706 aram conpounds and eérs), and WO 98/55561.
Ref erri ng back SM rEatgmuleafb getlenallg @oh-pyBinet bOganic o @panetttdiic siobkstiaat e 120,

Substrate 120 can be any substr sui table for CEL. device and di splay
appl i cat i dﬁ%te“a ttthat exphpysed 18 it Fsplevord Eanect shppiticemaferials, qar

plastic, v. Rl ats ?Ag f tsrfﬁteﬁﬁﬂtéiltleg%}s %@tto%ﬁtrattﬁéta%d%w) or

transparent t Substra can al so be opaque to visible
| i ght, f orchexgrimnepest kaycﬂsem;l the dikt., Comywnhy hded SM injdteros mphﬂ«;/m@taﬂl con, or

the like. use so mat.eri al CEL dey. can be, p

Suscepts bl e gt ahes by bRt iolke GntERm i B i Raf e 120
pr ef er abl ympihophétss)-RIN'- B8 RzRIM (TPDYE Okidr S hidtdals 4€ disSloseddinl i ed Wit h
one or nore Iayers coatin gs, or 30 |l ani nates that g)eow de an adequate

envi r onnenfoaexasame.i GH. ng@sqtlab,tMaqmmoL;Smm 485, IndPade JanspessirkPreit devi ces
arrays’ and P lPRldR 2dbo- 7 £ s PR NoL SO EYE, BHR0M. BT Usozr 13463

6,242,115 and, PCT Patent Applications Publication Nos. WO 00/18851 (divalent

20  lanthanide metal‘complexes), WO 00/70655 (cyclometallated iridium compounds and
others), and WO 98/55561.
Referring back to Figure 1, device layer 110 is disposed on substrate 120.
Substrate 120 can be any substrate suitable for OEL device and display applications.
For example, substrate 120 can comprise glass, clear plastic, or other suitable
25  material(s) that are substantially transparent to visible light. Substrate 120 can also be
opaque to visible light, for example stainless steel, crystalline silicon, poly-silicon, or
the like. Because some materials in OEL devices can be particularly susceptible to
damage due to exposure to oxygen or water, substrate 120 preferably provides an
adequate environmental barrier, or is supplied with one or more layers, coatings, or
30 laminates that provide an adequate environmental barrier.
Substrate 120 can also include any number of devices or components suitable in

OEL devices and displays such as transistor arrays and other electronic devices; color
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filters, polarizers, wave plates, diffusers, and other optical devices;
insulators, barrier ribs, black matrix, mask work and ot her such
conponentwp cafoe78he |ike. CGenerally, one or nore el ectro®€3/usot/i34be

coat ed, deposited, patterned, or otherw se disposed on substrate 120
before formng the remaining |layer or |layers of the CEL device or 5 devices

of the device |ayer 110. en a.ljght transm ssi substrate 120 js used
and the CTR AP LTSy WA R RIES déﬁj% q’@ﬁi’l%tt‘ia}\g cVigaselnspiators Baicp,

el ect r odes g glack hfiprid bR HRH Bfd Mﬁgﬁsdcﬂ%o?l?@@nrfs&}taﬁd fiedi@n _ft;éneﬁugné,m%si ve

material (s) are preferably substantially ansparent to [ight, for exanple
t r anspar endr maeglactrodes valldetooatidd sdepositedapattarmadi, onotherwisxdideosell @) or any of

nb f. ot t duct i i des, 10 El t .130 b
ol omont oreubailf wad PERREPIERE T GtinE Trtor e SEHagiEh SeHEs o cpl ay or
devi ce 51004eviRE oL B iSe 105 TENt WhiR aGi3ht PmsAiissiveldubBeiid 20 Whaed seyi ce 100

is a backlight. One or nore polarizers or other elenments can be provided
bet ween t H&e OB dayénglos darides dre bptetl augtingddeictestrodoor ¢legiradesthahare an
absorbing or r Y | .ean- Qlarizer.. Alternativel n device 100
is itself Ggﬂ)ofg‘x i|3érelr}%{e)Ermrrtg’fa %%%S%rﬁltesp Ogaﬁda}fé‘f Shent o er{:ai(%s Frﬁ#%fﬁl\é{% ne or nore of

pol ar i zer ssubwanitallpltBhgSrent tOUGH, RARESpleaftinkpaedlt @6hductive @REIrdd@S such as
anti - smudge coati ngs, ;%r Qj ection screens bri ght ness enhancenent filns, or
t

ot her opt B4 GRPEARHLS) o& gaY phygumherf ather sppspseent genductiys oxifes he | i ke.
Organiy el ect ! Mmoo ¢a pE Y BllfoRlMihdioR Jrefe én?g%?tgﬂegﬁﬂt &g can be

made at least 1n part by selective ermal transte emtting
mat eri al fwolrOFEL digplapdr deviceri®dDe Fod exxonpls edaherit d36 cakebe aedlCDemegilor

substrate. For_exanple, Jight enmittin pol yner di spl ays and | anps can be
made coat i HEFRIFVEER Ul P ?%gﬁhtpm)%@r Efe@ﬁ%'éﬁ‘isé’roﬂ%ﬁ%%ﬂmsﬁﬁgﬁl e of
form ng an,8pREPHAWSedTRE TICO Abda1LRGhe BAKEENARYIENS0, S8 §REkty &L Y
transferring the LEP | ayer alone or along wth other device |ayers or

mat er i al s absotbing @Feidfictipt alpanup potagizer. ASidragivielye whisedavice d P@uissfself anf | ayer s
cont ai_ni n ight. emtting materjals.for. organic electronic devjces can be
por f or'ted ek gliof bl e i b 2 inshie B S8bEe S SRR SVEHLS e of o
t her mal t rigfd RineBOaitirefRRAVS bbdtiaph entidinudse chatinghprhjees@écrednyent i on.
Donor el enent 200 includes a base substrate 210, an optional underl ayer 30
212, an optishiness enhgpeement RS, OF OHIEE PRI comperients, Teatinga yser interace an
opti onal idg,gcrega&%ebl-léla and a transfer layer 218 that conprises an

ent a

oriented or orren IS emissive material or functional ali gnhrent | ayer.
Each of these eDenamntkcavmicdesices tmdainmgmuiaiadefoailight emidSion can be made

20  at least in part by selective thermal transfer of light emitting material from a thermal
transfer donor sheet to a desired receptor substrate. For example, light emitting
polymer displays and lamps can be made coating an LEP and a non-polymeric, organic
material capable of forming an amorphous matrix on a donor sheet and then selectively
transferring the LEP layer alone or along with other device layers or materials to the

25  display substrate.

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

30 212, an optional light-to-heat conversion layer (LTHC layer) 214, an optional interlayer
216, and a transfer layer 218 that comprises an oriented or orientable emissive material

or functional alignment layer. Each of these elements are described in more detail in
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WO 03/ 017731 PCT/ USO2/ 13463 the discussion that follows. O her |ayers can
al so be present. Exanples of suitable donors or |ayers of donors are

di scl osedwpr3in1B31 Pat. Nos. 6,242, 152; 6, 228,555; 6, 228, P€3]US62/P43 553;
6,221, 543; 6,2, 14,520; 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 5

Applicatiaq rial s.. 09/ 853, 062; 09/844, 695; 09/844, 100; .09/ 662, 980;

09/ 662, 845" eé’gé‘}%‘f’?{\tﬁ%{?ﬁ%"ﬁ% @P‘A_é?[?f%ﬁl} 2R bp PESEYs Exaigp e@ﬁéswgff‘em _

i nventi on,do@BsH1¥RrOb SRofs ABEREIL&ESIn U RCPHINDE 6, 142H3206 208 bes, materi al s,
can be selectively transferred fromthe transfer [ayer of a donor sheet to

a recept or0, 2843 8122 11593 pb,A21, 9P ; O1Rd 41528n61184, 11 Zy6e1 145388 AO98OHRYr el enent 10

adj acent t g t Qr,. .ecti.vely heati.ng the d | enent .

] Setr a1 ET R0 7 0% A R4 P B BB R N TS BB aci at i ng
the dopor mhizefién Béridl NoIBGD/8%8,0622 DAY G051 (W44 BID; D9/68D.980 6 42Y845;

| i ght-to-heat converter material disposed in the donor, oftenin a

separ at e (0PHI31 e pnd 89d56B%erted into heat. In these cases, the donor can
be exposed to i i r.adi,at i : .ate rough t he
receptor, or lg Eo{)%.gsefﬁ’gkhr%a%%g{n}%%&g%%’ I&Iﬁ%ﬁﬁ%@?@g@%ﬁ%@ﬁ%&@m&g@lg engt hs,

i ncl udi ng DMEBSI d?loghdringhiérials, icd bagedettivaldi ttdnk fefred Gfonuthe tavsfel Berafd ati on, for
exanple froma | aser, or other such radiation source. O her

| anp,
sel ect i ve do8ak $hegt iverTRerpiorcHbstiRfesky placingdie transée layer otheglonor elemental print
head usj : r . t anp
such gg a dj(}g?lgtc}t)gﬁ ll%géoprgg&ogélfl gtrl"rl%%egfh%gg gghér)g(ﬁogfe Iég%%l f( 2?1 E%ﬁ%gﬁ be used
t o sel ect idoabyel2Mehtsan be seloctor)y hddidddryi iatadfatiopgttichdonbhelemeht witlansdgng | ayer
can be sel e(ﬁt .ve receptor in thi.% r.raggeedripto i, mgew se

o e ot asatios i A eSS ke ol e B rter e R e A

I nst ances,offel R AREpdrat8 DART 1y B bdifBked RO hedt Otn @RS, 112 doABPCAY
| aser, to patternw se expose the donor can be advantageous because of the

accuracy aedxppieddd snaging rdiationntrofiglethetslonacsibsiveid, thigh hemeceptet, ehape of

t he transferr ttern (e. 25 line, circle, .square,. .or .other shape)
can bé gc on 0?}6 ?F%eglaaglflﬁo? 8%11 1(51)9(%19% Pré? 8%%1Preec\€’f“ﬁeéer{gﬁg » 10§ ﬁ1§ g%@“ﬁ?&@ﬁag ht beam
t he exposunapadridationgbr tifevibleghididRaTor ttRemplldfidnh @ Tased, 16, @€ be@r siadam
contact with the donor_sheet, or the materials of the donor sheet. The

