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converting i ndihdentsentiaggmipnriadirattedid materials and methods for patterning an

amorphous, non-polymeric, organic matrix with electrically active material disposed in

15 the matrix, as well as the devices formed using the materials and methods. One
embodiment of the invention includes a method of making an organic
electroluminescent device. A transfer layer is 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 mattix. 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 heatl.

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
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a hole transport maternal or electron transport material in an amorphous, non—po?ymeric,

15 organic mafrix. The matrix can be formed using, for example, any of the materials
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.

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 bf an organic electroluminescent display

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

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.
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15 or devices
R.H. Friend, et al. ("Electroluminescence in Conjugated Polymers" Nature, 397,
1999, 121.), describe one mechanism of electroluminescence as including the “injection
of electrons from one electrode and holes-from the other, the capture of oppositely
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.
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As an example of device structure, Figure 1 illustrates an OEL display or device

100 that includes a device layer 110 and a substrate 120. Any other suitable display
component can also be included with display 100. Optionally, additional optical
elements or other devices suitable for use with electronic displays, devices, or lamps

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

2‘5 emitted light whether it be an actual human observer, a screen, an optical component,
an electronic device, or the like. In 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 emilting”) 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 confi gtiration (termed “top emitting”’) may

be used when substrate 120 does or does not transmit the light emitted by the device
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of a segmented display (e.g., low information content display), or a separate icon,
portion of an icon, or lamp for an icon (e.g., indicator applications).
In at least some instances, an OEL device includes a thin layer, or layers, of one
or more suitable organic materials sandwiched between a cathode and an anode. When
20  activated, 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 matenals
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transport material or electron transport material in the light emitting layer 256a, 256b,

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 examplek, gold,

25 platinum, palladium, aluminum, calcium, titanium, titanium nitride, indium tin oxide
(ITO), fluorine tin oxide '(FT 0), and polyaniline. The anode 252 and the cathode 254
can be single layers of conducting materials or they can include muitiple layers. For
example; an anode or a cathode may include a layer of aluminum and a layer of gold, 2
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
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e
| ayer 2 respec
tris(8-hydroxyquinolato) aluminum (Alg3). Other examples of electron transport
materials include 1,3-bis[5-(4-(1,1-dimethylethyl)phenyl)-1,3,4-oxadiazol-2-

yl]benzene, 2-(biphenyl-4-y1)-5-(4-(1,1-dimethylethyl)phenyl)-1,3,4-oxadiazole

(tBuPBD) and other compounds described in C.H. Chen, et al., Macromol. Symp. 125,

20 1(1997) 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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CI her exanpl es include _copper phthal ocyanl ne (CuPC);

1,3,5-Tri s(4x%ﬁ1q§h@rrrwtaﬁﬁiﬁ8 Jeyises enfdude @WAméqr;ofan@wbmﬁatr@aﬁ%ounds

such as | t h tals,

161 ( 1955%%9%%%%?@% @ %I]\é!}n&F dﬁldelé%}%gtﬁ f ?%’%m?p lai?iﬁaggteﬁfgbﬂ ans port I ng
Pol yner s Mlﬂwlﬁm %rs @2&85&&"6 221@5@@6@91;5&139@114159@1 &1%®BG1I99Nni ¢ and
Photoni c. Materia &) 10, 233-274 (2001). The
el ectrords %Ma@?@pérﬁ%l»%?e? 7%%@89 a'?e?lq 0% és69t5t? 7 ﬁ}de% 69 bt ordMEeeT ons and

(hels A O, KRt Spoh0eh SRR AL RS, FnEon el el bt onper |
cat hode (28662,980, deS28d5; (R84 7)1 lety anp09/451,984. The patterning process can
depend upon the physical properties of the transfer layer. One parameter is the
cohesive, or film strength, of the transfer layer. During imaging, the transfer layer
preferably breaks cleanly along the line dividing 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
chalienging. 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 matnx,

provide low cohesive strength, as compared to typical polymer transfer layers, during
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Advanced Electronic and Photonic Materials and Devices, H.S. Nalwa (ed.), 10, 233-

274 (2001); Shirota, J. Mater. Chem., 10, 1, (2000); Kreger et al., Synthetic Metals,

119, 163 (2001); PCT Patent Applications Publication Nos. WO 99/21935 and WO

00/03565; and Robinson et al., Adv. Mat., 2000, 12(22), 1701. Preferably, this non-

20  polymeric, organic material does not have a substantial propensity to form or does not

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 1s 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



and are not suitable for display applications. In addition, tHhdyfEuiller

fromthgoss/gr73P restrictions for patterning as the LEPSpcA)&QA853et hod
of form ng devices includes the transfer of one or nore transfer |ayers
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If the non-polymeric, organic material is not a hole or electron transport
material, it can be desirable to include a hole or electron transport material as part of
the coating composition. Other materials that can be included in the coating

20  composition include, for example, small molecule dopants (e.g. triplet emitters); other
non-polymeric, organic materials; coating aids, surfactants; particulate matenal 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
cmitting 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

i1



of the matrix-forming material may also act to conpatibilize norelfbBalls
one electrically active material (e.g. tw otherw se inconpatible LEPs
or an WERPoanty7am phosphorescent emitter). LEPs will be upeDuasysacexanpl e
for the description below, but it will be 5 recognized that other |ight
emtting, sem conducting, hole transporting, electron transporting, or
otherwi se electrically active nol ecules could be used in place of or in
addi t i oWithaeadant eleaagadly pye gionpadbxamplgs of aéﬁélrm?lﬁ‘é%l?ﬁalﬂlcﬁlﬁénsf er will be

used as,an X I f 42 .0Or r.m I er
ayere, “RRRRT M falls a7 FBAREL B S il LG SR
and pri p$ tefGphesBbabafes CoRaphen USAembaiss habtetr@phdl] §inahedtileNg, screen
printing, thermal "head printing, and photolithographic patterning. Any
non- pol yapdacedi im2 geith SenBb.@r Sal regpastibelydised as |ong as the material can
be olution coated to form an anorphous matrix and will resist
substantial crystallization during the expected |ifetine of the device
under the expected opetating and starage conditiofs. Exanpl es of
suitable materials areidescribed i . V. Grazul evicius, P. 15 Strohriegl,
" Char ge- Transporting ynmers and ecul ar G asse Handbook of

Advanced El ectroni g-and Phot oni ‘erials and Devices, H'S. Nalwa (ed.),
10, 233- 274 (20 iret a, R Q

000); Kreger et
al ., Synthetic Meta AP \ i
Publ i cati on Nos. WO %9721 © 00/ &3565; nson et al., Adv.
Mat ., 2000, 12(22), A701. PreferaBly, this non 2Q0.f%ol yneric, organic
materi al does not have a substantial propensityrto formor does not form
a stable, crystalline phase under the expected operati ng and storage
conditions. In additilbn, preferably, the non-polyneric, organic materi al
and light emtting material are conpatible or soluble in a conmon
sol vent or solvents and do not substantially phase separate during
sol ut i oRacloRti$ iglepentientiymeumtivdat athtyinirgpomsodr ph@senpigptad dtretiopain 25

renoval of the solvent(s). Ln neral , en the anprphous triX,1s
f or med, Srqves { FE%WBP@’ ?@{1, Wﬁ@ggﬁtﬁmaﬁﬂhﬁgFWqWe&H&ﬁﬁgr %%E%any Vi x/ LEP
bl end i g4 banfok ’%lét(gggésc{]}t%ﬁ'?adi%?s)?ﬁﬁé}[@fs (kheas %i%%‘&%dﬁﬁ%%sacpﬁﬁe (if

there are two observa phases) e point in wic e LEP chains

ar e idi sshioweghose. Fach Rnmbpiitous cambe the shirfe ashoedéfferentslran iyl gheriase) .

e 2 sisPat Swheh Al R astlents S0 tn MRnid WmBRENTHpi ity Hal Sbne' I
symmetry. When at least one of the R substituents is different, the molecule has

asyminetry 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 tnarylamine) 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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than 50 wt.% of the solids of a coating conposition and can be h@\fﬁB@@UBZS
W . % Qrgobssespf the solids. Typically, the ratio, by weigpoz19{s3t he
non- pol ynmeric, organic 10 WO 03/017731 1 0 F E B 2006 PCTJUS02/ 13463
material to light emtting mterial (e.g., light emtting polyner or
polymers) is at least 1:1 and typically is in the range of 1:1 to 100: 1.
Gener al IQectupitd MoledulatOfbeasLodedt, Undupitd/ Motedulyr CrbitkRasp i2the or 3: 1 or
nore, are suitable for thermal transfer applicatjon
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e
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can be useful in creating such structures by sequentially transferring
each of the layers. In addition, |ayers can be formed using different

light emtting materials goGsachi evefferent co s or to produce, for
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5 Specific examples of suitable tetrahedral core materials include compounds 4-6:
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25 preferred that the materials and operating conditions be Sellﬂeﬁ;IBefhﬂéo
favor em ssion by the light emtting polyner instead of the

non- polwmmesiry3organi ¢ material which fornms the anor phopcr/usiyizxes For
exanpl e, the non-polyneric, organic material naybe capable of emtting
light in the blue region of the spectrum In this instance, a |ight
emtting polymer could be sel ected which emts in the red or green
regions of the 30 spectrum Sel mﬂ@n be based on, for exanple, the
mechani sm(s) of nol ecular ener er and the bandgap of the
materi al s. Exanples of suitable non-igol yneric, organic materials that can
forman anorphous matrix when sol gti pn coated include nol ecul es having a

tetrahedral core 11 1 0 F 2006 WO 03/017731 PCT/ US02/ 13463 with
pendant electrically activ : pl es such nol ecul es incl ude
tetraphenyl nethanes 1, tetrao\Gb“ S £§ﬁand t et raphenyl

adamant anes 3, as well as/t¥

¥ ngnes, tetraphenyl plunbanes,
and tetraphenyl stannanes in 2 with Ge, Pb, or Sn,

respectively): 5 1 2 3 Each R i s 'ndependen a substituent containing
one or nore conjugated functi oups (for exanple, aryl, arylene,
het eroaryl, heteroaryl ene, al kenyl xdr al kenylene) that stabilize holes
(e.g. as cation radicals), electrons (e.g. as anion radicals), or act as
a 10 chronmophore. Each R substituent 4can be the same as or different from
the other R substituents.grMWen all the R subskjtuents are the sane, the
nmol ecul e typically has so symmetry. Wen a east one of the R
substituents is different he nol ecul e has pmmet ry which may further
facilitate the formatig a d retention of an arphous matri x. In sonme
i nstances, R incl ude%“ icring th i ed to the phenyl group
15 to which Ris attache Rm for "@ hstituted or

. R
unsubsti tuted napht hyl o; !