t r ansf er r dadiation saee. Aherselsstivehesbing mstheds cgy alsp bgypeh pwek asrsingdhor
el enent t I f?iﬂ{lﬂ?r i %]ygr heatin
el enent (gfé%?%?ﬁ‘g%{%r%%&gﬁ%ﬁg{fﬁﬂseg can ta 'sgzbr’aalb%a?%{sng ﬂ%gﬁlgleﬁgetgtl el y heat °

t he donor setleaembeaied 8htdng stantpathettyas apelidfgratienn thet can ba sl toiselgetpamly i ons of
the transfer. layer. In such cases, t | i ght -t o-heat . conyerter terial in
e aghor MERTOReD). BB A o Srrahtrmal GantEr leutran 5F Seles Brely e 10

areceptor in this manner to imagewise form patterns of the transferred material on the

receptor. In many instances, thermal transfer using light from, for example, a lamp or
laser, to patternwise expose the donor can be advantageous because of the accuracy and
precision that can often be achieved. The size and shape of the transferred pattern (e.g.,
25  aline, circle, square, or other shape) can be controlled by, for example, selecting the
size of the light beam, the exposure pattern of the light beam, the duration of directed
beam contact with fhg donor sheet, or the materials of the donor sheet. The transferred
pattern can also be controlled by irradiating the donor element through a mask.
As mentioned, a thermal print head or other heating element (patterned or
30 otherwise) can also be used to selectively heat the donor element directly, thereby
pattern-wise transferring portions of the transfer layer. In such cases, the light-to-heat

converter material in the donor sheet is optional. Thermal print heads or other heating
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24 WO 03/017731 PCT/ US02/ 13463 elenments may be particularly suited for
maki ng | ower resolution patterns of nmaterial or for patterning el enents
whose pl awemsit77aeed not be precisely controlled. TransferCrrager/s346an al so
be transferred from donor sheets w thout selectively transferring the
transfer layer. For exanple, a transfer |layer can be formed on a donor 5
substrate that, in essence, acts as a teg'?orary l.i ner that rogan be rel eased

after t heclemsnismasy be paraeulpdy swtndder waking loweragsolptinn patsmschmaterial BF cal | y
with the [ ' W Jipdiedeferred to as

| am nat i o%ﬁ%@ﬂg@el@%@g@bﬁg?%&??g{{\s Oé[r% ?’ﬂee&segﬁ%l r eﬂf(?'ansf er |ayer, or
a | arge porti ofrddsérénfers tam dldvebea teamefetred frofihdonmodbeats witheuwtselectimeds t r ansf er

can vary dependi ng, on the type_of selective .10 heati.ng.e oye t he type
o i 1 i HERGAE TS TS 1o T6! PRETRID AT BYE 8 BHoTT G f 0 Tand
pr oper i e%,u&fcrafehﬁat%tésgaﬁlle,l deTds d @¥Bbrary hfertiiARaR be P RLH k& thtrhl@er

transfer layer, the overa construction of the donor, the type of receptor
subst r at e Jayanis cohtacteil ke a ritieptos subsiwatehiypipatly vt the aprlidetiomalheahenr v,

transfer general occur,s via o or nore nechanis an [ re of which
my b enBaSTSedHer S BRI, HAEFI o bt o SR BTV PRCIRarEr R Biendl ng
on i magi n@gnGRihifePRger, 49 A W¢rgs POGLH UhddIN®, theRdesior. forth. One nechani sm of
thermal transfer includes thermal nelt-stick transfer whereby |ocalized

heating at theThamadeashavaalmess tranafer pasy vaih dependineson thgyige odseleethiee r est of
t he no | nt n J i f ransfer |ayer to
t he dgﬁor Iilleaﬁ[m%g% 1:31(0: egdﬂ*eg?g‘% ?If)l%fﬁge g&‘g g%%p%xﬁ)tg ?eottr}]lg %o’it‘mjf hhzae l'fkfw‘lze(;rfre}al transfer
| ayer can paidiRlearidpropetiedof e eptiatal NDHE oy ¢rpthgltypd dfanatexals rethdonor so t hat
when the donor elenent is _renoved, the selected portions o%ﬁthe transfer

| ayer remiiepsieayfretheeraligionstaysion of thedtoRghithe iy P eReRifaiubstraln apds

i ncl udes I Q- : I iﬁﬁﬁiy j abl ate
portions (;ﬁ?éltﬁ{?'ev\ﬁ%ﬁg@%ﬁpgﬁﬁé g(?%ﬁd(??’%tﬁ fk{é on’gfﬁg{eg eﬁ@l}?ﬁgﬁg‘é)& %I?Gr ecting
abl ated mah®ré mechamivans] ohdrer memegftvdrich ey bammphasizadew ligrengpimafed her nal

transfer includes 25 sublinatign whereby mater.ial .dispersed.in the transfer
| ayer dan dB_En%ﬁPﬁ?‘itWﬁttréaé’%pg??Pé’aﬁmg@aﬁl@?%%%80?‘?61{1?% AR SONITUSHENY 28DS%or t i on
of the sulphiiredesmFBhRidnbf GRANSIARESRSRCRIAes thefnilaReRkRk rahbRr Mhe&BR!t

i nvention contenpl ates transfer nodes that include one or nore of these

and ot her lonaliredricsting ahibe difyriacsl hebvgopdhddigrmaldraopion layenad thesst ofdha be
used to cause the transf er | f Y. .0 receptor
surface. gﬁn% e&/%l?‘ia’nettcgn 2 V%;ré@% %@%ﬁﬁ 8%@&%%%@%@%%2&%% ?10 t)h% dgé%lfjlﬁt 0 heat
donor shegtlsctedWeaticidal Safectericivmiionses tHethermal exapsistiagert dan @didre & thask) |

hi gh- powered |ight sources (e.qg., _
g pzo receptor gnore strongly tha§1 to %16 donor so that when the donor element is removed,

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

25  sublimation whereby mateﬁal dispersed in the transfer layer can be sublimated by heat
generated in the donor element. A portion of the sublimated material can condense on
the receptor. The present invention contemplates transfer modes that include one or
more of these and other mechanisms whereby selective heating of a donor sheet can be
used to cause the transfer of materials from a transfer layer to receptor surface.

30 A variety of radiation-emitting sources can be used to heat donor sheets. For
analog techniques (e.g., exposure through a mask), high-powered light sources (e.g.,

xenon flash lamps and lasers) are useful. For digital imaging techniques, infrared,
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xenon flash | anps and | asers) are useful. For digital imging techniques,
infrared, 25 WD 03/017731 PCT/ US02/ 13463 visible, and ultraviolet |asers
are partiwoloaoly3useful . Suitable | asers include, for exaapluse2/kd4gh power
(>_ 100 mN) single node | aser diodes, fiber-coupled |aser diodes, and

di ode- punped solid state |asers (e.g., Nd: YAG and Nd: YLF). Laser exposure

dwel | tines_can vary widely from for exa w hundr edt hs of

mi crosecoﬁtfsb?Glnguit@ﬁé‘)lﬁflasﬁw&@é‘&‘}ﬁ yd‘lsgﬁl) @ltagma?eé%’éﬁc{lﬁlaugﬁces can be
inthe ra tHo 2l Rodpeiasef difBLe. Qt her
radi ati onggouélgggkh%%?rrra?aﬁwg ﬂ-%? ém?? %‘rglesr %ano%ﬁersg}léablg balseo? on,
anong ot hefid thidegampédelidiosiae 18bar(ent, NdbWAIG act Ny, LR)h&asdrreapedues | ayer
material, the node of thernmal mass transfer nd ot.her such fac ors. \Wen

hi gh spot db’lelié’@?ﬁ’é g0 sy ayidely foan.des prageple.a fﬁw uifsrths of P@PWF‘?‘F@H f©ments 10
for high ?ﬁﬁéﬂo%oﬂ’d@%qﬁ&re délﬁiWa?eXsﬂu@ﬂ&s 951@95 inSH6 R Fﬂdn‘f' gbi 8nsplover

| ar ge substra areas aser can be particularly useful 'as the radiation
source. Labeart Osmub absutdr kel stomoro r@men tatlietion sdurdestand hla{a@@tlcm @ndltmbst rates

(e.g., 1in 1.1 mm gl as n sorshe

subst r at e§ar(€ ﬂma le’GS%‘Fh g9 ﬂ?“ g’r‘?@@f‘g’iee‘ﬁﬁ?ﬁcﬁﬂs lﬁPhb t he donor
sheet Cant@ﬁsf@{}%'&@ﬁatérﬁl Qhb ﬁ{dd'g%tf%éiﬂﬁi A6ds tWinkfRr, Bind Dther 86@PMhblor( as m ght
typically be the’case for thermal nelt-stick transfer nechanisms) or the

donor sheet caWia lSgasret phoementi astenaerisfdesingd (8., %@maﬁﬁﬂ%%eléﬁﬁmbe t he

f f f
rocha smi3t Pigh it poenTion A A st LRl R R LS50 1o

hol d the dangra a8 ein bdpdribhlARy AsefGOAUAS tadiitioh sbiree.r Earpt@irceslafe sloore
i nstances, a nask can be pl aced between the donor 20 sheet and the

recept or. c@mchtlldewwtblbO&alﬁngléﬁ@bﬁ@@teé (08 ééilhxrléﬁraﬁ hlgmiglesskaddept or  af ter

t f | t t t the d ,
aai at + on oatiens e C BT b ROLE CF AT b AR A oher

| ayer (s) cont ainiripg 1ﬁ1agihgtm@aon@mleétbﬁﬁbe bfbugnt mm@aym&ecdnmhwﬁxh ale.g.,
digitally or by, anal og exposure throug to perfor m i magew se

transfier  aecepter (asrpighiypically be the9se @,r ﬂlleéVé]rmFF‘éﬁ?lf fensdgripechanisMgl et o

the recep 4ty 1! Qé‘é{n% ¢ th@¥&¥ 18f ©
transferrteﬂggqonyﬁle%?éea%)ebetsﬁ%e%%%ﬁ%o(ﬁ% trans gierlji‘en significant pgl‘tl ons of
t he ot her abhyie¢ &amsfferhﬂmhdmsms oshm&tn,al sﬂﬂﬂmmn tmha”em]nm}mnwlms) nireatlleager or
LTHC | ayer. The presence of the o nt.er el T8 J| m.nat e or

1 % ongr

reduce t h&OWEARLIISES, BICSTHLE &F VaU H“‘SE Flélq 8 IndpRESr or 30
reduce di %Bﬂtfa&ﬂ With 8 r&d3Bok ! BNSIrES ﬁﬁ%@é&r 5 baBk 0fn Bdadddaesd e thadédor

Preferably, under

20  sheet and the receptor. Such a mask can be removable or can remain on the receptor
after transfer. If a light-to-heat converter material is present in the donor, radiation
source can then be used to heat the LTHC layer (or other layer(s) containing radiation
absorber) in an imagewise fashion (e.g., digitally or by.analog exposure through a
mask) to perform imagewise transfer or patterning of the transfer layer from the donor

25  sheet to the receptor. |

Typically, selected portions of the transfer layer are transferred to the receptor

without transferring significant portions of the other layers of the donor sheet, such as
the optional interlayer or LTHC layer. The presence of the optional interlayer may
eliminate or reduce the transfer of material from an LTHC layer to the receptor or

30  reduce distortion in the transferred portion of the transfer layer. Preferably, under

imaging conditions, the adhesion of the optional interlayer to the LTHC layer is greater

than the adhesion of the interlayer to the transfer layer. The interlayer can be
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i magi ng condi tions, the adhesion of the optional interlayer to the LTHC

| ayer is greater than the adhesion of the interlayer to the transfer

| ayer. Thwoioaber’Bayer can be 26 WO 03/017731 PCT/ US02/ 134®8T/uSoansing ssi ve,
reflective, or absorptive to imaging radiation, and can be used to
attenuate or otherw se control the level of imaging radiation transmtted
t hrough the donor or

to. manage tenperatures jn the donor, for exanple to
educe. t haTRERISIYe PG oot BABHVE H-ivns Bihien hd et Br nreaaligag
i magi ng.  MyloidplvRelcBARSIHRYRYS TR Difis PABSEH tramRmi@d BrABAMMe &REbSICan be
used, including donor sheets that have |length and wdth di nensions of a

met er or moanage tempapangs inthe danda farexemplate redust dramapaboer rediatiembssed noved

across the, | ar onor sheet,.the.l aser i sel ectively operated to

"1 um nat danep fo BReBrR RibuhgE wRlEE RMPSRETR SR EAha tern.

Al terngtively, Itdge i&fRkhd®Ycan b ustBinQnd@hY daist shb@s tatRivedhgsh afd recept or
substrate noved beneath the laser. 10 In sone instances, it may be

necessar y,Widdsdimensiens of 2 weisyeriners: Inops@tonh lagaricon bestereborgrtherpise
different ﬁ?\{n s :)cgohs? ﬁ{eslartgg d%gcgrrghgéteﬁlte g%@# g?iﬁgéélgéﬁztegg%%{a{tgf %Dlhﬁrrmnalfg r

exanpl e, ayer evices can erring separate

| ayers or postiailoftite ddnde KiseeDiccbrgs ® 4 desived bitedn e Altethatiosly sthe &isét may
Mul tilayer stacks can also be transferred as a si ngl e transfer unit froma
si ngl e dorhsrstatloparyAnd thedoney shest er regenioy wibsizate moysh Bereatbaliedasgihd a LEP

| ayer ,can be c . f j ] 3 , a
sem colﬁduct i veq%tgpglﬁzlﬁﬁérﬁcgfggﬁﬁ %@%\?%}gﬁgfggﬁ;ﬁ oﬁéo@%%%?ﬁ%g @%%?@ghfr om a
si ngl e donse twd/bt tropd éifidmnodormi eldets odnrm lekotrbsic dsedestan 4 mceptee pléorat e
conponents in _the.s | ayer on the_.receptor. For exanple, three different
donbr s t haeBRln RIS oyer datigss 6 pe fAsmed B RonsieRipes b EBedApEtPe of

em t1ing eMlirhbQERRE o£RAYAS FOhCIifRXAIRbfor sheds. NRItHARS Staciy hnRiidé®e Can be
used to form RG sub-pi xel OEL devices for a full color polarized |ight

emtting dtassferiodias adingjsl teapsfenynis frorhesinglealoppbeclemento iguexammpe,grhole

sem cqnductive | ymer e patterned via thermal. transfer fromone
donor,cig f @Wgﬁggr%am gié’e{) rbr?a(iogtfarnghe egll}[eo a ]ﬁligges 0\%18r'|13‘§/e Ors’ﬂ"?rrom one
or nore othempit)Bemicohuctios polgnpl bidin Eniseive Chler daMbec@Stribi@redl Bgghay. As

still another exanple, |layers tor 25 organic transistors can be patterned
by sel ect isigle fenoraMulfiplg speer shects catalpe bapssd ta oy EPagiyeMMRONGRER | al s

(oriented the seﬂl?é 1).':13761]c &J ‘Jhg\ﬁ?cggt%%’ P(ﬁj e@cﬁfn{;ﬂ’f tﬁr@ﬁ&fﬂ%&’erﬂ Fl@ﬁb?% ﬁ{at Q%tlﬁ(lgiang. of
one or nore pixel“or sub-piXxel elenents’such as color filters, emssive
| ayers, chemgier ldyeacspmising alEP sapablect emithing agiéfesnt esldr ¢(ftheedaidpde, rddt eri al s

from Szgparg%e%, grcl) lc))lrue)scpa%%tesusgc? trc]> t%%ntl{(?]g' %ﬂﬁ-%fx%?o%ﬂ c%(\:f{acgg fotr% hrclzgfor
polarized light emitting electronic display. As another example, a conductive or
semiconductive polymer can be patterned via thermal transfer from one donor,
followed by selective thermal transfer of emissive layers from one or more other donors
to form a plurality of OEL devices in a display. As still another example, layers for
25  organic transistors can be patterned by selective thermal transfer of electrically active
organic materials (oriented or not), followed by selective thermal transfer patterning of
one or more pixel or sub-pixel elements such as color filters, emissive layers, charge
transport layers, electrode layers, and the like.
Materials from separate donor sheets can be transferred adjacent to other
30  materials on a receptor to form adjacent devices, portions of adjacent devices, or
different portions of the same device. Alternatively, materials from separate donor

sheets can be transferred directly on top of, or in partial overlying registration with,
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30 materials on a receptor to form adjacent devices, portions of adjacent
devices, or different portions of the sane device. Alternatively,

mat er i al swhrogimmepar at e donor sheets can be transferred @CTamsp/y34en top
of, or in partial overlying registration with, 27 WD 03/017731

PCT/ USO02/ 13463 other |ayers or materials previously patterned onto the
receptor by thermal transfer or _sone other pethod . Q. , photol.ithography,
deposi ti Oﬁ@q?@@%ogngtﬁgaléwr%g%}y Ratterned ogto %F?@Pﬁp(rﬁiy q%?rﬂjértr%?fﬁﬂoﬁat i ons
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Referring back to Figure 2, various |ayers of the donor sheet 200 will now
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However, oblighier cohvemtiohilly edetifor aeweBtdeoglopedl properties, including high
transm ssion of_|jght at a particular wavel ength, or sufficient mechanical
15 and t her mal Refgisingibagk fn Bigare 3, gariousdavsssiphige denenshesi 200 villmgy be

appli cgati Qe @R be used. The donor substrate, in at |east sone instances,
is flat so tchat uni form coatings can be forned thereon. The donor
substrate i s alBw doppr sdisirgte2dDeet bela polymentifrar iCresuttitde typeeffpolynstabl e

despite heati.ng of one_or re | ayer f the dopor er, as, described
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layer can faghMsee CPEN) s tRWHE:, StesHiind ®ith @ﬁ)mtck&@gpt&eanﬁfoﬁéﬁes,i n the LTHC

| ayer during imaging. The typical thickness of onor substrate ranges
f r om 0. 023n¢ladiog hish trapsmypssectneridight/atG. Btiqudaroy av etamgtha bt $rdtiglanttthéabikeicalbor

t hi nner. dongr, r.at.es may_ .be . used. The materjals . used to form.the donor
subst r 8t o LRl REr OB 2E dabS e iBe PRy B ap sB6CuI B bN, F npr ove
adhesi on bitewloasr substrstoiarat fdabsdofrrtigstafeds, ik flat dontlardndipah cobtthgs 0 hO! heat
transport between the substrate and the underlayer, to control inaging
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described below, the inclusion of an underlayer between the substrate and an LTHC
20  layer can be used to insulate the substrate from heat generated in the LTHC layer
during imaging. The typical thickness of the donor substrate ranges from 0.025 to 0.15
mm, preferably 0.05 to 0.1 mm, although thicker or thinner donor substrates may be
used.
The materials used to form the donor substrate and an optional adjacent
25 underlayer can be selected to improve adhesion between the donor substrate and the
underlayer, to control heat transport between the substrate and the underlayer, to
control imaging radiation transport to the LTHC layer, to reduce imaging defects and
the like. An optional priming layer can be used to increase uniformity during the
coating of subsequent layers onto the substrate and also increase the bonding strength
30  between the donor substrate and adjacent layers.
An optional underlayer 212 may be coated or otherwise disposed between a

donor substrate and the LTHC layer, for example to control heat flow between the
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coating of subsequent |ayers onto the substrate and al so i ncrease the

bondi ng strength 30 between the donor substrate and adjacent |ayers. An
opti onal wodenlager 212 may be coated or ot herw se di spos@dThsSMERMS a
donor substrate and the LTHC | ayer, for exanple to control heat flow
between the 28 WD 03/017731 PCT/ US02/ 13463 substrate and the LTHC | ayer
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an air gap between layers during imaging that can provide a thermal insulating

20  function. Separation during imaging may also provide a channel for the release of
gases that may be generated by heating of the LTHC layer during imaging. Providing
such a channel may lead to fewer imaging defects.

The underlayer may be substantially transparent at the imaging wavelength, or
may also be at least partially absorptive or reflective of imaging radiation. Attenuation

25  or reflection of imaging radiation by the underlayer may be used to control heat
generation during imaging.