1

Ry

5 XisC,Si, Ge, Pb, or Smand R; is H or alkyl. Compounds 5 and 6 include fluorene
moieties that can be chromopheric. 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-

19
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other fused ring structure. Exanples and further descriptions of! 8&ER 2006
mat er i afyg @BANTAE found in, for exanple, PCT Patent Applig@i/iyoer/13463
Publ i cation No. WD 00/03565 and Robinson et al . , Adv. Mat., 2000,

12(22), 1701. In sonme enbodi ments, the substituents R include one or nore
conjugated 20 structures having, for exanple one or nore al kenyl,

al kenyl ene, , aryl ene ryl ene),
het er oaryl , et eroaryl ¢ § can
have ext ept =ON|_U heteroatons such
as nitroges~and-oxyqen ' i ncl ude electron rich
noi eties (e.g. | ' 3 bi : . hol es),
el ectron @ 7 rons),

or a HOMO
Occupi ed Mol e owest Unoccupi ed Mol ecular Orbital) gap in
the wultraviolet to visible range to act as a chronophore. Exanpl es of
suitable R groups igclude, but are not limted t®, the follow ng:
VN.BN-z~ Et02C F' 'F CO2Et 1 5 Specific exanples of suitable tetrahedral
core materials include conpounds 4-6: 13 1 0 FEB 2006 WD 03/017731 4 5 R

=6 Pcr%égezéajcﬁﬂﬁé independently a conjugated structure having one or more alkenyl,
alkenylene, aryl, arylene (e.g., phenylene, naphthylene, or anthrylene), heteroaryl, or
heteroarylene functional groups. The substituents can have extended 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-
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5 Xis C Si, G, Pb, or Sn and R2 is H or alkyl. Conpounds 5 and
include fluorene noieties that can be chronmpphoric. These pa}ﬂfE&ﬂWB
fluoremes osyprsial | y have band gaps in the blue to ultrapmuse/Bassge.
Such materials can be useful with LEPs that emt in the red or green
regions so that emssion is primarily or exclusively fromthe LEP. Al so
anong this type of conpounds are Spiro conpounds such as conpounds 7 10
9: 7 14 WO 03/0177ﬁgn‘ 10FEBZ£§B PCT/ US02/ 13463 / \ /. \ [/ \ [ \ [ \ [/

\ 9 where each R i ndependemA'y a conj ugat struct havi ng one or
nore al kenyl, alkemylene, 3 aryl ene (e/g7i, phenyl éng— napht hyl ene,
or anthryl ene), @ eI r eroaryN ct ' gPoups. The
substituents can™have ¥xi¥nded TG conjugated 5 &5 whi ch can include
het er oat onnms such as nit en and oxygen. The conjtgated systens can

i nclude electron rich ies (e.g. a triarylam to stabilize cation
radicals (e.g. holes), eh@ctron poor noieties to stabilize anion radicals
(e.g. electrons), or OFLUMO ( Hi ghest Ccc @"V'WE?'GCUlar

Orbital -Lowest Unoccup¥ed Wbl ecular Orbital) geg iwthe ultraviolet to
vi si bl e range to act as]@ chronophore. 10 O her ggierials t hat can be
used to form anor phous, non-pol yneric, organic ri ces include
dendrinmers. Dendrinmeric conpounds have & coge noiety with thRge or nore
dendritic substituents extending fronlt\é ofe noiety. Ex es of
suitable core noieties include trlphen nlne benzene, d|ne

pyrim di ne, and others described in nt Appl|ca QPN ial No. WO
99/ 21935. TheRﬁaﬁl{rl tic Si%&tl t uent Bz—t [ c .j' R
R

N\

R1|\N1\ R1|\NI\
S v . ¥
2 2 Rz 2
12 13
R4 R4
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15 contain two or nore aryl, arylene (e.g., phenylene), heterodyEB 2006
het er oawy @na773al kenyl, . or al kenyl ene substituents. |n peiRsenidegy nent s,
the substituents can be conjugated structures having one or nore

al kenyl , al kenyl ene, aryl, arylene (e.g., phenylene, naphthylene, or
anthryl ene), heteroaryl, or heteroarylene noieties. The dendritic
substituents can be the sane or different. Eéanples of dendrineric
conmpounds i nclude 20 starburst conpoun b on, for exanple,

tri phenyl am nes, such as conpo ,0310 1 7 7 3 1 10 12 14
11 13 15 10 F E 8 2006 PCT USO 463

17731 1 0 f E B 2006

PCT/ US02/134( 3 16 Eachr IS | ndepend tly H F, d, Br, |, -SH,
-OH, al kyl, aryl, het eroary ! S.HN roaI kyl al koxy, al kenyl ,
al koxy, am no, or alkyl - @ |\5 i >péndently H, F, d, Br, I,
al kyl, fluoroal kyl, al koxy/ am n cyan or nitro. Each X1 is

i ndependent ly 0, S, Se, B The al kyl, aryl, and heteroaryl

portions of any of these substl%uents Rsubstltut ed or
unsubstituted. Each R1, R2, R3,Rr be the sane as or different

fromsimlarly | abel ed substituent/
Rz \RS
\\

16

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

5 independently H, ¥, Cl, Br, I, alkyl, fluoroalkyl, alkoxy, aryl, amino, cyano, or nitro.
Each X; is independently O, S, Se, NR;, BRs, or PR3. The alkyl, aryl, and heteroaryl
portions of any of these substituents can be substituted or unsubstituted. Each Ry, Ry,
R3, 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:

AI'Q\N.AH

AFZ\NQN-A}'Z

1 I
Ary Ary

17




R substituents can be the same as or one or nore of the R suﬁgtﬁggzﬁ[ﬁts
can be different 10 fromeach other). OQher dendrinmer conpoun ave
an arywoeus/etaroaryl noiety as a core, such as conpouresr/i36228163 ; Arl
17 18 Are Ar Ar2 Art | 15 Ar 20 - N\'~ Arz L 19 Art Are N -Arl Arj
Are Art 21 22 23 17 10FEB2006 WD 03/017731 PCT/ U502/ 13463 Art 24 r 25

Ry

=N AFZ

N oy
9RO S
R4 R Ary

24 25

26
5 Each Ar; and Ar, is independently a substituted or unsubstituted aryl or heteroaryl,
inctuding, for example, substituted or unsubstituted phenyl, pyridine, pyrole, furan,
thiophene, or one of the following structures:

18



26 5 Each Arl and Are is independently a substituted or uns 88kEB: 186 d

aryl or ryl, including, for exanple, substituted I tuted
phenyl,%ﬁsﬁ@?ﬁé, pyrol e, furan, thiophene, or one of t é"’%ﬁ?ﬁt}%
structures: RL R 18 10FEB2006 WD 03/017731 Ri PCT/ US02/ 13463 Each Rl and
R2 is independently H F, O, Br, I, -SH -O4 alkyl, aryl, heteroaryl,

fl uoroal kyl , xw\uoroal kyl al kpxy, aI 5 laI koxy Ry o, or al kyk; COOH.
Each R3 is ixd#pendentl|y F, Br Ral kyl[;i\m oal kyl eh\ oxy,
aryl, am no,_gV8no, or nitrgZ 5 Eé‘(‘:h Xl and X2 i ependently\ 1S, Se,
NR3, BR3, R3. The al kyl| aryl, and heteroaryl portions of any of

t hese substitUEnts can beX
X1, and X2 c4n be the sam’ 3%

or different fromsimlarly |abel ed

DBstltuted or unsubstituted. Each R1, R2, R3,

substituents (i.e., all substituents can be the sanme as or one or nore
of the R3 substituents tan be different fromeach other). 10 O her
anor phous nmaterials incl uUe for exanple, conpounds 27-32: R, |1 27 Ari

.x\1 X1 30 Are 29 \Nr \~

10

15

20

Each Ry and R; is independently H, F, Cl, Br, I, -SH, -OH, alkyl, aryl, heteroaryl,
fluoroalkyl, fluoroalkylalkoxy, alkenyl, alkoxy, amino, or alkyl-COOH. Each R; is
independently H, F, Cl, Br, 1, alkyl, fluoroalkyl, alkoxy, aryl, amino, cyano, or nitro.
Each X and 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, R, X, 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 from each other).

Other amorphous materials include, for example, compounds 27-32:
Ra~ -Rs

| O &

N’{(}} o MA” X —Q'” T Ay :x1l Ary
27 28 29 30

Q 0 (] 0O

$

. An . N-Ar, AX; . Xg—Arny
X4 Q O X4
31 32

Each Ar and Arg is independently a substituted or unsubstituted aryl or heteroaryl, n is
an integer in the range of 1 to 6, and each R, is independently H, F, Cl, Br, L, -SH, -OH
alkyl, aryl, 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, X, and X, are independently O, S, Se, NRj, BR3, or

3

PR;y. The alkyl, aryl, and heteroaryl portions of any of these substituents can be
substituted or unsubstituted. Each R;, Ry, R3, X, X1, and X; can be the same as or
different from similarly Jabeled 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).

19



NAri Ar2'X2 / \ X2-Ari Ov b X1 Xi 31 15 32 Each Art' and Are 'ﬁ] FEB 006
| ndependently a substituted or unsubstituted aryl or heteroaryl, %
i nt egeWO@3/01¥83r ange of 1 to 6, and each Rl is independeﬁfT/yS(H/UIF(;S CI,

an

Br, I, -SH, -OH, alkyl, aryl, heteroaryl, fluoroalkyl,

fl uor oal kyl al koxy, .al kenyl, al koxy, am no, or al kyl- COOH Each R3 IS
I ndependent | {I H F,_d, Br, |, alkyl, fluoroalkyl, alkox ,

ami no, cyanoUndgss atherwise Bxti¢atod, thelterrafalkxt la‘Pléd@SrMébéﬁ@éi;Wyﬁlllﬁd S, Se,

NR3, B r ., PR3. The.alkyl ., aryl d ero orti f of
Phase < Bisoghadant yebaaudn i 2o pn i sPRlRERRu el 2hy SRE ALY s
X, X1, g%P%ZUﬁ&@s Qlﬁextvﬂﬁe FRMRRS 11 allcfli ghdups and ty{pid&ﬂ‘yi’l‘l@b@r Examphe! ed
substi ttien all Rl subsfituents can be the same as or one or
nmor e of of rﬂk}m assudadﬂwtmntc@deahuttme doff insiteshto, fethyl,ecileyl, otpepy)l. n-19 10 FEB

2006 /0177 1. PCT/ US02/ 13463, Unl.ess,..ot herwi se indicated, the term
"al Kyl V%)‘lltﬁfg b’é?tPPt}éIPF‘% tfﬂ?roé’ﬁ’élaﬁégleshl’t?r anched, and cyclic al kyl

groups and 'mhéggsﬁlgmgb the hd t!frf?d &gféné’uf?ﬂddwb@m s@ﬂa@ﬁk chﬁh@&'ps

Unl ess ot herw se I ndi cat ups are typi cal Cl- C2
Exanpl ebranclied; addkyprclic alwa]mﬂéiy&mcenbnn |rmhd:al'dmd toohudas hothomsubstntutedi ame

gﬁé:ty'hesqhsﬁéte@ﬁk%&%{%m 33l estetstv B dsed Bhe il dag s ol es
oth st ﬁa&QS/I ng?%@ggx%nﬁlﬁégfkﬁgyle@é‘das%f@dﬁ eidlli @h@@tbu?%r&??ihﬁ%

radi cal tituted a sti'tuted al kenyl ene
gr oups. tometisderet bthylms,q;romdemﬁm@glertehmchﬂskprbpyﬂengrmdplhe bke typi cal |y

T 50 ey b Bl bt
S50t BT S DB ey B
monoval e indldeobath hasubsdditebimt hibvitutsdallenyhgoaps oUhless bihadsise
indicated, the alkenyl groups are typically C2-C20. Examples of "alkenylene" as used
15  herein include, but are not limited to, ethenyl, propenyl, and the like.