Referring again to Figure 2, an LTHC layer 214 can be included in donor sheets
of the present invention to couple irradiation energy into the donor sheet. The LTHC
layer preferably includes a radiation absorber that absorbs incident radiation (e.g., laser

30  light) and converts at least a portion of the incident radiation into heat to enable transfer

of the transfer layer from the donor sheet to the receptor.
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of the present invention to couple irradiation energy into the donor sheet.
The LTHC | ayer preferably includes a radiation absorber that absorbs

i nci dent wadBati’en (e.g., laser 30 light) and converts at PICEFASD2/@4pdrti on
of the incident radiation into heat to enable transfer of the transfer

| ayer fromthe donor sheet to the recept or. 29 WO 03/017731 PCT/ US02/ 13463
Cenerally, the radiation absorber(s) in the LTHC | ayer sorb _light in the
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films, and ot her suitabl e absorbi ng materi al s. l.es of suitable

radi at i onc@bRorIsete comEql terareraturegpfilss e gonore e&rentso 0 HFHISF Al
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sui tabl e ixifé:l(deﬂatpasfermtteudemdmd trmsfarwa‘aemsr)et al oxide fornmed as a thin

havi nd® & bl ack ViSlsPEEpeR et PR Rl RoMERet | e mmy
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sui tabl e dygs)mmmtsmﬁﬂlsmeﬁabmmpmés metpHgmsagad hersitakip sesopeingor med” by
combi ni ng tal\f_\%ra? éxanp plé‘s lf‘%}ﬁ%éee {a%haqf%ﬂ BE&B&Q fn%l&ﬂeggérb&ﬁ blagk Snéé i | ar

mat eri al s. epositing a
oxides, and metal sulﬁdes One example of a suitable LTHC layer can 1nclude a

20  pigment, such as carbon black, and a binder, such as an organic polymer. Another
suitable LTHC layer includes metal or metal/metal oxide formed as a thin film, for
example, black aluminum (i.e., a partially oxidized aluminum having a black visual
appearance). Metallic and metal compound films may be formed by techniques, such
as, for example, sputtering and evaporative deposition. Particulate coatings may be

25  formed using a binder and any suitable dry or wet coating techniques. LTHC layers
can also be formed by combining two or more LTHC layers containing similar or
dissimilar materials. For example, an LTHC layer can be formed by vapor depositing a
thin layer of black aluminum over a coating that contains carbon black disposed in a
binder.

30 Dyes suitable for use as radiation absorbers in a LTHC layer may be present in
particulate form, dissolved in a binder material, or at least partially dispersed in a

binder material. When dispersed particulate radiation absorbers are used, the particle
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thin layer of black alum numover a coating that contains carbon bl ack

di sposed in a binder. 30 Dyes suitable for use as radi ati on absorbers in a
LTHC | ayewormagpityel present in particulate form dissol vedPCa/Esobidder
material, or at least partially dispersed in a binder material. Wen

di spersed particul ate radi ati on absorbers are used, the particle 30 WO

03/ 017731 PCT/ US02/ 13463 size can be, at Ieasi in sone | nstances, about 10
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Pat. No. #xisp andsulfides efgnetpls such alenigums Sisguth, ty, gidiyy, zine, pniumo 56 506,
Sui t abl e S ] @Q@ Of 6 s n DL st n. d1hiPund. R0 20
tel luri umrggin @P{h%@ Uita I@HS%%rgbgal%gjrld{g}snéH%elfhe LTHCIf ayer i ﬁﬂé ude
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novol ak and resaql e resins), polyvinyl butyral, resjins | yyi nyl acet at es,
pol yvilly| capepiyides, B@I“ﬁ?/'? tﬁrﬂgﬁéld@%a}}af’ﬁ ,sstﬁleﬁtgrghyﬁlggggt\ﬂe%qqzm osi ¢

et hers andu@a} ed.8., Whid)ees! didd sgsd. and pol ycarbonates. Suitable binders
may 25 include nononmers, oligonmers, or polyners that have been, or can be,

pol ymeri zed or Mefebradiatink ebsorietelinely be sseti eitherdn pheoforn oif ppidiclse.smay al so be

I ncl uded t(f%sgn%%id lfci>rt i%gtgnce in U.S. Pat. No. 4,252,671, or as films, as disclosed in U.S. Pat.

No. 5,256,506. Suitable metals include, for example, aluminum, bismuth, tin, indium,

20 tellurium and zinc.

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

25 include monomers, oligomers, or polymers that have been, or can be, polymerized or
crosslinked. Additives such as photoinitiators may also be included to facilitate
crosslinking of the LTHC binder. In some embodiments, the binder is primarily
formed using a coating of crosslinkable monomers or oligomers with optional polymer.

The inclusion of a thermoplastic resin (e.g., polymer) may improve, in at least

30  some instances, the performance (e.g., transfer properties or coatability) of the LTHC
layer. It is thought that a thermoplastic resin may improve the adhesion of the LTHC

layer to the donor substrate. In one embodiment, the binder includes 25 to 50 wt.%
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crosslinking of the LTHC binder. In sonme enbodi nents, the binder is
primarily fornmed using a coating of crosslinkable nononers or oligoners
wi t h optiwpaB/opoBymer. The inclusion of a thernoplastic r@sSTrUSO®13363
polyner) may inprove, in at |east 30 sonme instances, the performance
(e.g., transfer properties or coatability) of the LTHC layer. It is
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20  interlayer may also influence the adhesion of the transfer layer to the rest of the donor
sheet. Typically, the interlayer has high thermal resistance. Preferably, the interlayer
does not distort or chemically decompose under the imaging conditions, particularly to
an extent that renders the transferred image non-functional. The interlayer typically
remains in contact with the LTHC layer during the transfer process and is not

25  substantially transferred with the transfer layer.

Suitable interlayers include, for example, polymer films, metal layers (e.g.,
vapor deposited metal layers), inorganic layers (e.g., sol-gel deposited layers and vapor
deposited layers of inorganic oxides (e.g., silica, titania, and other metal oxides)), and
organic/inorganic composite layers. Organic materials suitable as interlayer materials

30  include both thermoset and thermoplastic materials. Suitable thermoset materials
include resins that may be crosslinked by heat, radiation, or chemical treatment

including, but not limited to, crosslinked or crosslinkable polyacrylates,
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Suitable interlayers include, for exanple, polyner filnms, netal |ayers
(e.g., vapor deposited netal |ayers), inorganic |ayers (e.g., sol-gel
deposi t edwbapetw3and vapor deposited |ayers of inorgani cPeTiuses13463 g. ,
silica, titania, and other netal oxides)), and organic/inorganic conposite
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Inorganic materials suitable as ti’gnt erlayer material s_i nctug% .for. exanpl e,
metals, GHherERRIMISKVBAbsOTRIEaTellenlive, QEsome FombRBHLhETEoL At ISIMEEREI ngs,

i ncl udi ng WRlefbdl s that are highly transm ssive or reflective at

t he i magi %atghﬁqlﬁght vvai?er\151 ength. These materials may be applied to the

| i ght -t 0- heat - tmganis naterialsyseitable as pvenlayat ineteaikls inceden foparemple, gretalyacuum

Sputtering, vacuum evapo ion,..or pl.as et depaosition). The |nterlayer
may provi g’&t% Oﬁﬁf#fréf?etg]fsui)taﬁ?éﬂlpér}orﬁ Cicn%glp!c ?}&ggﬁﬁf}uglggéh%s aat?rrlelﬂgr

agai nst t it hicaisii§ iraRimBaY €6t Rileétiverat theinldotitt lidho waeatngnTaesi on | ayer.
It may also nodulate the tenperature attained in the transfer |ayer so

that ther makdriplumey hopeoliedde theilightta-heptisenyersins faver wa copyntienglnp| e, t he

interlaye an act a . qi r : ' :ghure at the
interfac e{egiép%eesn(tetg%va?%‘%g?ﬁ%p ga%%ﬂﬁﬁeev%ﬁ(gﬁg@gﬁ& P%f/ltélrg?ettr(%‘ at |§/Hg to the
t enper at ur e at tfae i@erlayer ilag pkovhide 4 ay@ber dfftieaefitay Therptalayet ney faal i ty

20  barrier against the transfer of material from the light-to-heat conversion layer. It may

also modulate the temperature attained in the transfer layer so that thermally unstable
materials can be transferred. For example, the interlayer can act as a thermal diffuser to
control the temperature at the interface between the interlayer and the transfer layer
relative to the temperature attained in the LTHC layer. This may improve the quality
25  (i.e., surface roughness, edge roughness, etc.) of the transferred layer. The presence of
an interlayer may also result in improved plastic memory in the transferred material.
The interlayer may contain additives, including, for example, photoinitiators,
surfactants, pigments, plasticizers, and coating aids. The thickness of the interlayer may
depend on factors such as, for example, the material of the interlayer, the material and
30  properties of the LTHC layer, the material and properties of the transfer layer, the
wavelength of the imaging radiation, and the duration of exposure of the donor sheet to

imaging radiation. For polymer interlayers, the thickness of the interlayer typically is
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25 (i.e., surface roughness, edge roughness, etc.) of the transferred

| ayer. The presence of an interlayer may also result in inproved plastic
menory i rwbDhg/otr7ansferred material. The interlayer may ceardisazadddti ves,

i ncluding, for exanple, photoinitiators, surfactants, pignents,

pl asticizers, and coating aids. The thickness of the interlayer nay depend
on factors such as, for exanple, the material of the interlayer, the
material #hihe 3EReRLOHEY kmde 181mm. nior inpyganisalerlayers(entt @FtREIT 1B8tal properti es
of the tran . Imglng: L adi.al i t he
duration g?&ég%@slgyegfag?ﬁgE}éy\%gc%ggg%%@eeﬁ L@Q%ﬂr%g@lg %\199 1rs£|ﬁl§? ?%%%rbf or pol ymer

i nterl ayeqs tot feuhhi ckness of the interlayer typically is 33 WO 03/017731
PCT/ US02/ 13463 in the range of 0.05 mto 10 m For inorganic interlayers
(e.g., netal oRefasring agdnipbigne 7.mthemmy) &pnyfer layer 218iiziogReled gy dange

interl ayer | £S1] Ref ' again
to Fig resa'%&gb@ﬂﬁ%% e?}a{ryg%%?gg?aﬁlﬁg@gg@%uﬁs |er?g%t%§éép@eg§§b§{8é6%ﬁeet 200.
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char gd%t ré‘ﬁ%tporti ng, charge bl ocking, or sem conducting material disposed

in a non-pol ymgginteseh 9t tfonBBhRidpflted d@insk@AFer diht A¥RIdROQUSHITRL i X as
part of the transfer layer. The present invention contenplates a transfer

| ayer t hateniitiogudesgedrangportigorhargethdocking ot sepiconduetjngrplatezial dispesedithe | i ght
emtting material. One way of. pr.ovi.din the transfer. | s, by solution
coating t RNk e OTF Y %Eeg?]l%}é?tqlgﬁlgs HoH-Poryh mlg%lx a%% of Fhe

non- pol yner anic materi al

onto the ¢anskr laQerl OTHB fRBscARIvPRtMS offtintplate£ O trhaddifey 1ger e idclglel a IR t ti ng
material. In this nethod, the light emtting material and the . .

non- pdbymer pher lightgaiftngmelepylay asdhe sl caiting matsdel (Ineaay afipsevidinga

sui tabl e ihl -gﬂg : al | r Y by
spi n- coat ﬁlﬁ%%gs?% rezﬁ)éc%g%bltl%té, nﬁ%@% &%g@ﬁg%rgﬁﬁ%m%ﬁ%# e%ﬁ"ilﬁg Ig{id t he
| i ke. The osginiembtecihbaeo thpr ddfner thioym do esmongtious mthisk caishipinghehgdt with

Sheei | Themitgaarae )t IHORPBB R GER G GE THE LI SV BPRtea to
leave a t1,a08fiEhaleR%PEan be solubilized by addition of a suitable compatible solvent, and

20  coated onto the alignment layer by spin-coating, gravure coating, mayer rod coating,
knife coating and the like. The solvent chosen preferably does not undesirably interact
with (e.g., swell or dissolve) any of the already existing layers in the donor sheet. The
coating can then be annealed and the solvent evaporated to leave a transfer layer
containing an amorphous matrix.

25 The transfer layer can then be selectively thermally transferred from the donor
element to a proximately located receptor substrate. There can be, if desired, more than
one transfer layer so that a multilayer construction is transferred using a single donor
sheet. The additional transfer layers can include an amorphous, non-polymeric, organic
matrix or some other materials. The receptor substrate may be any item suitable for a

30  particular application including, but not limited to, glass, transparent films, reflective
films, metals, semiconductors, and plastics. For example, receptor substrates may be

any type of substrate or display element suitable for display applications. Receptor
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cont ai ni ng an anorphous matri x. 25 The transfer |ayer can then be
selectively thermally transferred fromthe donor elenent to a proxinmately
| ocat ed rwoepbor73substrate. There can be, if desired, nor@Crhsaz/13ne
transfer layer so that a nmultilayer construction is transferred using a

si ngl e donor sheet The addi ti onal transfer | ayers can include an

am)rphous : . Or. sone materials. The
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be any t ylghtoExauplss phsuatable rifjié picaptors inplnde gleed amalbfigd plasticihepiray
appllcatlons Rece r 03/.017731 PCT/ USQ bst es suitable
For se | nCRalegsF RoReBt i SRR A ol el L oL S B ol ays
include ri ﬁhd)nC(LTPB)?éﬁi &ther teabitdratiasuidd ShclaiRg s @Rtbhstltdry, transmi ssive to
vi si bl e Ilght npl es of suitable rigid receptors include glass and

rigid plastic t%ﬁabkrf@mhi@é‘@@ﬁa@ﬁ ingdidespbentiolly i¢l9an end iransorissove idymoer ar e
circuitize nﬁh%e?le dtl?s)r’]¥ ﬁ]ﬁigpﬁﬁﬂﬁfégt?véoﬂln% goliﬁ%ié%?@n%l‘-rpﬁa o 1cgle1 tr 4 cf' stor

structures, organi ¢ transi st

i ncl ude suhshhatFlakilbye qibstpateaeHh dlsotsiBatdior papehydetth eidctrtme ma’ehhlefbfrl ve
films, transfjective films, polarizi ngpfl |l ms, multilayer optical films, and
the |ike. FATELIOR: doppBpPlGrasisonrEys Hried éea%té}aorbﬁhe thle ﬁ@atrw h

el ect r@Seotge{sﬁg gkétleg}eéhgﬁgms%erﬁmﬂ%gt A ﬁattE 31'a§;% td or med

di rect I exi trate or erre €
substrate &ﬁtab}e podimey shibstrabes mciude papgsterdiaye @az. ,rpcﬂyethylb:set ﬂesdphthalaféui tabl e

I b eth | en
Itogr)egﬁ{ h:tl hﬁes I nﬁ%fgﬁ% ‘H’&Feargéﬁs &’Bb%}ecfﬁf 6%5&9,9 Wé%ﬁﬁ%smspol yol efin
resins, pak vnp@wwﬂﬁem'aﬁde (I%Ivaleﬁhé’El'ﬂBMJie Ry GcetRQ] Y, whmeene
Sl

chlorlde éVIny acetal’s, etc.), | 0Se ~ ester bases (e.g., cellulose
triacetat eesteaf asesxI(Qagecelbléqsatteycet%mdsebmlh@racctam)eandl aheri congengiohsgimeric fil s
used su kin Ls subst ten
desirabl e ;fogﬁn%ri % eS BHa ?U% rgl:=E ?[Eiiﬁgondﬁaséfﬁée%ﬂahe&lﬁls Paces of

t he pl astidesirstl®ttinalude hbaﬂfe@ﬁiﬁﬁbrbhﬂu@ﬂﬂ@ﬂefbr%bﬂlfﬁllrﬁﬂéstdﬂtl‘i@pldﬁw ces and
their electrodes from exposure to undesired |evels of water, oxygen, and

the |ike. TRBEER Grrreigpisthe GragaIcdight peitipg dodeescamddbpineleriradey fioMe or nore of
| Ly ot RN by SRl S ptkahar 11 b Shecers, color
and ot her el engecsptos afbsirates carelb@pﬂemattemedi wathl aay ©ne or nordef eledrodess .
20  transistors, capacitors, insulator ribs, spacers, color filters, black matrix, hole transport
layers, electron transport layers, and other elements useful for electronic displays or
other devices.
The present invention contemplates polarized light emitting OEL displays and
devices. In one embodiment, OEL displays can be made that emit light and that have
25  adjacent devices that can emit light having different color. For example, Figure 3
shows an OEL display 300 that includes a plurality of OEL devices 310 disposed on a
substrate 320. Adjacent devices 310 can be made to emit different colors of light.
The separation shown between devices 310 is for illustrative purposes only.
Adjacent devices may be separated, in contact, overlapping, etc., or different
30  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
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The present invention contenplates polarized Iight emtting CEL displays
and devices. In one enbodi nent, CEL displays can be made that emt |ight
and t hat wewa/01251 adj acent devices that can emt |ight havcagsdy/ifses ent
color. For exanple, Figure 3 shows an CEL display 300 that includes a
plurality of CEL devices 310 disposed on a substrate 320. Adjacent devices
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anodes or el ectln omé embiediinerts display 209 cat her neiliilabdler dopkyr dstsiidn if s al so

contenpl ated .by. th resent inyention..In e . enbodi t . splay 300 can
be a nul tpﬁyé’%lﬂs%aﬁ’lgfos‘msﬁ’sw 9 OE%}@H?M%ZFY 3%“6%“’0@3 %Egtb‘?n@%f%p%gzqefi on
optional RpRkari&RY, B3kAGINVREMNEAG th 9BkrRbi the ABpHSY € 8fempRg a Vi ever,
for exanple to enhance the contrast of the display. In exenplary

enbodi menembodimdntsytachted thieddvices 338 emitsilight. | There areTrrsyalisplayspady di spl ays
and 15_devi ces constr.uctiqn ver t ner ST

il us?? at gﬁvﬁcﬁs (ﬁnatﬁlilcélogé. ¢ gﬁ%&%oﬁe%%%%él T ggs Elgﬁtlﬁ\ésﬁ%%g?{éwﬁégg g ed°as
fol l ows. QEthdiaekistobtichs aandibdiesddds fendwsi ve | ayers. Constructions can

i nclude bare or__circuitized substrates, anodes, cathodes, hole transport

| ayers, el ect r Sk bagklighys can pgluds enmsgiedaysss- e onsymcionreiag ndudsRarg pr

i njection - 1.SSd Y i I her
P e g = A S Al e T S SR ok

i ncl ude poleanjezoslayets,fdersonsyjetiighiryes, aessive kbpsmesqoldri dpanginghtyes, fil ns,

ri ghtn nhan n : . : . . .
bri g t20 ©s Sén o&%r a%‘lgr% a}ld materials suitable in OEL devices. Constructions can also include

polarizers, diffusers, light guides, lenses, light control films, brightness enhancement
films, and the like. Applications include white or single color large area single pixel
lamps, for example where an emissive material is provided by thermal stamp transfer,
lamination transfer, resistive head thermal printing, or the like; white or single color
25  large area single electrode pair lamps that have a large number of closely spaced
emissive layers patterned by laser induced thermal transfer; and tunable color multiple
electrode large area lamps.
Low resolution OEL displays can include emissive layers. Constructions can
include bare or circuitized substrates, anodes, cathodes, hole transport layers, electron
30 transport layers, hole injection layers, electron injection layers, emissive layers, coior
changing layers, and other layers and materials suitable in OEL devices. Constructions

can also include polarizers, diffusers, light guides, lenses, light control films,
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films, and the |ike. Applications include white or single color |arge area
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t hermal swermp/otT7ansfer, |ami nation transfer, resistive heed/ushziised
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sui tabl e bﬂﬁﬂﬁhsts%ﬁardk%ﬁlenﬁﬁmt, AT OiRE. AGPlcalong e wesvPe! pkdizer s,
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mal 1 001 ofioBSr B Segniied SCGRREF LR A e B Rl ARREY i dren o,
| anps ( e. gesolutidf@ievicosiplas thethaln®t stampfoflic@is onrtes sini substrale)y iiksecptitis
thermal hot stanp of icons on the same substrate); and security display
appl i cat i disglayErpNetioss. 20 Exanpl e 1: Preparation of a Receptors Three
different types of receptors were forned: (A) indiumtin oxide (I TO

EXAMPLES

20 Example 1: Preparation of a Receptors

Three different types of receptors were formed: (A) indium tin oxide (ITO)
only; (B) PDOT (poly(3,4-ethylenedioxythiophene)) on ITO; and (C) mTDATA
(4,4 4 -tris(N-(3-methylphenyl)-N-phenylamino)triphenylamine) on PDOT/ITO. To
obtain receptor surface (A), ITO glass (Delta Technologies, Stillwater, MN, sheet