Unless otherwise indicated, the term “alkenylene” includes both straight-
chained, branched, and cyclic divalent hydrocarbon radicals have one or more doubie
bonds and includes both unsubstituted and substituted alkenylene groups. Unless
otherwise indicated, the 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  of aryl as used herein include, but are not limited to, phenyl, 2-naphthyl, 1-naphthyl,
biphenyl, 2-hydroxyphenyl, 2-aminophenyl, 2-methoxyphenyl and the like.

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



and includes both unsubstituted and substituted al kenyl groups.1dhfaigm5

ot her Wi @48 ¢3loidhz¢at ed, the al kenyl groups are typically CefdRezBieal es
of "al kenyl ene" as used 15 herein include, but are not limted to,

et henyl, propenyl, and the like. Unless otherw se indicated, the term

"al kenyl ene" includes both straight- chained, branched, and cyclic

di val ent hydrigeiassosthervash indicstethatine tame heteromyl rdferdibdundimndisgranps | ncl udes
bot h unsubstituted and substituted al kenyl ene groups. Unless ot herw se

i ndi cat €8DAHRE 3 MEAOVAEIHH VIR S%IW"ETSPHF‘??&WE yrompliepng raiealpyigsongrorng

"al kenyl p . | n_hh t o) iy :

et hene: IT9E frFodt3E SUEpEGnlP GibHes Bt S0 2all. Shitfs ARGk ring may

i ndi cat ed optibgallyefided &Y otle 'or hifre b ahchertvarat wilic rngEAthetarbad] nag@)mt i c

car bocyclic radicals having one to fifteen rings, such as phenyl or

bi phéynyry! ringis)ntcieatkenyt tiag@), or ayrloalkyicmngss Hxapmlasl "aetereat ysed or

nbi nat i oms. t f.. Exanml 5.0f, ar hn i but
ot | | e s s B arh TR, 0 Bl Bitbndiy WSRO IRRBO A Syt Are
2- hy dr oxyde®f yietraZol TNy azo B B oy b haaiazapy thifdazdlge.  Unl ess

otherwi se indicated, the term"arylene" refers to dival ent unsaturated
ar omat i dscilipzdrl pyiidinyh @yadiznyhanitagnln pyreidinyl eenolinhgsoquudinyks

phenyl ene r |tipke fused,rings, . .such as t.hyl ene or anthryl ene,

or co%%ﬁ%ﬁ%ﬁ?ﬁ%ﬁ%ﬁpm@a’éﬁﬁlg%g 1§gazglgﬁyalr1§§1§eblﬂé% used herein include,
but jgre not RidlkdsefhdrovisdiRMZaBE the Zrfli "Heterhie e erefersto flhitlonabgrvugse-
1,4-diyl, naphthal ene-1,8-diyl, anthracene-1,4-diyl, and the like. 20 1 0

F E B 200@ainwg 98ialeny SyeFOBusoanasased exmesiis rogedigalsuith pug eamet t he
En LSRN ndeh R LR bR Sl AP PR SRR AR B o
het er oatgfiEndIRRPR el of iRt BEARAdrHRBrSTycle ridb(sh he BrifgkRaoar y!
ring may be optionally fused to one or nore of another heterocyclic
ri ng(s) ringésd.ervsitoajitenyl Agg(s) or eycdealkylringg( Sramplesiob ahatangiylanenyts) | or
oyl bl e, AR i e hph ) Sl Pl Bl buc are
triazol wkadib£d16-2z0bA,, 1,3,hithiadhydle-205ai20) yB-thinssluazodiyl, 1, PradHodz syl |
thi-adi azd(i)jlzl,y Ilnj}ridine-2,4-diy1, pyridine-2,3-diyl, pyridine-2,5-diyl, pyrimidine-2,4-diyl,
quinoline-2,3-diyl, and the like.
Suitable substituents for substituted alkyl, alkylene, alkenyl, alkenylene, aryl,
20  arylene, heteroaryl, and heteroarylene groups include, but are not limited to, alkyl,
alkylene, alkoxy, aryl, arylene, heteroaryl, heteroarylene, alkenyl, alkenylene, é.mino, F,
Cl, Br, I, -OH, -SH, cyano, nitro, -COQH, and -COO-alkyl.
It will be recogmzed that electrically active matenals other than li_ght 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 usefut for conducting or

semiconducting polymeric materials to produce a layer with lower cohesive strength

than the polymer itself.



i sot hi azolyl, pyridinyl, pyridazinyl, pyrazinyl, pyrimdinyl qug?r Fmg nyl ,
I soqui nolinyl, benzofuryl, benzothiophenyl, indolyl, and |nda , and
the |ikeo 03011981 ess ot herwi se indicated, the term" het erBaTwlsenef-l(:J efers
to functional groups containing a divalent five-to seven--nenbered
aromatic ring radical with one or nore heteroatons independently
selected fromsS, 0, or N. Such a heteroarylene ring may be optionally
fused to one Advangyef tighbenitteg matreisdogloting LENgid$M hehtermtgrgicani ng(s),

i
f 2 S
e sk

diyl, pyothailB> ﬂa@énd]s;dow mcrmbnmez ,davdogdd, ap@lcoqbiobmaezs Br bliends thereof.
pyrimdine-2 4-diyl, noI 3-di and.th tabl e
Subssi t LunablersPsgahalso s Balogy Vdoaqdzgl}seﬁrée aﬂlﬁleﬂlﬂﬂrescav RS PEREET aryI |

20 aryl gfen aéaﬁ&ﬁr%ﬁaf%dkwﬁggg ﬁs‘{ma{: 60 ﬂé@ﬂ@%@agcg%m Dtle Bf oot

limted to, KOX aryl, aryl eteroaryl,

het er oarayshemmateﬁhlsemd theaﬂdee rstdaﬁmas oa'mnlmhle EEP 1fthteridle ard deserfdd inSH, cyan,
nitro, -COOH and -COO al kyl recogni zed t hat electrlcally
active HeBrotal. s&%&&ﬁ&ﬂ&ﬁﬁ%ﬁ%ﬁ%éw t ¥rY- Alatent Mas ped i Shosed in

an anor RhalsoNS BRANY B ELG 21 07 A8 S5781d0"27 810283 08X AR 41, B ONAUCL I NG

or sem condtcti ng nateti‘al can’ I'spose hée™ anot pholus,

non-ypol YoYRs9L 163, QﬂicﬂBOT(PdmitrApphcéunﬁi Pubichon Seadpliessd.ncl ude the formation
of a hole transport | ayer or electron transport |ayer or ot her .charge

conducti ng | HMmatex $Wﬁ@11yamanM¢wg=§@¢ pr pegeaematallismelegler on

transpor Jul X. The
RO ha BB . B0 TR LA SIS o RO TR

descri beghnghev@atefidissasdspmtsinentiag: IRgerPed. &l fuddtioy tHessphited f:(ﬂbr)(b@nduct i ng
or sem conducting polyneric nmaterjials to produce a |ayer with | ower

cohesi vechatge &apEneTt layens, anfeths dikgnEommandy ﬂsedzieraFiEB% enql@eo%;ﬂellwsl
PCT! IS02hdRft O nfdotld, Shith 8 rlst g b arB dulidihe BBl AT Al 4] M 03r iz and SM

| i ght em
methylphenyl)-N,N'-diphenylbenzidine (TPD). Other SM materials are disclosed in,

for example, C.H. Chen, et al., Macromol. Symp. 125, 1 (1997), Japanese Laid Open
Patent Application 2000-195673, U.S. Patents Nos. 6,030,715, 6,150,043, and
6,242,115 and, PCT Patent Applications Publication Nos. WO 00/18851 (divalent
20  lanthanide metal‘complexes), WO 00/70655 (cyclometallated inndium 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 OEI 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

2
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be used. Exanples of classes of suitable LEP materials incl ude| 0 FEB 7006
pol y( phgpysepeyi nyl ene)s (PPVs), poly-para-phenyl enes ( BRPEVs02/13463

pol yfl uorenes (PFs), other LEP materials now known or | ater devel oped,
and co-polyners or blends thereof. 5 Suitable LEPs can al so be

nol ecul arly doped, dispersed with fluorescent dyes or other PL

mat er i alf#iterflpehaedrsyivhive plates v ffaserscandadthdr oetica tdevicad; Snsultitspeebasrer Wi t h
active or. non- active materjals, and the |ike. EX | es of suigii\gbl e LEP
mat er i alf&bsapleckmats, magk work gag pher gpch.gompopgisianddae hke.| Henergyy, ongz,

5. 840, 2 i Elog s B Gipalfly denbefeh ptgmed oy RS abndd oo s
and PCT ddaéedé 12ppéfbedotamgRibldmabingnayee or B9edFshe OBM dmiceroral s are

general |y non-pol yner organic or organonetal lic nolecular nmaterials that
can be thes al heldevice [ysy 1 GinWhea\d lighd trarsnaifsive ebsialied20as sed@hdr ge

t ranspor erials.  .as. do Inemttar | r t rol the
emtted t%%%‘)éeg}ce d(gﬁig‘fl & &?%ﬁ?glgr?@%ﬂy%&se, el%\r@d? ﬁé%{e?ﬁ%c}es&%l y used
SM nat erdigosed bétvielethaehipdtrald1 Zhal Pihe eanwpeUnsterialés)Ghe pi&ferably

tris(8-hy roxya(i]]ui nol i ne) alum num (Al g3), and N, N -bi s(3-

net hy| prsahbstrytalyNranspaped iy Liglin 2oroixamplermsparegrond o viessl etiod psssugh @s

di scl osed,.in,,. for le,. C.H_ Chen | . . Macronml ... 125, 1
(197) - gyt s TR Ry BLF iRt fhe e BB 3 My T o Bes *Ps ent s
Nos .16, 030, 7 15ieméntli50.da4 de a0 dicductd 3r ddhbiamsbn FClebaits Blitablpfok egd i ons

Publ i cati on Nos. WD 00/ 18851 (divalent 20 | ant hanide netal conpl exes), WO

00/ 70655vifle GELotsnlay oradeaips 100diipncs emplsudamentndO confheras)L.CIA mpdns

cubst r attheiaticediir TRty Qb Srsbors Pl fifher ol BP0 "

devi ce gngvidiepraxerpdiRlliCRM A% and @k HEXAITR! €svicd D, fartistda? agan conpri se
gl ass, clear plastic, or other suitable 25 material (s) that are

subst antaba¢tbing argelsstive aleanwppodarizes  AltgietivelyehenedeaicePOdansdf 4o be

o Tt on il tidh Foelef Bpetiaf AT Bl e s RE PRl PP AIEE,

devi ces igadh ReRdritireHcEiE Yo R 1HpE £Rit-BheddeQoatiitgtpg®jctientsoreexd)osure to
oxygen or water, substrate 120 preferably provi des an adequate

envi r onrhsighinespenhaneament filps, o @ipdriopHCHicOMPENEILS COAMILS, 1y BREfacgoat i ngs,
or 30 IM@& %?tﬁehlﬁgte. provi de an adequate environnental barrier.