25  resistance less than 100 Q/square, 1.1 mm thick) was ultrasonically cleaned in a hot,
3% solution of Deconex 12NS (Borer Chemie AG, Zuchwil Switzerland). The
substrates were then placed in the Plasma Science Model PS0500 plasma treater (4th

State Inc., Belmont, CA) for surface treatment under the following conditions:

30 -~ Time: 2 minutes
Power: 500watt (165 W/cm?)
Oxygen Flow: 100sccm
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only; (B) PDOT (poly(3,4-ethylenedi oxythiophene)) on ITG and (C mIDATA
(4,4 ,4"-tris(N-(3-net hyl phenyl)-N phenyl am no)tri phenyl am ne) on PDOT/I TQO
To obt aiworsoepsor surface (A), |1 TO glass (Delta Technol egirase2/8463 | wat er,
M\, sheet 25 resistance |ess than 100 S2/square, 1.1 nmthick) was
ultrasonically cleaned in a hot, 3% solution of Deconex 12NS (Borer Chem e

AG Zuchwi |l Swi tzerland). The. sulkstrates were then aced in.the Plasm
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spincoater) at_ 2000 rpmfor 30 s yielding a PDOT filmjthickness of 40 nm
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To obtain r. S e (O, a PDOT filmwas deposited onto | TO as 10
descri bedmingl(r'E t g%ﬁ%{?&%ti on of receptor surface (B). After the substrates
had cool ed, a Teobtain oembr suffasd C), OBRGD 88n wis depoBaddstoddOpas, Jupi ter,

FL) 2.5 % (W.w_ in_ toluene filtere i nsed t hrough a at man
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3000 rpm %cgﬁrlﬁ%noa_%ﬁ;i el di El(gsgr?gﬁ%i'ls'\gus% fil m?%l??%ﬁner%s of 40ﬁ]2m E2<arrpl e

2: Prepar tiliene vk fateRaimmd dtpeesedthtongie Whainehdluradaseer 4% her nal tr ansf er
donor sheet. was prepared in e follow mann LTHC, sol.ution, given
in Tabl e Polyppeylcas (e ByRpge gﬁﬁr Qﬂlt?rihetvﬁj—r?(gﬁ C?ﬁ"’ﬁ(ﬁ?éﬁsﬁa S O é‘i‘bafﬁjrf‘%al ate
(PET) fil { v it spthcbstegka. 3080 paR for SWalieEng Mo TPATAr Med
using a Y?gi%ﬁ%e%%@vfg%liggo%fdeﬁp Is/bdell63 CAG 1%3& arsi nggliae m'gcr ogravure roll

with 150 fibhitloeknesebf40par |ineal inch. The LTHC coating was in-line dried
at 80C

Example 2: Preparation of a Donor Sheet without Transfer Layer

A thermal transfer donor sheet was prepared in the following manner.
An LTHC solution, given in Table I, was coated onto a 0.1 mm thick
20  polyethylene terapthalate (PET) film substrate from Teijin (Osaka, Japan). Coating
was performed using a Yasui Seiki Lab Coater, Model CAG-150, using a microgravure
roll with 150 helical cells per lineal inch. The LTHC coating was in-line dried at 80°C

and cured under ultraviolet (UV) radiation.

25 TABLE I: LTHC Coating Solution
Component Trade Designation 1:;2;::{
carbon black pigment Raven 760 Ultra ¥ 3.55
polyvinyl butyral resin Butvar B-98 @ 0.63
acrylic resin Joneryl 67 @ 1.90
dispersant Disperbyk 161 @ 0.32
surfactant FC-430 ® 0.01
epoxy novolac acrylate Ebecryl 629 @ . 12.09
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and cured under ultraviolet (UV) radiation. 25 TABLE |I: LTHC Coati ng

Sol ution Conponent Trade Designation Parts by Wight carbon black pignment
Raven 760wOl#&7731 55 pol yvinyl butyral resin Butvar B-98PCI)Us02/68363 acrylic
resin Joncryl 67 (3) 1.90 dispersant Disperbyk 161 (4) 0.32 surfactant
FC-430 (5) 0.01 epoxy novolac acrylate Ebecryl 629 (6) 12. 09 38 WO

03/ 017731 PCHUSO2/13463—acryHe—+esin—FEvaci-te-266 06

2-benzyl - 2-( |apmrhq1y5|nam no) - 1- (4- Irgacur @V@692((6857) 0. 82 r?[?ﬁphal i nyl phenyl)
but anone 1 - hydieaxyzydihalyexipo)-plrenyl kEtfrna 5 agure {184 .,8)]0.12

2- but anone 45.(@drphdlin?) Phenpdnigcind®l nonone her acet ate 27.19 (1)

avail abl e f”)mt@@o%pdl(ﬁl@x@%ﬁmﬁ&dns Co., ﬂgalc@m@,(mGA (2) oayal able from

Solutia Inc. —totis,— MO 3)y—avartabte fromS—€C—dohnsom & Son, Inc.,
Racine, W & tl’c‘F‘“‘?%’\‘?alIable from Byk- Chleni e USA, Wl Ili ng %}rd CT (5)

avail able fr )mMr@a@@mﬁoMn%ﬂgmam&tMnuf acturing Co.|, 81.19 Paul , MN (6)
avai l abl e fromUdEBRadcuretnc, N—Augusta,—SC(7) avaitabte fromICl
Acrylics I'nc., aVGIRI S chilubid BlenBUo, ﬁﬁanﬁ dyom G ba-Gei gy Corp., Tarrytown,
NY 10 Next, am ) ;L&g" gggﬁt,amglg%\nsjﬂo able I'l, was coated onto the cured

LTHC | ayer by <%v£19ﬁgg&@vyﬁﬁnsglqg§0hmg eLheg using the Yasui Seiki Lab
Coat er 5 Model GAGIdRGomWyiLthem@USA, OLBGEAVErF € rol | having 180 helical cells
per lineal inchayvalililsom0BintsB@MMASant Maruiadi@ing OB, isepbuigtn60C and UV cured. 15
TABLE I1: | nt erdayedle fonaicB R@cdahd) NI Qigusta, SC

@ available from ICI Acrylics Inc., Memphis, TN
® available from Ciba-Geigy Corp., Tarrytown, NY

10
Next, an interlayer, given in Table I, was coated onto the cured LTHC layer by
arotogravure coating method using tl}e Yasui Seiki Lab Coater, Model CAG-150, with
a microgravure roll having 180 helical cells per lineal inch. This coating was in-line
dried at 60°C and UV cured.
15
TABLE II: Interlayer Coating Solution
Component I;;,‘:};:{
SR 351 HP (trimethylolpropane triacrylate 14.85
ester, available from Sartomer, Exton, PA)
Butvar B-98 0.93
Joncryl 67 2.78
Irgacure 369 1.25
Irgacure 184 0.19
2-butanone 48.00
1-methoxy-2-propanol 32.00
Example 3: Preparation of Solutions for Transfer Layer
The following solutions were prepared: .
20 (2) Covion green. Covion Green PPV Polymer HB 1270 (100 mg) from

Covion Organic Semiconductors GmbH, Frankfurt, Germany was weighed out into an

amber vial with a PTFE cap. To this was added 9.9g of Toluene (HPLC grade obtained
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Conmponent Parts by Wight SR 351 HP (trinethyl ol propane triacrylate 14.85
ester, available from Sartoner, Exton, PA) Butvar B-98 0.93 Joncryl 67
2.78 lrgaouws®1B380 1.25 Irgacure 184 0.19 2-butanone 48PQ0/US02/13463

1- met hoxy- 2- propanol 32.00 Exanple 3: Preparation of Solutions for
Transfer Lanmer The follow ng solutions were pr epar ed: 20 (a) Covion green.

Co G PPV .P 27 O i

s_ervn' C onducdp Aldists Rl RahFAkeb D) PP o Binudriine i SRS Gor plaseder vi al
W th a PTRECARlcIHR dilthath Wers asi@t%o%u%ategf Tﬁé’hb'teé&%t{oﬁ%fﬁfe?&ﬁhﬁﬁ fia ned 39
WD 03/017731 PCT/ US02/ 13463 from Al drich Chem cal M | waukee, W

vi al cont a.46 pon Rdigpropylehe (P )wesngd fteed into a si i cone 0|I bath at 75 C

for 60 m nutes. The hot, solution was filtered through a 45 m
Pol ypropyl ene (bP) s:pyignsuper yellow. (pvigghB g n1352up°é1961y‘é131ﬂ (7%@8’&5 PDY 132

" Super s Ye'\lfé}gaél(céﬁgﬁg aﬂ’aaﬁlb%r‘()ﬁ ghed éa U aoARi 55\9% dd¥d 9b%§\%5p£?3g@:|5 cap.

To this was 25g of To uene grade al ned rich
Chenmi cal s)(HRM« grad¢ bbtabned ﬁo‘ﬁhAIch’[dhLﬁhenncaAs)sandtm stir bak-. ThﬁespmtlghMas'EhHed

solution was filtere hro h 5 | i e X e filter o
MTDATA. | V6" ﬁ{hﬁ \Rﬁﬁe&?éﬁg %‘Eg% Eﬂﬁﬁ&i’ il %ﬂ @9% aval(l ;bl e
from H. W Sands(cfor meMTAerlntd: i—éonté'fﬁert\@dssvv%e@&ﬂQQOﬁ%QﬂT@ATLOdO‘ﬁOe 10
(HPLC grade obtai ned Trom ATdrich Chemi cal | wauk The sol ution

was heat edB98P availdlaiipdd SV i $andn goim Teptiter.ddne Toi ﬂhISbmSmdﬂGCi 3 25 ofrilnlweas. The

hot so| uti ter r Waat m

pol ypr Bpyl G B phaich Tt R e B S MY e gt
out 100”9 Heatettay I75 PBR/HiR stirring in silicone oil bath for 25 minutes, The hot solution was

(bi phenyl -4-yl)-5-(4-(1, 1-di net hyl et hyl ) phenyl ) -1, 3, 4- oxadi azol e, avail abl e

from15 A tﬂtarcxhthfm@lm a:WhatﬁrDan Pwvhdivaltk@d5 ?olyim)ptymns (MR)<fildded 3.9g of
-Sr? : lrJ(ragg ]g grPL §5 nut -feg éfzg{ fnl:tooartn ccélltglgnlarcwhas%eeigiﬂeglouz 100-|r-rr1]§:{a t- tlylulg]g]gr%zyva S
(biphenyl-4-yl1)-5-(4-(1,1-dimethylethyl)phenyl)-1,3,4-oxadiazole, available from
15 Aldrich Chemical Co., Milwaukee, WI). To this was added 3.9g of Toluene (HPLC
grade obtained from Aldrich Chemicals). The solution was stirred for 25 minutes and

filtered through a Whatman Puradisc ™ 0.45um Polypropylene (PP) filter.

Examples 4-8: Preparation of Transfer Lavers on Donor Sheet and Transfer of Transfer

20 Layers.
Transfer Layers were formed on the donor sheets of Example 2 using blends of

the Solutions of Example 3 according to Table IIl. To obtain the blends, the above
described solutions were mixed at the éppropriate ratios and the resulting blend
solutions were stirred for 20 min at room temperature.

25 The transfer layers were disposed on the donor sheets by spinning (Headway
Research spincoater) at about 2000 rpm for 30 s to yield a film thickness of

approximately 100 nm.
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filtered through a What man Puradi sc TM 0. 45m Pol ypropyl ene (PP) filter.
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overlying ginole-mode Nd:YAG lasers. Scanning was performed using a system of linear

10

15

galvanometers, with the combined laser beams focused onto the image plane using an f-

theta scan lens as part of a near-telecentric configuration. The laser energy density was

0.4 t0 0.8 J/em®. The laser spot size, measured at the 1/¢? intensity, was 30

micrometers by 350 micrometers. The linear laser spot velocity was adjustable

between 10 and 30 meters per second, measured at the image plane. The laser spot was

dithered perpendicular to the major displacement direction with about a 100 pm

amplitude. The transfer layers were transferred as lines onto the receptor substrates,

and the intended width of the lines was about 100 pm.

The transfer layers were transferred in a series of lines that were in overlying

registry with the ITO stripes on the receptor substrates. The results of imaging are

given in Table IV.
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registry with the I'TO stripes on the receptor substrates. The results of
i maging are given in Table IV. 41 WO 03/017731 PCT/ US02/ 13463 Table IV
Resul ts owOomsangBer Exanple No. Substrate (A) Substrate (BCTSisb¥i¥ete (C)
| TO I TQ PDOT | TQ PDOT/ mMDATA 4 excel l ent transfer; spotty transfer, no
excel l ent transfer; good excellent edge continuous |lines edge quality
quality 5 excellent transfer; spotty b;%ﬁ b@ no excellent transfer; good
excel | ent edge continuous |ines edge q E\ quality 6 excellent transfer
spotty transfer, no excellent transﬁgmusgquangxﬁelIent edge conti nuous

lines edge quality quality 7 excellent transfer; od transfer; good
excel | ent| ExampledNo. | Subsirated) edge | SubsiraiedB) ty exc@“@mat%@e qual i ty
quality g excellent tFEOsfer at goodITOARBOIr with X3/ PEATMERAT

hi gh | asgr dosé; sontechallentdeineftt;s; | epatsl thanferatge quabkeliont trensf@t pest edge
excel I ent] edge qual it yxdpsht ddgeat hi gbntinaises linddose Exsalgplieally Preparatijon

of CEL Degvices 5 The Iayer corrp03|t|ons of Exanpl es 4-6 |were

gl{mfw transfer

used to prepar I o) Str
| TQ PDOT{p mTpDA_T Tr ank &ﬁ{%ﬁ% & Ay t%“%ffﬁg;%sf eﬁkt%mmrfearn 1% ilayer
as descrijbed in Exanp Ea/A cat es were Ja va%or dep05|ted
usi ng t he—+foeHowng :u..u. Hons: Th: tkness-Ral-e—Coat-Hng 2—EC4g .1
A 905 i 81 6 A BESSIRTGIG R | SUpIIRLn Mo | Shoslient wanster; good |
excellent edge continuous lines edge quality
quality
7 excellent transfer; good transfer; good excellent transfer;
excellent edge edge quality excellent edge quality
quality
8 excellent transfer at | good transfer with excellent transfer;
high laser dose; some hole defects; excellent edge quality
excellent edge excellent edge quality
quality at high laser
dose
Example 9. Preparation of OEL Devices
5 The three transfer layer compositions of Examples 4-6 were used to prepare

light-emitting diodes of the construction ITO/PDOT/mTDATA/Transfer Layer/Ca/Ag.
After transfer of the transfer layer as described in Examples 4-6, Ca/Ag cathodes were

vacuum vapor deposited using the following conditions:

Thickness | Rate Coating time
Ca |[400 A 1.1 A/s |5min 51s
Ag | 4000 A 5.0 A/s | 13 min 20s

10 In all cases diode behavior and green light emission were observed.

The present invention should not be considered limited to the particular
examples described above, but rather should be understood to cover all aspects of the
invention as fairly set out in the attached claims. Various modifications, equivalent

processes, as well as numerous structures to which the present invention may be
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lo In all cases diode behavior and green |ight em ssion were observed. The
present invention should not be considered |imted to the particular
exanpl es wessnitied above, but rather should be under st oodPrca/usoyexeal |
aspects of the invention as fairly set out in the attached clains. Various
nodi fications, equivalent processes, as well as nunerous structures to

app i cabl < Par P TEERRED el e A thE P PR o whi o

t he presenhvernition éndirated Spodi e eietvedd thp@Btahiespe€ificaiiornd. he i nst ant
specification. Each of the patents, patent docunents, and publications

cited above is Hrehobihe natenss. pateat desuments, el rubdisationsivited sbove is Bereliuced i n
full . 5 43, Qﬁ&ﬁ%1%%%5%?&&H§ﬁ%é}ﬁ%ﬁ%duﬁﬁﬁ'f% CLAIMED I S: 1. A method of
maki ng an organi c el ectrolum nescent” devi ce, ie nethod conprising: 5
solution coating a transfer |layer on a donor substrate, the transfer |ayer
conpri sing an anor phous, non-polyneric, organic matrix with a |ight
emtting material disposed in the matrix; and selectively thermally
transferring the transfer layer to a receptor. 10 2. The nethod of claim1,
further conprising formng a |light-to-heat conversion |ayer on the donor
substrate and wherein selectively thermally transferring the transfer

| ayer to the receptor conprises selectively irradiating the |ight-to-heat
conversion layer with imaging radiation and converting the inmaging
radiation to heat. 15 3. The nethod of claim 1, further conprising formng
at |least one additional transfer layer on the substrate and wherein
selectively thermally transferring the transfer layer to the receptor
conprises selectively thermally transferring the transfer layer and the at
| east one additional transfer |layer to the receptor. 20 4. The nethod of
claim1, wherein the light emtting material conprises a light emtting
polymer. 5. The nethod of claiml1l, wherein the matrix conprises at | east
one anorphous, non-polyneric, organic conpound sel ected from
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RRR SS RR\/ R RRR 25 wherein each Ris independently-a
substituent conprising at |east one functional group selected from

al kenyl , wbloanyi7zene, aryl, arylene, heteroaryl, and het er ampisenes463t4 WO
03/ 017731 PCT/ US02/ 13463 6. The nethod of claim1l, wherein the matrix
conprises at |east one anorphous, non-polyneric, organic dendriner. 5 7.
The net ho f ' , rein the dendriner is selected from Y C N\ / N
\'\ NN S’Vﬁp’\ﬂsma@%:/ RRIR \l 1/ YN\R RRRN%%- R
S/ \I'1/ NRRLRR/ Ngl i RR.- NR1\l RLI/j NI \ RLI/j NI\ R R
R2 R Rl RlL R

1. A method of making an organic electroluminescent device, the method
comprising:
5 solution coating a transfer layer on a donor substrate, the transfer layer

comprising an amorphous, non-polymeric, organic matrix with a light emitting material
disposed in the matrix; and

selectively thermally transferring the transfer layer to a receptor.

10 2. The method of claim 1, further comprising forming a light-to-heét
conversion layer on the donor substrate and wherein selectively thermally transferring
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.

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

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

20 4, The method of claim 1, wherein the light emitting material comprises a
light emitting polymer.
5. The method of claim 1, wherein the matrix comprises at least one

amorphous, non-polymeric, organic compound selected from
R

& ¢
RO ., @@O O
R )

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

selected from alkenyl, alkenylene, aryl, arylene, heteroaryl, and heteroarylene.
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\'11 ) RRR 1T /7 vl ~XIL \ NV NVRINNRRLN I/ N VI 1T_Ri NI
(R / RRI\Il'l RRI\R RILRLR1 45 W 03/017731 PCT/ US02/ 13463
R3 R2 RBWOWNIRIIR3 gi O-// RB1 N/ NR2Z NR R3 R3PCTRZB02/RlUcN Si
Ar2. NA1 R/ /T At 2/ R3 Are. | Are/ NNR3 Arl Arl Art Art Arl Ari
Ar2\/1qgrl Ar2\~"Sgr~ el | ~/ 1/ Art N
6. The method of claim 1, wherein the matrix comprises at least one
amorphous, non-polymeric, organic dendrimer.

5 7. The method of claim 6, wherein the dendrimer is selected from

T

Ry | > N l X R1\©/N\©
/P @ /F X
2 2 R2
R R

| TR
: I /CV >
¢ Ro Rq
N
/ N (RZ R1 = N | B
== I// X R
Ry R4 Rz !
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Art [/ -Ar2 At Ar 1/ V' \ Art Arl1ll NArl1 Art Are AL ONM No e N O/ |
el I~ OONNORNNN-NONN N -N NOOONNA2 -NN \/ \' N
~TT/ Rl WDoAn1778rt wherein each RL and R2 is independent IPgTHjS0%13463 , Br,
I, -SH, -OH, alkyl, aryl, 5 heter oaryl fl uor oal kyI fl uor oal kyl al koxy,

al kenyl , al koxy, am no, or alkyl-COOH, each R3 is |ndependently H F d,
Br, I, alkyl, fluoroalkyl, alkoxy,zaryl, amno, cyano, or nitro, each X1
is independently 0, S, Se, NR3, B or PR3, and each Art and Are is

i ndependent |y substitwed or su |tut ed aryl or heteroaryl. 10 8. The
met hod of claim1, V\/ne 1th Bnpri ses an anor phous,

non- pol yneri c, P@\l i% 46 WO 03/017731 PCT/ US02/ 13463 9.
The method of cl&hi n r phous, non-pol yneric, organic
matrix corrprises g Pém al. 5 10. The method of claim1,
wherein the anorpho sb ericyorganic natrix conprises an el ectron
transport materl The thod oRi claim 1, wherein a hole transport

material or electron Hsrans terl al is also disposed within the
anor phous, non- polyrrerch org n| Rimatri x. A;122 .aqhe nethod of claiml,
wherein a ratio, by wei g t Pt he anor phous non- pol ymer i c organic
matrix to the |ight emt @al is at t 1:1.
N Arz\ Arz
\
Al’1 AI'1
o SN
¥ |
! _ P
AI"1
_ . NéL{\I // | = Ara
Ay Ary Ar1/k\ NJ\Ar1 Arg Q/\Arz Arq
Q (0]
N==
I{l\ o}
>‘\©\/O O\(é\(N‘N O\(©/‘<
N SN o SN
N N~ N
N= =N

wherein each R; and R; is independently H, ‘F, Cl, Br, I, -SH, -OH, alkyl, aryl,

5 Heteroaryl, fluoroalkyl, fluoroalkylalkoxy, alkenyl, alkoxy, amino, or alkyl-COOH,
each R; is 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, and each Ar; and Ar is
independently substituted or unsubstituted aryl or heteroaryl.