Organic electronic devices containing materials for light emission 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-pelymeric, 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 matén’als 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 i 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 matenal

or functional alignment layer. Each of these elements are described in more detail in
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Substrate 120 can al so include any nunber of devices or conpo qpmmgf,
suitable in COEL devices and displays such as transistor arrags and ot her
el ect r opp@sdemscres; color 2 WO 03/017731 1 0 F E B 2006 PCTAUKSEORZU4B463
filters, polarizers, wave plates, diffusers, and other optical devices;

I nsulators, barrier. ribs, black matrix, mask work and ot her such
conponents; and the |like. Generally, one or nore electrodes wll be

coat ed, threfisetssion, ﬂl?ief@ﬂ@\ﬁ'he@ﬂlebla}/@tsrf@ﬂ\ﬂl%?é)&tﬁf%ﬁ%eﬁkmplc%Qf)%lt‘ﬁaHEe 120
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I's used ganng 54308 Oklssdey DR 543, @l@mszxﬁ 6aroa 190t 5amy ee8.14,008083;he el ectrode
or electfodes that are di sposed between the substrate 120 and the

em ssi v, AR B 517(16)09&@,6%5 8L raal|5y693514s erdhini co-hspignedRbpatatent to |ight,

(170} ottt Sesmhams: DR i o et PR fichi e b s s °°

El ement O%,aﬁgqqq %QMS bgqrent or conbination of elenents sui t abl e for
use wth OEL display or device 100. For exanpl e, el enment 130 can be an
LCD nodul e  Vhematsses of tibGBesent mvibaiokd, |egin$s1ve®rgamc nateralp oicdudizer s or

ot her nts _can be rovj deq bhet e L nodul e d th backl i ght
devi ce ig%e s of §fh eirﬁé‘"tt%ﬁ?éwg Camp0e %ag%’rvﬁyy\ﬁﬁmﬁ © %Bttﬁl?/%a“@feégW%B ol ari zgr.
Al ter nafdb &11 ssﬁeetvve%r}e ¥brSRbstAPe b§ 1&2@' the ﬁlanéf‘ér fa gér%rf'ﬁ?é a&{br dienaY

el enent can include one or pol ari zer wave :-pl ates, touch
paned s, ad_rat:a:metb ttmatec&;ﬂomdtsehgﬁvelahtat}@thd dencrod¢menys Illlmmajmedy; tha

sScreens bri ght ness enhance t f ot her ca onents
coat i ngglon%rsf‘ég mEBH IR 08 ST Q@éﬂdw“fwéanrﬁgag eﬁ%giﬁ%&%%
devi ces %13 @ﬂﬂhﬂ&n@ ea%fb@gh! fogﬁgat \%?ﬂepﬂla‘t@l'al mep(f@e@m%%%l | east

I n part ectlvet erna nster |ght emtting naterial froma
t her mal ofien &ns berarste AAHG hgar, ahad can\daﬁsed nmtd heetc dptiioase sades;theienorfean

exanpl e ht em tti.n S and | angs can_ be nade coatlng
an LEP &ﬁ&xgmeﬁo angl radeah%gg@ﬁg—% ﬂPquV TOF SUlyS Uk, HEPYSIhe FHRIOR Tan
anmoy phoygHTefHd %dRRoA cAPRRIudS BREbr 8l WaeHeR8he GhdNEhY visible light,

infrared radiation, or ultraviolet radiation, for example from a laser, lamp, or other such

radiation source. Other selective heating methods can also be used, such as using 2
thermal print head or using a thermal hot stamp (e.g., a patterned thermal hot stamp
such as a heated silicone stamp that has a relief pattern that can be used to selectively

20  heat a donor). Material from the thermal transfer layer can be selectively transferred to
a receptor 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 the 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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transferring the LEP | ayer alone or along with other device g@)ﬁ@sm r

mat eri ayg G3@1¥3¢ 25 display substrate. Sel ective thernal pét/@aRelBhe0
| ayers containing light emtting materials for organic electronic

devi ces can be perforned using a thermal transfer donor. Figure 2 shows
an exanple of a thermal transfer donor 200 suitable for use in the
present elenithhPbe pAiticalariyl saitedior 28QRirigiovedesohtiba pettanbsf matesaldr0, an
optional underlayer 30 212, an optional |ight-to-heat conversion |ayer
(LTHC | dgreafterniug elsmenistwnfaplacament negd pot bejpecisely cauielitdst er | ayer 218
that conpris a [ | I )-SS1 .ar | ; ncti onal
al i gnnent | aﬁ?qsgeég%}ﬁe?gfgﬁgﬁlgé gg{er%ﬁéen Sﬁ%r?le'ﬁ Oggg%gfggglﬁ{dﬁlﬁé%ercgvgl tail in

23 1 0 krahsfBmfi@Qhe WehdTerl R er! For BAhpIS0Rr 3G Iaydrean bs farariion at dvmbr
follows. Qther |ayers can also be present. Exanples of sujtable onors
or | ayesebstitedbatoisessercedpete pHa tennorary) Liger that cannpprelegsesipiten the-tragstesg 555;

6, 228, 543: B, 221, 553: 6. 221, 543 14, 520: . 94 1.19: . Q88:

o 68, ouyer BisdhtERady a tebelor ety leatbii uebplibgionhrbed A S;
CO'aSSi%H%QHH-§udP§hﬁﬁ&m5r£@ﬁ%dﬁﬁkugﬂhﬁﬁbﬁﬁhnﬂbﬁcmﬂEéﬁﬁﬁJ@ﬁﬁmﬁaﬂb844,695;
09/ 844, 100; 09/ 662, 980: 09/ 662, 845; 09/ 473, 114; and 09/ 451, 984. In

pr ocess estimftrankfer fryes on@ lppeeattiosrtherepd, txthgdesPiani c material s, incl uding
LEPs or other, materi can he, sel.ectivel I I ransf er
| ayer of a é@ﬁé?o%ﬁzjéﬁéw?gﬂafﬁggbs{%rcagﬁ g tdrei{f3 %ﬁﬁégélﬂgm %8{%%&? M té:msf er
| ayqp Ohehthf SOy EhiIBPE of Grahtivaeniset Qo thwvse deedinor, tangpsefect i vel y

heating the donor elenment. Illustratively, the donor e|lenent can be
sel ect | wmtsridheatdeptopsrtics phtiicaptioual LS C sy, ths bpeof mataials IAdls ng

radi ati on _that cap be ahsorbed by light-to- C I '
di sposed @ eﬁalﬁ@rdg}?o ",erﬂg?qngﬁ-“?th&ﬁaO#s p%(?né)tr’e@%%e cﬁ%‘%ﬁ&gﬁ cgerzl\%lgét ed
i nto hege Lld) WiESS WRERE to bEBoMRTPY abatheoletrendasedeiallyobrgs mg onedi at i on

t hrough the donor substrate, througg the receptor, or 15 both. The
radi at i onmeasmepkanisies, oe opmaipeEwhish atayrin sphasized gudergmphasiase | ght,

o R AL e e AR el
can al s@yie 0s€thechAGEmas thesinaDtrahsfer includes thermal melt-stick transfer whereby
localized heating at the interface between the thermal transfer layer and the rest of the
donor element can lower the adhesion of the thermal transfer layer to the donor in
selected Jocations. Selected portions of the thermal transfer layer can adhere to the
20 receptor more strongly than to the donor so that when the donor element is removed,
the selected portions of the transfer layer remain on the receptor. Another mechanism
of thermal transfer includes ablative transfer whereby localized heating can be used to
ablate portions of the transfer layer off of the donor ¢lement, thereby diref:ting 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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thermal print head or using a thermal hot stanp (e.g., a patterne
thermal hot stanp such as a heated silicone stanp that has a ﬂzlm 2006
patter Rydg bsb17¢aan be used to selectively 20 heat a donor)pciaserisads from
the thermal transfer |ayer can be selectively transferred to a receptor
in this manner to imagewi se formpatterns of the transferred material on-
the receptor. In many instances, thernmal transfer using |light from for
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| ayer. In such cases, the light-to-heat converter materjal in the donor

sheet i tsamsfdrilayeamateTiabrtheimoge of themmabmags trans fegr andeothsrfych o503/ 017731

10 F E B 2008,,PCT/ USO2 463 el enents: . part.i i for
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whoge opicghe! 86sh SstiteD Qi | 8| athé QOEH Al ationk) anaflercelsaystrase can

al g@ bgfo'?r ansf%rnlrﬂed f rorr%3 doﬁ?rw%‘heet S Wt hoﬁl}%tIJ sel ec'?i vely t ran?f erring

t he tr aarsign ldsayem befortiataiyphesfukasttheradiation|sgyee. Easerselces #€4%n a
donor 5 substrate that, in, essence cts.as te rary .l j that can be
rel gase‘EPTﬁE%t’@Fe ‘Fﬁ}éh?ﬁé?ﬁeéﬁl P‘%ﬁg’iﬁtqs e'goﬂt“éétalela ’fng'qafn]?le%llé% %Ed substrat e,
typi cal bnitlubll e 0Pkt 3 (chea00Gim tREICESYIRide SHed)a et hod,

referred to as llamnation transfer,” can be used fo transfer the entire
transfer | ayBuringimazihgrthedmortsheet dahdedoiught mte insimate eprtest witthe node of

hoats ngreeRppEyB B g BEba e Fragrabrn etdck BB pERE Y B nor

the t ypﬁlleonor sheet can be spaced some distance from the receptor (as can be the case for

ablative transfer mechanisms or material sublimation transfer mechanisms). In at least
some instances, pressure or vacuum can be used to hold the donor sheet in intimate
contact with the receptor. In some instances, a mask can be placed between the donor
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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materials and properties of the optional LTHC layer, the type of FEg 2006
mat eri alyg dsanbye transfer layer, the overall constructi gprRisei/ g ﬁonor
the type of receptor substrate, and the |like. Wthout wi shing to be bound
by any theory, transfer generally occurs via one or nore nechani sns, one
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donor echn I'que a mask),

hi gh- povyepﬁdtel Stk o$ myreeeﬁsmﬁ different @@ﬂﬂﬂﬁheéisaMulhﬁlist@dkd chASBOSE are
useful . For digqital Img?@% techni ques, infrared, 25 WO 031017731 1 0 F E

B 2006 trayfeosg 25 asueze F qs|ve1tf@9mal§male@mr@lemea§ei?er BB Aokl ar | y
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solid staxamplaasesidoddactivedlyAés a@ﬂ(inl‘ddn?/sh@ 1ayd:m& ibe esmisfegred from a

single donor. Multiple donor sheets can also be used to form separate components in

the same layer on the receptor. For example, three different donors that each have a
transfer layer comprising a LEP capable of emutting a different color (for example, red,

20  green, and biue) can be used to form RGB sub-pixel OEL devices for a full color
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 patteming 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,



dwel | tinmes can vary widely from for exanple, a few hundredt hf[]‘ﬂ{g 2006

m croseconds to 5 tens of m croseconds or nore, and |aser fluences can be
in the wengeifspm for exanple, about 0.01 to about 5 JpCcTRISG13d6T €.

Ot her radiation sources and irradiation conditions can be suitable based
on, anong ot her things, the donor element construction, the transfer

| ayer material, the node of thermal nass transfer, and other such

f act or s othwidayers efrmsisorlsiradensiy pattarned ety thesregeppdr kyitheamy trangfea pr
patterning el.ement 0 for hi.gh informati.on gontent .di,spla n t her
Dhich apgPieaig resies (e, foyalSigelhi o BROUAN ol R, 409, &

par ti cuharibyy dfehetcobihdiRdnt BEHAS bORRAIINGL shdeBS@h bRAMES RSfopn@ al SO
conpatible with both large rigid substrates (e.g., 1 mx 1 in x 1.1 mm

gl ass) aeuice,cranh idonenusheot fosmast e o inpare paligne af 8 dewiag. It wlbbg . m t hi ck
pol yi m de .sheet.s) . ring.inmaging, .the donor sheet can, be brought jinto
ot ot SR0GORE PhaothrpoTio ol s YIS B e’ SRssatye Fedh e ekt or

t her mal -iS ﬁi‘éﬁrﬁ‘ ' . : an be spaced
sone di gﬁ%égelﬁf‘*% %e ecﬁe%%?%gﬁzﬁé%éggémtcwgﬁ%% e ?lél?lngggllllgt ive

t r ansf eprovesdeanink pet procaseese andabarsub biheapiionng cameflebased phaeswss) . | n at

| east sq1 i NSt ances, )gre sure or vaﬁg}u can be used to hold the donor
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can be renovab can refmal n on eceptor after transfer. If a
| i ght-t dedveibed.converter nmaterial is present in the donor, radiation

source can then pe used to heat the LTHC | ayer (or .ot her |ayer/(s)
cont ai ni ng r ddCAMEHSUBEHEG4 8P PR 2R LTRY W-s@% SR %Ofé?qb(’rap@i tally

or by, a h i o r or
ont oy a0 BERRSIE Sich P tinhe, JBtpcthyilfl RECHHORITYY TROTH R IIGIRTES

r ecept omapitggdneaPEN) fHaise Howekvpn rothieo fidme fvithhea ficientipacall ppyerties; e
transferred_to.the receptor _w.thout transferring, significant portions of
the ot hé‘?C?‘i“H’}%Plsp“thmsﬁ%E%h%ﬁh%ﬁébﬁ parigilar Wavelg %Pg{féffnt F’FFFE‘?‘P%}er or
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described below, the inclusion of an underlayer between the substrate and an LTHC
20  layer can be used fo 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  underiayer 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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exanpl e,p ?RJ ayer evices C transterring separate
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Mul tilayer stacks can also be transferred as a single transfer unit from

a si ngl eutldrats. Bichrmnmdeftayer eearhs used & inoteasellBat flawdpdha trangfesdayehd a LEP
| ayer cg_n be c?-ﬁﬂr.ansfer{l?ed froma si ng}l féio(@or. As anot her exanple, a
sem cond BTG HHREP VLG IRASEE S Iogfs)ef YEX be co-transferred froma
si nghe donor .TH{indkiMyRr FsSIRERIE nibddtiall BOtHes Me@ddnical properisepafort e

conponents in the sane |ayer on the receptor. For exanple, three
di f f er eradherioobgsweethesabsiraeand the LTTHAsVaing lap paderdaysptias improyes Ep

bl it di ff | le. . 20, d
bi o) cabseon e, B op e B pp 18 SAL0TRf in o5F vistro S5 p o
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conductive or sem conductive polymer can be Bat terned via thernal
t r ansf ereducesrpoeignigaies delanfipationmsdeparatian efche L& HChiayera forrexamplce thaf

O S2L Sl Y2588 PG 16 cSR0Fi bRl Yyl o=
telr 2&5: Iszdaf :b;ﬁ;ﬁgdgtd:i’ssoerﬁ@ﬁ leRhibREd by napifectd yatibhesiat thidasheer. ah other
: cases, however it may be desirable to employ underlayers that promote at least some
degree of separation between or among layers during imaging, for example to produce
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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pr ocessths intemdityj cfllight reesusitied thaoahvihe ilayes totheentepsifytfibeht mcidentérn based
processes whet her conventionally used or newly devel oped. Referring
back tthfl@{?F-e 2, various |layers of the donor sheet 200 will now be 10

descri bec.  TREGHRAPELHRP bl Rl SAPvE BRGNS IRBLURrchishilt (IETRIE | bl €

type of pol yner mis a polyester exanpl €, polyethyl ene

t er @pht lagdraireaf BEfipn-hompgtyseblyl dstebutedp Fohet anpde, (a@EB)cribed msco-However ,
other films with sufficient optical properties, .includin '
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mechani galye 195@11%‘901{13%‘?{ er ljoﬁzf)é W#ﬁ%ﬁélﬁ&t&%?@ﬂi BePie tde
particul'ar application, can be ‘used. e donor substrateé, in at |east

sonme i nédrneksts that idvetimproved atansfiet propertics &t. g nysttear didehiy betwearettiet her eon.

The donor substrate is alsq typjcally selected fromnmaterials that
r emai n @E%P@ﬁé%%ﬁﬁﬁaé‘eﬁﬁépgﬁﬁx‘é“%é&mﬁ%‘% | ayers of the donor.

g'ﬁ\é\gsr(;;t ea:l n%ﬁg%b@{ﬁaa%qiog%t)%intgt}ﬁaﬂaﬁﬁg Ush Rianlfe, AR KAHSIE! @BTe bt ween the

visible dyes, ultraviolet dyes, infrared dyes, fluorescent dyes, and radiation-polarizing
dyes), pigments, metals, metal compouhds, metal films, and other suitable absorbing
materials. Examples of suitable radiation absorbers includes carbon black, metal
oxides, and metal sulfides. One example of a suitable LTHC layer can include 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 contaim"ng similar or
dissimilar materials. For example, an LTHC layer can be formed by vapor depostting 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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20 layer can be used to insulate the substrate from heat gener gt %E”h[{he
LTHC | aweros/odwsing 1 magi ng. The typical thickness of thepd'pjliljgmjﬁﬁ g e
ranges from0.025 to 0.15 mm preferably 0.05 to 0.1 mm although

t hi cker or thinner donor substrates may be wused. The nmaterials used to
formthe donor substrate and an optional adjacent 25 underlayer can be
sel ect edigecan typy ah\leasathesnomstantaspahout he pdosrdesss aid magitbe abowt 1t e or

under | ayer, to contro] heat transport betmﬁeg he subggrate and the
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t he subsiitlatagpasidc dlkier bnedatiag colvat, Bowell agthstwarfnltiB@nesfveen t he donor
substrate and adjacent |ayers. An optional underlayer 212 nay be coated

or ottherahf@pligR.sposed between a donor substrate and the LTHC | ayer, for

examle 1o controlAealhou ReLURED, LA, 3% R3O, G USCH/ 1] 26

substrate an ayer during i ma rovi de nmechani cal

st abi | i tapsdrBers h@xaslpRRofehitdROpighRhtsShelldgearbhiablitk agd gaphic, apwetiessi ng,
or imaging. Exanples of suitable underlayers and_nethods of providing
under | aysthalegyaniaes sidksbdithinlepes, a8d paepiemants deserikadin Abpi Faadi9on Ser  No.

09/ 743, . Th e Ve ;:can . ncl terial ' desired
mechani g%ﬁ%@“t% r%’pr’?o‘igo%(}lﬁf)%hsﬂ}?%lapg%%@%e,gslbé%%adqn@ cﬁggrgﬁé%(arrpl e, the
undep! ay@forsiaf tdepluge oTafor ek@hple! fiahzolendydiioty, didnisidiag ewl, fadnibkelt x

density or |low thermal conductivity relative to the donor substrate.
Such an agndeliowpan bertsefve Inereanicpigmenteaabalprhe usadpinciusling, foriexamplcer

T o TR SRS G R I o, Bl T 10,
or for cafhsah)mdigbdmen, hhigseuhobaatigdamg didkel lphHEdinkds phgnam, copper,| ayer
that inproves adhesion between the substrate and the LTHC. | ayer may
resul t isiveregeldgzissasiumoiron, deadnend teHumaneMetad bphRdgfe Parksde&rm@%ﬁﬁpl e, in
SONE, sC ascea.rsoo%ﬂriagsq %Hn%)é—%{rugt%dbo i&&,eﬂldtm&es structurally related to the bronze
family (e.g., WO».) may also be used.
Metal radiation absorbers may be used, either in the form of particles, as
described for instance 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 tellurtum 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, po_lyacrylates,
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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Gonor sheet  ComtmopefefiRy atsob i St HipRaT08 e HhRh b ues
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Fatat bt GG cafihs Dntebi lein Ry Rt st et Sl €%0°
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15 0.0005 to 10 um, and preferably, 0.001 to 1 um.

Referring again to Figure 2, an optional interlayer 216 may be disposed between
the LTHC layer 214 and transfer layer 218. The interlayer can be used, for example, to
minimize damage and contamination of the transferred portion of the fransfer layer and
may also reduce distortion in the transferred portion of the transfer layer. The

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 dﬁring 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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the layer. Radiation absorber material can be uniformy di sposdd FEB 2006
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material. When di spersed_partjcul ate radiation ]%télsugrb rs_are used, the
particle 30 ViDreamo TrteElqutablo@s 1tclaysT Feyials Srfop XAl PERYS: |

somg i nztag %%des,alpng’if sutBddd Hd inBRRini A dPebalRe2RRNIdidg thoBR Rfaterials

that are highly transmissive or reflective at the imaging light wavelength. These

materials may be applied to the light-to-heat-conversion layer via conventional
techniques (e.g., vacuum sputtering, vacuum evaporation, or plasma jet deposition).
The interlayer may provide a number of benefits. The interlayer may be a
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 interayer and the transfer layer
relative to the temperature attained in the LTHC layer. This may impiové 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 i 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 interiayers, the thickness of the interlayer typically is
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telluriumand Zinc. use int ‘o ayer include
filmfaigrng pol yners, such as for exanple, phenol ic resins (e.g.,
novol ak and resol e resins), polyvinyl butyral res poI i nyl
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have begfon-gblyiRpicherg aﬁﬁ|m1&€ﬂ‘iillhai forms mmsfp}mkeﬁhatrﬂchilﬁart\xﬁ'shs uch as
photoinitiators may also be included to facilitate crossl I nki f the