10 8. The method of claim 1, wherein the matrix comprises an amorphous,

non-polymeric, organic spiro compound.
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15 13. The nmethod of claim1, wherein selectively thermally transferring
the transfer layer to a receptor conprises selectively thermally

transf errwogshe3transfer |ayer to a receptor conpri Si ngPaETIEOHPI463
substrate and a plurality of electrodes disposed on the receptor
substrate. 20 14. The nethod of claim 13, wherein selectively thermally
transferring the transfer layer to a receptor conprises selectively
thermally transferring the transfer |ayer to a receptor conprising a

receptor substrate, @hdhethad bf Ylakh 16WR6liOHEe SndtHas ednYPolyrhéle:, LE&BRS OF

substrate, and a hole transport |ayer disposed on the plurality o

el ect r odesmatpis cpgprippea hade Haasport redteiish 13, further conprisi ng di sposing a
plurality of electrodes on a portion of the transfer |ayer which was
selectively thermally transferred to the receptor. 16. A donor sheet,
conpri sing: 301@ subkdmathed oficlaighf wherehetht atoMIRLS ne-fodyasricbgpgised on
the substrate for converting incident imaging radiation into heat; and 47
WO 03/ 017 783TEEPMpsesy assleesrongranspgitmaterighy er  di sposed over the

| i ght-to-heat conversion layer, the transfer |ayer conprising a

sol ution-coat ed, anorphous, non-polyneric, organic matrix with a 1|ight
emtting materi®l diSmosettiod nf tlhen ipwherein avhee éianspoitenitedsif etectrayer i s

capabl e of being selectively thernplly transferred fromthe danor sheet to
a proxi naltffkflsp%g’(a&‘?ﬂ“glsr%g@ %/p@rs‘?‘f‘l’g.ﬁm'l* B ASHVUS HQBPOSMTICH YN8, furt her
conpri gl Ngpkgikm ng at | east one additional transfer |ayer disposed over

the light-to-heat conversion |ayer and wherein the at | east one additional
transfer layer is capable of being selectively thermally 10 transferred

with the transf | ayer fro e. donoy sheet .to a proxinmglly | ocated
receptor. 18. %e 3%() eoIPetéﬂgéfaSWl 21‘5 e’ ra\?,ﬂgl?yewglgﬁ{;@g&ieg%qo Wt ing
mat erial  fARRlIBESsC, drdndithateii tb thd e @hABE mat&rial % at TORt flgnor sheet  of
claim 16, wherein the matrix conprises at | east one anorphous,

non- pol ymeri c, organi c conpound selected fromRRR R,. RS R\ h.
15 13. The method of claim 1, wherein selectively thermally transferring the

transfer layer to a receptor comprises selectively thermally transferring the transfer
layer to a receptor comprising a receptor substrate and a plurality of electrodes disposed

on the receptor substrate.

20 14. The method of claim 13, wherein selectively thermally transferring the
transfer layer to a receptor comprises selectively thermally transferring the transfer
layer to a receptor comprising a receptor substrate, a plurality of electrodes disposed on

the receptor substrate, and a hole transport layer disposed on the plurality of electrodes.

25 15.  The method of claim 13, further comprising disposing a plurality of
electrodes on a portion of the transfer layer which was selectively thermally transferred

to the receptor.

16. A donor sheet, comprising:
30 a substrate;

a light-to-heat conversion layer disposed on the substrate for converting incident

imaging radiation into heat; and
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/ RR R RRwerein each Ris independently a substituent conprising at

| east one functional group selected from al kenyl, al kenyl ene, aryl,

aryl ene, Wwetosnomsyl, and heteroaryl ene. 20 20. The donor ®lkaatSoni34ed ai m 16,
wherein the matrix conprises at | east one anorphous, non-polyneric,
organi ¢ dendriner. 21. The donor sheet of clain116 mherein the matrix
conprises an 25 a hou no ani C |ro C oun 48 WO
03/ 017731 PCT/ RETFIRS JBT disposoqye %EE‘EL%T? SR CAVETSI e, &%E@P&%h t he
anor phousj, QR’? @oﬁ@h&'ﬁ% lis6lutiBh 38MeE, dMdrphousC RERpbISERIi8, d¥8hfic hia@NERAh
material. 23. The donor sheet of claim 16, wheréin the anor phous,

non- pol yndightem§ting grtdrial dspases 1mdt¢pnat335wmeleltbetrmfﬁrtlamgmpablmferi al .
24. The dqnor t of clai.m16,. wh hol e, t rans or1 t rla or

ol ect on ePREsr ey urraly It o n  aff s Shost AT R iRl et

non- pokymegdeptoror gani c matrix. 10 25. A nethod of naklng a donor sheet, t he
met hod conprising: formng a |ight-to-heat conversion |ayer on a
substrate; and formng a transfer Iayer on the substrate, wherein formng
the transfer |ayer e?no?ﬁa% S0 bl ?ﬂﬁﬁér%gmgﬂgiﬁgtdrﬂﬂ gormasihton on the
substrate to form an ous non-"pol'ymeric, organicmatriXx with a

| i ght em taﬁdiﬁ@)nﬁbﬂrzﬁfsf@ﬂayéf 61&@&&6 olver thé [tlghmt-}[dat(coni’zﬁrsmﬁrlaﬁrenﬂ malettilh nescent

devi ce, conprising a first electrode 20 a second el ectrode;._and a |ight
emitting ItBgwrlcwst epeadditiond %e%tert A¥erfs fapablef beegéﬁlactef‘fi}sﬂteea@év the Iight
em ttigg 't?a}’@fen%ﬁ%{ﬂ tﬁéﬂ‘gn , ddABPsHe t¥> rbﬁnﬁﬁlﬁ%a@emt‘,éﬂt&. with a
light "emtting polyner spos |n t e matri Xx. 27. The

el ectrol um nescent device of claim?26, wherein the matri x

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

comprises a light emitting polymer.

15 19. The donor sheet of claim 16, wherein the matrix comprises at least one

amorphous, non-polymeric, organic compound selected from

wherein each R is independently a substituent comprising at least one functional group
selected from alkenyl, alkenylene, aryl, arylene, heteroaryl, and heteroarylene.
20
20. The donor sheet of claim 16, wherein the matrix comprises at least one

amorphous, non-polymeric, organic dendrimer.

21.  The donor sheet of claim 16, wherein the matrix comprises an

25  amorphous, non-polymeric, organic spiro compound.
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conprises at |east one anorphous, non-polyneric, organic conpound sel ected
fromRRR RRnsi RRR RRR 49 WD 03/017731 PCT/ US02/ 13463 wherein
each R i swondepeadent |y a substituent conprising at | east peraShunss onal
group selected from al kenyl, al kenyl ene, aryl, arylene, heteroaryl, and
het er oaryl ene. 28. The el ectrol um nescent device of claim 26, wherein the

matrix 5 conprjses .at | east one. anorphoys, .ngn-pol yneric, or.gani.c

Gondr i rer . 99" Fhe el TPy LB THUIoEn G DRy 6o HUs BRHC he
matrix  CoppiiSRRtrRccifiehPHSle tARSROMYRIAI, C, Organic Spiro conpound. 10
30. The el ectrol um nescent device of claim26, wherein the anorphous,

non- pol ynmeric, organic matrix conprises a hole transport nmaterial. 31. The
el ectrol um nescgnt vice of claim.26 erein the anmorphous .

monpol yer o organ et spegtsshsigots. SHREh e Ao AR o et a1 15
32. The elggimiOhati-nengRtts sesb@tororarkpait Maldialwherein a hol e transport
material or electron transport material is also disposed within the

anor phous, non- polyneric organic matrix. 20 50
24.  The donor sheet of claim 16, wherein a hole transport material or

electron transport material is also disposed within the amorphous, non-polymeric
organic matrix.
10
25. A method of making a donor sheet, the method comprising:
forming a light-to-heat conversion layer on a substrate; and
forming a transfer layer on the substrate, wherein forming the transfer layer
comprises solution coating a coating composition on the substrate to form an
15  amorphous, non-polymeric, organic matrix with a light emitting material disposed in

the matrix.

26.  An electroluminescent device, comprising:
a first electrode; ‘
20 a second electrode; and
a light emitting layer disposed between the first and second electrodes, the light
emitting layer comprising an amorphous, non-polymeric organic matrix with a light

emitting polymer disposed in the matrix.

25 27. The electroluminescent device of claim 26, wherein the matrix

comprises at least one amorphous, non-polymeric, organic compound selected from
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wherein each R is independently a substituent comprising at least one functional group

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

28. The electroluminescent device of claim 26, wherein the matrix

5  comprises at least one amorphous, non-polymeric, organic dendrimer.

29. The electroluminescent device of claim 26, wherein the matrix

comprises an amorphous, non-polymeric, organic spiro compound.

10 30.  The electroluminescent device of claim 26, wherein the amorphous,

non-polymeric, organic matrix comprises a hole transport material.

31.  The electroluminescent device of claim 26, wherein the amorphous,

non-polymeric organic matrix comprises an electron transport material.

15
32.  The electroluminescent device of claim 26, wherein a hole transport
material or electron transport material is also disposed within the amorphous, non-
polymeric organic matrix.
20
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