LTHC bi thessfer layers Give Pesrsanmeios copleamitatie rapsferjaysrdhgt igeludes using a
Coafé ngoroctth&@%[% h@@g:ngosit DRIt ﬁ%ht%ﬂ'ﬁ{gerfxﬁte% FoRALLPEBroRRiygTer . The

i ncl'usi on o resin yner may Inprove, in at
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coatability) of the LTHC - .. .
orgafic material onto the donor to form an amorphous matrix containing the light
emitting material. In this method, the light emitting material and the non-polymeric,
organic material can 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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| ayer. It is thought that a thernoplastic resin may inprove t hd Ua%lﬁ‘ﬁe@iﬂﬁnn
of the wdHleoitrayer to the donor substrate. |In one enbodimeEnusoziBeasbi nder
includes 25 to 50 wt.% 31 1 0 FEB 2006 WO 03/ 017731 PCT/ US02/ 13463
(excluding the sol vent when cal cul ati ng wei ght percent) thernoplastic
resin, and, preferably, 30 to 45 w. % thernopl astic resin, although

| ower anmistraesoitable fompican displays sethresrhapiberysisbdisplaygor emissive 15 wt . 99 .
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The LTHC |l ayer nay be coated onto the donor “substrate using a variety of
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thi ckness in the range of 15 0.0005 to 10 m "and preferably, 0.001 to 1
m Réf ertransfgrrad & thetflexitile substrate afier bping foratedi omt tetppeary 2amiensipsiyate.

di sposed, bet wee t he, LTHC .| r 214 and transfer er 218, e
"t or | 2y SR PO SR U &y R BT oA e S bR TPl
cont am ye%gv_lafe ﬂa?_ﬁthhfai’é)?%&?éﬁgor&@é fekiRg, flydiBen %ésaﬂ,s@yvih%am@nd nmay
al so reduce distortion in the transferred portion of the transfer |ayer.
The 20 i{nigepbbyaryl ablpride.qwlyvinylidene ehlonde,quthpanyracetals; gie.)t sedinboser | ayer

Pt 1, 53 pREs 1, S8R 3R PHBO R s pLEL SRS, O
chens caldoyyal@roMBRSBed B8 Qppohe. FoPMAKEs OFIN dd HIBstic fRBstdted)itasbffed 0 an
extent that renders the transferred i mage non-functional. The interlayer
t ypi cal |dgsirabdgvigiinsluiin a bertea dlmwirichatintgeon 4T hejtesuréages akithe REAsE¢ ansf er
process & graitestoq)%tect the organic light emitting devices and their electrodes from
exposure to undesired levels of water, oxygen, and the like.
Receptor substrates can be pre-patterned with any one or more of electrodes,
20 transisiors, capacttors, 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 Iight 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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25 substantially transferred with the transfer layer. Suitablet(fEB 2006
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mat er i abSteshl bémeRsuk AL withSBie koddiett N o0kl @Y fioded o2 BleCiroicyeeiter
preferably 50 C or greater. In sonme to enbodinents, the interlayer

i ncloudeAny othee switableassmiseustionds aksb contgmpiaied by the pjeseat Ve  any
tenperature attained in the transfer |ayer ring impging interlayer
may be eithdto% : g‘i“v@@%ﬁ?@bﬁ% © f%'%lﬁggt(ﬁo\g)é',mn%?‘{y;o‘?‘rseéﬂggh%i nati on
t her eof 1,3t ldRGrdblEBipoditiodbpabhalholiizet ST Whdtwed Bedibht Smivtihe devites

suitable as interlayer materials’include, for exanple, netals, 15 netal
oxi des, anbs mlewsylf61 ekegiplateenhanesytaniconteast bbihe displavngs exemelandi ng t hose

T A ENTE A T e L
I ot - t gahEAtcorQRAEERY Vek@MBS thel pdnérand@Riri@val illustrated in Figure 3. Some
of those constructions are discussed as follows.

OEL backlights can include emissive layers. Constructions can include bare or
circuitized substrates, anodes, cathodes, hole transport layers, electron transport layers,
hole injection layers, electron injection layers, emissive layers, color changing layers,

20 and other layers and materials suitable in OEL devices. Constructions can also include
polarizers, diffusers, light guides, lenses, light control films, brightness enhancement
fitms, 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 ]ike; 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, color
changing layers, and other layers and materials suitable in OEL devices. Constructions

can also include polarizers, diffusers, light guides, lenses, light controt filrms,
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techni ques (e.g., vacuum sputtering, vacuum evaporation, or pl WEBQUUB
deposi twgn,)w]fﬁbe interlayer may provide a nunber of bean(g]t/gsgz}l'g
interlayer may be a 20 barrier against the transfer of nmateri al fromthe
| i ght-to-heat conversion layer. It nay also nodulate the tenperature
attained in the transfer layer so that thermally unstable naterials can
be tr ansfighthesd.enkancemeanfilnes, ammémtheuﬂlmﬂaeatlmnmande aaplacnrtdecram di f fuser
to control the tenperature the |ntqe+%fgace betwe e inter r and

e {1 AlRSTRSHE EaRnSY, e RPN (b AP BRI B8 (5 AP ANH AR OCRITDT

| ayer i 15?{ Q8D edge
roughne%—@m@.&f 0 et el%%]grnéslg 2%’?% élsélay§ Sr%ﬁlgﬁglggﬁgi 0 §]ian irnterl ayer
may al s&tfv%&ﬂdttmidﬁsﬁlammhm@a;ﬂhahtdmatdrdampyaspartblﬁaartinmgs&’fteﬂrt&iqdayrat erial.
The interlayer may contajn additiv

cl
photfi ni&§ a¢dkBhong Gisplaye ki hrge mﬁ‘*@“?@i@ésp aé(lt; & o8 ,zaeﬁgra? QPIBB%‘{Iwaa. ds.
The thi H(etc, 5t RhvihBS bkl A8l rilfber gﬁﬁ%’lﬁ)e‘%ﬂcﬂ AGheY Be SiiGhIeFSr T Of

exanpl e, The nmaterfal e I nterlayer materi1dl and 30 properties
of the b&ditibor diysiny uiddgandéeendin] digpisy gpmjationses of the transfer layer, the
wavel ength of the inmaging _radi at| on, an t he dur ati on. of exposur e of the
donor sheet thgh resalgiipy igRlpycanipslude PRSI CilteEs | GORSFUCHQUR£2R hi ckness

of e LPhSRLAKEL dRiibah Lbdaied odlh Eafil? 008 LR Rkt Heorron

PCTI US0ZF e range o m For® 1 nofganic

i nt gy | apghispoftagers, hmtmjecﬁﬁn rBtal eleaﬁmmgmdonﬂn)ersl emissie layehs color ckness
of the interl ayer typ| cal Iy is in the ran

Ref er r i plpnging layers sodgthe [ayersandastgpl StSP Bnggymgﬁg,pqngtqu]anaded in
donor 5 Sheigcg n%ﬂl%e ﬁagﬁgse&lfﬂh@éﬁrh%o%uﬁﬁg lleﬁb%lsq t Bhfrot Wirh@lPl € materi al

or mat efit I'h on ers, one or I n conbination
w th ot Bﬂghtﬁ&és@imai@me'ﬁtﬁlmsf anid theyide. %’J@hcaimonsapﬁbdleeaouwe bepasgivsel ectivel y

transferred as a unit or ortions any suitable nsf chanl sm
Whon t hEaenBGolaTar e colBs Baer et T ?rela%mﬁsgn? B op Bl For
r ad#/% £ ![ ggpfaggélu%ﬁgglﬁgntg&’ 31‘])_#21%1c l?ﬁ(dl!:dtm aﬁas&QHH@JeHQfanﬁ‘i@i 8fhizgh and

con eat resent nt i n contenplates a transfer
| ayer t hablutiotldediess plub tigirhal hot stamp of 1cons on the same substrate); and security

display applications.

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 {/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: 100scem
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emtting, charge transporting, charge bl ocking, or sem conducti ARG FEB 2006
mat eri al disposed in a non-polyneric, organic material that forms an
anor phovis osret7731x as part of the transfer layer. The pr cRENUS &Rt i on
contenpl ates a transfer layer that includes a LEP 15 or other I|ight
emtting nolecules as the light emtting material. One way of providing

the transfer layer is by solution coating the |jight emtting material and
non- pol ymer i Ty obteingsesntondriace 68), Bietld G fras %llSﬁQﬁd Hlﬁﬁn}ﬁ‘ﬁ?ﬁtg%sr phous
matri x contai,ni ng the light L ri : j d, the light
emtti ﬁﬁscr?é’t‘:g&l?ra&eé’ﬁﬁ”fﬂ IR ﬁg%lgio;tfﬁgﬁag?(t&br%gﬁ?dé&e tg? !l I?gn be

sol ubi li{.2e6ehYimadtdT esludibn ECHWE MDA @n BagpeA () LevakhseanGemaany, 20 coat ed
onto the alignnent |ayer by spin-coating, gravure coating,  ,mayer rod
coat i ngtilutddni:1 evitodaipmigedawaterkwad filkesed %@B‘Fﬂﬁéﬁ@feﬂgb% rably does

not undesira i nterac W th ., .S or., di V. t he

al réad)Pué@dlﬁ‘-’tbliLNyn64§éz%%Qixpﬁoﬁyﬁm@eggﬁgﬁy@%@%ﬂ Hté)%égg{)isﬁés‘%% @%en be
anneal ed I fg,p_ﬁ,r ; bo@Sneforl38yeseldmgtai ni ng
an armrSBR use% Fll&gsﬁgﬁmﬁ% t a%?%?ﬁlg%%g‘?ﬂ?g%tt%en be 0srel e?ti?vgjlg;

t her malgpyotrapshaknes dfr4ommh hell dotersubetaemeneretheatrdto 380 Mafey | ocat ed

receptor substrate. There can be, if desired, nore than one transfer
| ayer sointtestundemmitroR¢myer construction is transferred using a single

donor sheet.,. The. addit.ion f r ks nmor phous,
non- pol ymer i £0 © traH’arr‘?f’%ptmf‘r%{’?#aic%(E@Fq%s??n%fme‘?ascn@g?ﬁ% cgﬂ@'ﬁg a?ecept or
subgt 1 a8 Bun BEURPrepdraiobl readphe sueface(B0 Ahertthe sitstratp pad cenledna

i ncluding, but not lTimted to, glass, transparent fj o, Peflective

i1 s, whitansf oERATI0SAGSS0, Bl Sradt ¢ e Jpa»tere%&wg?e@ (Feedpt or
substrates may t ype of, substr or__di qyne suitable for
di spl ayoRISpE i“’@a%?@@%ﬁe%gﬁ%@ ) @Ea‘ﬂ“?%‘%%‘% og%g S0 5%

PCT/ US : i OTSHaidd W aibayste Shehsubstrite qui d
crysta?%ﬁ%@lféggﬁyeﬁ%?ggﬂﬁégiﬁ i nclude rigid or flexiple

subst r akesspunaHeadwayp Rostasait spaidogter) andifi0gsm or 88 spngipean mghda

Exanpl es, of . sui tab%tg rigid receptors include glass and rigid plastic that
ar el colefhighnessp YPBd with indiumtin oxide or are circuitized with

| ow tenperature poly 5 silicon (LTPS) or other transistor structures,

i ncludi ng organic transistors. )
Example 2: Preparation of a Donor Sheet without Transfer Lavyer

A thermal transfer donor sheet was prepared in the following manner.
An LTHC solution, given in Table 1, 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 Ceating Solution
. . Parts by
Component Trade Designation Weight
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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Suitable flexible substrates include substantially clear and traf$tiBs8ibve
pol ymeryofyslofFrsg refl ective films, transflective filnms, patmuseiogsfilms,
mul tilayer optical filns, and the like. Flexible substrates can al so be
~coated or patterned with electrode materials or transistors, for exanple
t ransi st or arrays formed directly on the flexible suhstrate or 10
transferred aglghctllggﬂf | exi bl e substrat el afuatk268i%hg fprnees or] a tenporary
carrier substfate <di é‘thy abi "Fl(’¢" ymer —substrat S rnclude potlyest er base
(e.g., poly g Fistimely i:)po  halat e, polhy@vlh)lﬁ%(ﬁe naphth#l at'e)
L {potbho my_lphexy ano ] ! !
pol ycar bon S 1T T est , B§'1¥ Syl esdpzs (e.0.,
pol yvi nyl Hrlmiﬁoéi?@yd%ﬂﬁieﬁ)(}lk?tﬂ’éne ch JeiS hol yvi hyl "H#cetlal s, etc.),
cel | ul ose e;lsgu%odgases (e 9, cellulose triacetate, { cabBul gse acetate),
and ot her ¢enventt+onal pot yet rc s used as SJp% [s.| For maki ng
CELs on pl i iS‘EZi‘EO@MWS.‘EOé@ yleﬁ:eziagctaéq:ten desirable el dde a barrier
filmor coating on one or both surfaces of the plastic substrate to
protect the &tagairromidgidbi@iChdicelnCp. ddaniac@s and their el ectrodes from
exposure to Fhegistlyfech ShlatiaddesStdbuidPer , oxygen, and the |ike. Receptor
substrat es c&hviileblgoe-Spatdmspmiedbniiict Racgpay¥lone or nore of el ectrodes, 20
transi stors, “Cagiadd togrBsk-Cliemis Yba\alinafirhEl spacers, color filters, black
matri x, hole ‘stavaaléqf@Manlﬁsa!yMFnSlSaﬂél‘”fe@f*‘?t&mg?? ShEPOM | ayers, and ot her
el enent s useﬁ%almmﬁowl@@ﬁﬁﬁﬁF’eﬂdi%%Pﬁf ot her devices. The present
y

(s

E.‘._)

i nventi on cor}assiptlefoadClsivis neAfpmpli em tting OEL di splays and
devices. In ogrf’éa‘lé‘?lfofﬁ’m r(f‘t’"gy@ﬁée s can be nmde that enmit |ight and
t hatjphave 25 adj acent devices that can emt | | ght having different

col or. For exarrpl e, ure 3 sho CEL di s a 00 t ihcl a
plurality of Mgt WR‘? 31'35’()’3@?%3;@%&%3[ Wﬁsﬁoa tﬁ? 8“@33%%,?%” ?i

devi ces d 7 ﬂ'x'ef&fa%ﬁ?S'é k@é@C&at@xf Mo CAGEh80,safar at i on
shown be%%gﬁ%%)?%a{e{@ %&%tﬁ?cg fnflﬁ | ust ratl ve purposes only. Adjacent
devi ces ammi¢régranapasikhadng il 80 he:irwh@tll,s pev Bn¢ad pihn J higeqating gfas dpfifer ent 30
conmbi nations of thes n&)re than one direction on the display

subst r atdgied php0° %%‘&?‘r@f‘}ecura pattern of parallel striped transparent

conq ctive anodes can be forned on the substrate followed by a striped

pattérn of a hole transport material and a striped 35 10FEB2006
TABLE II: Interlayer Coating Solution

Parts by

Component Weight
SR 351 HP (trimethylolpropane triacrylate 14.85
ester, available from Sartomer, Exton, PA)
Butvar B-98 0.93
Joneryl 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 Laver
The followmg solutions were prepared:
20 () Covion green. Covion Green PPV Polymer HB 1270 (100 mg) from

Covion Organic Semiconductors GmbH, Frankfurt, Germany was wel ighed out into an

amber vial with a PTFE cap. To this was added 9.9g of Toluene (HPLC grade obtained
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WD 03/ 017731 PCT/ U502/ 13463 repeating pattern of red, green, and 3] % g
light emtting LEP | ayers, followed by a striped pattern of cat ég 00

t he catvwodeostsi pes oriented perpendicul ar to the anode PEI/UBEES463SUCh a
construction may be suitable for form ng passive matrix displays. In

ot her enbodi nents, transparent conductive anode pads can be provided in a
two 5 di nensional Eattern on the substrate and associ ated w th addressing

el ectro O&Am emisab Milwankes. Wl andhe vl sontaupntbe sphitiop ias plaggdn as
are sui tmalg 2 r%d%c;[ e%‘%rﬂg ?7:5; rc( ?or%tmm eg' %ﬂl %P Sol% ne\riva!; ﬁ%? gg ’tharjg{}gllx gd' ng

the lig Iayer can hen e coated-or deposi Single

| ayer ok 4309 RabbacRetPHig e fral l el stripes, tvvo di mensi onal
pattern comnsuﬁﬁt%ﬂw tﬁi’t)hgﬂnagnodesr etc.) over the anodes or electronic

devi ces. 10 Aby otQeviossupabyeiosoGiviacPDdni3%“Simo Yetowd ffinmg)edady t he
present ipvention. In one e n dis 300 ¢ |.ti pl e color
di spf ay Wepgh gl?é‘ﬁmt?tan AT K@ H@bgﬁ’gﬁ%w@o%ﬁﬁ Wé%a %&éﬁr%jo §%er 330
bet ween i i f ance
t he conp%[b ?%?&Q%ﬁ %gp ayg‘%n&g%eeﬁg a?)aan\ﬁ aﬁ%ﬁ'&i arrre?ti%%eac ‘%(a)é % e

devi ces o3d&flighti The bolgtibn whb dilteredrtkronpin Sqinsmmmrea]qﬂlléﬁs;,dmge ci¢tsr.
construction illustrated in_ Figure

constructl ons covered by the general
3. Some of {Hose BERATACt Immcwﬂéner‘%welse%emfmmw 648R 1 ght s
can 'ncbyﬁaxgdg%ﬁfer (?mll@xg;] gg%g}égﬁﬁ dée ho &%Q%w%eﬁ@ K Toluene

circuitized ransport ers, electron

t r ang po(HPL@eads obthimke fion emohmﬂeayﬁlsmmm‘ee ORI ritecbluionlveaser s,
em ssive layers, color chang mq | ayers, 20 and other |ayers and materials
sui t abl &edt @ELS Hewhelestirmmeislirons @ﬂba&aﬂ@r 36 seinpiee! dhe hotrelyion uess

ennanceriared el & EdemaP et "I sERP bRoRIEBR B o or i ngl e
col or Iarge Sa)ea SLBGhE PRI Choiq b B0Sner Ok GXARRAABOR: Abu

material is provi stanp transt am nafii on ‘transtfer,
resisti (/Ea'plhmazdi—fﬂrt-jdeﬁﬂfdl-(lplr dmmathﬁethgbphdwl)l-] kd- omdlazeleoavasiahkglfearcol or 25

el odg 5 Ak aieirL Cp, ATy IR WIF TE il by e 08 Pbou o

transf ebyaqandtdindieRbe AR CReidal) € The k&1aHOR s |sAfr8e f&rzeaﬂnafa@,%nd
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 III. To obtain the blends, the above
described solutions were mixed at the eppropﬁate 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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Low resolution CEL displays can include em ssive |ayers. Const # dFEBIA%
can i nglugeibgie or circuitized substrates, anodes, catpogesenRe

transport |ayers, electron 30 transport |ayers, hol e i njection |ayers,
el ectron injection layers, emissive layers, color changing |ayers, and
other layers and materials suitable in OEL devices. Constructions can
al so inciude polarizers, diffusersTableght guides, |enses, light contro
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- oxide (gl scan lens as part of a near-telecentric configuration. The laser energy density was

10

15

2

0.4 to 0.8 J/cm”. The laser spot size, measured at the 1/e? 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 irr}aging are

given in Table IV.
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only; (B) PDOT (poly(3,4-ethylenedioxythiophene)) on ITG anqg ((f® 0IDATA
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Example 9: Preparation of OFEL Devices

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
400 A
4000 A

Rate
1.1 A/s
5.0 A/s

Coating time

Ca
Ag

5min 5Sls

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



15 fil mthickness of 40 nm Examle 2: Preparation of a Donor SQ EB 2006
W t houtwareassier Layer A thermal transfer donor sheet wascpUSRA EE In the
foll owi ng manner. An LTHC solution, given in Table I, was coated onto a
0.1 nun thick 20 polyethylene terapthalate (PET) filmsubstrate from
Teijin (Cs k% Jgfgn). Coating was perfornmed using a Yasui Seiki Lab
Coat er, pHeableckdl herradifyiapparantip diasgphsiitlan thegart towhigh fistprasent cal cel | s

per lineal.i:nch. 4; i jed at 80C and cured
under ul reélit/l?g[%e?l}-%ﬂﬂ;& %tglgyn&qaﬁﬁhﬁﬁl#ﬁﬁﬁ%—k Coat i ng Sol ution
Conponent Tr adiachestigngdtémnnPatdns dbyunbbits) bbd pasiationd a6 HoGrHRBYen 760
Utra (1)3.55 polyvinyl butyral resinButvar B-98 (2)0.63 acrylic

r esi nJangoyporgted intpthigglogimset asaheprogipeedbipidulle 1 (4) 0. 32 sur f act ant FG- 430
(5)0.01 epoxy novol ac acryl at eEbecryl 629 7012.09 38 WD 03/017731 1 O F
EB 2606 PCT/ US02/ 13463 acrylic resinElvacite 2669 (7)8.06

2-benzyl - 2- (di net hyl am no)-1-(4- lrgacure 369 cs)0.82 (norpholinyl
phenyl ) butanone 1-hydroxycycl ohexyl phenyl ketonelrgacure 184 (g)0.12
2- but anone45. 31 1, 2- propanedi ol nononet hyl ether acetate27.19 (1)

avai | abl e from Col unbi an Chem cals Co., Atlanta, GA
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(2) available from Solutia Inc., St. Louis, MO (3) avail able fro%équ%%
Johnson & Son, Inc., Racine, W 5 (4) available from Byk-Chem e "

wal lingford, CT (s) available from M nnesota M ning and Manufacturing
Co., St. Paul, MN "available fromUCB Radcure Inc., N Augusta, SC (7)
available fromICl Acrylics Inc., MIpAIMS TN (8) available from

Ci ba-CGeigy Corp., Tarrytown, NY 10 Next, an interlayer, given in Table
Li, was coated onto the cured LTHC | ayer by a rotogravure coating nethod
using the Yasui Seiki Lab Coater, Mdel CAG 150, with a mcrogravure

roll having 1 hel i . cel | er |ineal. inch. This coating was in-line
dried at I1'60C g‘glacl%yc}g%lplggsceﬂgde?%&g)m?r:m?%t erl ayer Coating Solution

Conponent Par t 5 fibyt eWetrgié; SR 351 HP (trinethyl ol propane triacrylate 14.85
ester, available from Sartoner Exton, PA) Butvar B-980.93 Joncryl 672.78
| rgacure 36912 3%ondgleetrpde; #840. 19 2- but anone48. 00

- - 2- DE- ). 3 : i f | uti f
L et o> prggeOik s A SRyl BRSO
green. Cawittig Iy eedonttiéimodry aorphbus] agﬂ-pﬁmri@%}%ﬁxﬁ@ﬂ%&m.ﬁtﬁ@ 1@hpani c

Sem conduct ors GnbH, Frankfurt, Germany was wei ghed out into an
emitting polymer disposed in the matrix.

2. The electroluminescent device of claim 1, wherein the matrix comprises at least

one amorphous, non-polymeric, organic compound selected from
R
L, O
R sy,
@l o
; C

R

R

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

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

3. The electroluminescent device of claim 1, wherein the matrix comprises at least

one amorphous, non-polymeric, organic dendrimer.

4. The electroluminescent device of claim 1, wherein the matrix comprises an

amorphous, non-polymeric, organic spiro compound.

5. The electroluminescent device of claim 1, wherein the amorphous, non-

polymeric, organic matrix comprises a hole transport material.
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anber vial wwth a PTFE cap. To this was added 9.9g of Tol uene (Hi’:ﬁi@rﬂﬁte
obt ai ned 39 WO 03/017731 10 F E B 2006 PCT/US(12/13-163 from Al dri

Chem cal, MI|waukee, W ). The vial containing the solution was pl aced
into a silicone oil bath at 75 "C for 60 mnutes. The hot sol ution was
filteredsthr opgdelactrduthinedtenPiyREOHIARe], (Wildkeif Yiid 4488rphbhd, 8bn-pofyineEeVi on
super yellow. Covion PDY 132 "Super Yellow' (75ng) was 5 weighed out into
an anberorginit nwittix comPITRE ap gfectrPn trangportpaiendlded 9. 925g of Tol uene

(H PLC grade obtained fromAldrich Chemcals) and a stir bar. The
solution was stirred overnight. The solution was filtered through a 5m
M 11ipore MIteXelgstidl@ehebddnt 8vicd 60 claPA Wherdiltatofe GRIXpaH Defteri@Sr Wei ghed
out 100r’3ﬂ;nTDATA (CSA 3939 available fromH W Sands Corp, Jupiter, FL).
To this roadoiadp@t pgtestal Faillspeisposgdwithipl the gmathovbtreinrpedyrheneonghaici ch
Chem cal ; M |waukee, W). The solution was heated at 75 C while stirring
in sili c')B"r’HtE‘xoil bath for 25 m nutes. The hot solution was filtered

t hrough a What man Puradi sc 0.45 m Pol ypropyl ene (PP) filter. (d) t-Butyl
PBD. Into a container was weighted out 100ng t-butyl PBD (2-

( bi phenyd.- 4- yA)m&hgdiof making ametganicetlénptojwhisnsdent disgdan onsemdéea thel regthod

avai l able from 15 Aldrich Chem cal Co., MIwaukee, W). To this was added
3.9g of *POIRIBME-W.C grade obtained from Al drich Chenicals). The solution
was stirred fghyiingt BoHd@Shé@Rdombtitihe h86bdnfeliah Fandiat iR dBYsRdiIRC Tm

0. 45m Pol ypropyl ene (PP) filter. Exanples 4-8: Preparati‘on of Transfer
Layer s ahe BomstrateSHedtanaied lapenersipising armamerphews, n@® pbhyeris, offepiadizbt-
Layers were.fo d on the donor sheets of anpl e 2 using blends of the
Soi ut § orh i EddrE" s 8 HRA N Gt To obtai n the bl ends, the
above descripgd; MdcOpter;wRAe m xed at the appropriate ratios and the
resulting blend solutions were stirred for 20 mn at roomtenperature.
25 The transfermallyeransieeneg afilegsos drtion of e tdanstar layiee 1 thelsgceppirnni ng

( Headway

0. The method of claim 8, wherein the donor sheet further comprises a light-to-heat

conversion layer disposed between the substrate and the transfer layer.

10, The method of claim 9, wherein the donor sheet further comprises an interlayer

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

11.  The method of the claim 9, wherein the donor sheet further comprises an

underlayer disposed between the substrate and the light-to-heat conversion layer.

12.  The method of claim 8, wherein the transfer layer comprises more than one layer.
13. The method of claim 8, wherein the transfer layer is solution coated on the
substrate.

14.  The method of claim 8, wherein the donor sheet is directly heated to thermally

transfer at least a portion of the transfer layer to the receptor.
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Research spincoater) at about 2000 rpmfor 30 s to yield a filmthickness
of approxi mately 100 nm 40 10FEB2006 WD 03/017731 Table 111 PAdt & Bl
Wei ght of Transfer Layer Conpositions PCT/ US02/ 13463 Exanpl e No. Covi on

G eenCovi on Super nTDATAt -butyl PBD Yell ow 41--2 52--5 61--3 71-11 8-13-

Donor shegts P pediddofdlaim 8ExasRIethe dofloMbeet iDepEE td MhapisodagibnWi th 5
receptor substrates as prepared in Exanple 1. Next, the donors were inaged

usi ng t vibat is conjrestediate hrar ty Agrmal e trensfgea deashy porion sl thetranséer dayentp a
system otthI i near gal vanoneters, with the conbined | aser beans focused

onto t he'F AEGE'

bl ane using an f- theta scan lens as part of a
near-telecentric configuration. The | aser energy density was 0.4 to 0.8
J/cn2. The | aser spot size, nmeasured at the 1/e2 intensity, was 30 10

m cromet Hr.s bYhamethei of olaimdSswhatisin the demer shegdurtbgraompsisets tightgdicat

adj ustabl e between 10 and 30, neters r.secan nmeasured at the inmage

pl ane. T‘f?é‘VFrékoé'\r,Yg%eﬁ&gﬁfggvena?]?%g?a&dn%%gﬁgﬂﬂi' qﬂ?’ﬁ?t‘ to the major

di spl acenent direction with about a 100 pm anplitude. The transfer |ayers
were transferred as lines onto the receptor substrates, and the intended
wi dt h of 1T he Thewmsthadsfglaotl 61 @benginthe fhronshegis$ expdsay to snagingradiatinaf er r ed

in a series of lines that were in overlying registry with the I1TO stri pes
on the r@&%"ﬁ?‘@rm strates. The results of inmmging are

18.  The method of claim 16, wherein the donor sheet is exposed to imaging radiation

generated by a laser.

19.  The method of claim 15, wherein the donor sheet and the receptor are brought
into intimate contact during thermal transfer of at least a portion of the transfer layer to

the receptor.

20.  The method of claim 15, wherein the donor sheet is spaced from the receptor

during thermal transfer of at least a portion of the transfer layer to the receptor.
21.  The method of claim 15, wherein at least a portion of the transfer layer is
thermally transferred to the receptor in an imagewise fashion to form a pattern on the

receptor.

22.  The method of claim 8, wherein the electrically active material produces,

conducts or semi-conducts a charge carrier.

23.  The method of c¢laim 8, wherein the electrically active material comprises a hole

transport material.
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given in Table IV. 41 1 0 F E B 2006 WO 03/017731 Table 1V Result@ Eg 6
Transfer PCT/US02/13-163 Exanpl e No. Substrate (A) Substrate (B) Su tF 12%0
(O 1 TA TA PDOTI TQ PDOT/ MIDATA 4excel I ent transfer;spotty transfer,
noexcel l ent transfer; good excellent edgecontinuous |inesedge quality
qual ity SaxcelhemethdPodam §RMdrdin thcadedtAtallyRa¥E flate@d céhpAsdsan; good
excel | ent edgecontinuous |inesedge quality quality 6excellent transfer;
spotty t ckagbriranspogxeatiidnt transfer; good excel | ent edgeconti nuous
| i nesedge quality quality 7excellent transfer;good transfer;
goodexcel | ent transfer; excellent edgeedge qualityexcellent edge quality
qual ity 8exceld glthollfnfkaiy A GHoalc blcansiupindstddiAseiet | (BOmeth@nst er; hi gh
| aser dose;sonme hol e defects;excellent edge quality excellent
edgeexcelcbmptisisgige quality quality at high | aser dose Exanple 9:
Preparation of L Devices 5 The three transfer  |ayer c ositions of
Bxanpl o5 4.6 TRIGSRERATEG RS Tarer ph gAoRE Pty B GaBF IR e
const r ucthRPrisihPa P BEbPFADRS NI ANRER, ob@NRY th&iRixAdith a light emitting material
disposed in the matrix, wherein the matrix comprises at least one amorphous, non-
polymeric, organic compound selected from

R R R

.
“Ha, 0o,
. G

R

el

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

selectively thermally transferring the transfer layer to a receptor.

26.  The method of claim 25, further comprising forming a light-to-heat 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.

27.  The method of claim 25, 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.

28.  The method of claim 25, wherein the light emitting material comprises a light

emitting polymer.

47



After transfer of the transfer |layer as described in Exanples 4, ﬁ &gﬁh@g
cat hodes were vacuum vapor deposited using the follow ng condlﬂ J

Thi cknessRat eCoating tinme Ca400 A1.1 A/ s5 mn 51 s Ag4000 A5.0 A/sl13 mn
20s 10 In all cases diode behavior and green light em ssion were
observed. The present invention should not be considered limted to the
partlcular exanpl es descri bed above, but rather should be understood to
cover al R9aspddednehod pkclaimanvhasein ke matrix fyrthen comprisenatlnest ane ached

cl ai s ri i Ient processes, as well as numerous
structur\e@l %lﬁié’\?\‘ﬁi@‘% %iﬁ%‘%@%ﬁnﬁqﬁ@éﬁ I6n may be 42 WD 03/017731 10 F E B
2006 PCT/ U502/ 13463 appllcable will be readily apparent to those of

skill in _the art to which the present invention is directed upon review
of the iASt antTh§pTé%‘h‘1’4@%‘Elfi16h29 E&@ﬁemﬂhqqlr@dpmeérﬁ@lec&dtfm docunents, and

publications cited a IS her-o incorporated into this docunent as if
reproduced in full. 3 10 F [ 7006 CLAI M5 An el ectrpol um nescent
devi ce, conprising: first electrode; a sec electr ; and a |ight

emtting |ayer di j;girriiﬂ/ first c- -Ie tyrwdes, the
light emtting |ﬁ§2ﬁ anDrph pm mer organi c
matrix with a light enlttlng pol ymer dlsposed in"tHe Matrix. 2. The
el ectro | um nescent devi c#( claim1l1, wherein the@trl X conprises at

oo

Rz
x R /~R2

S

ROR® O
/. F X /. X
Ry Rg

R Rz
R1 R1 R
2 R,
SR %
. ! l P>
R, / } N N {_\ Ry N N
'\ | oL
Rz N Rz = N =
N
J “».’Rz Ry | N =
_ A | R
R1 R1 RZ !
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one anor phous, non-polyneric, organic conpound sel ected fron1mherq| reenlb
R is independently a substituent conprising at |east one functlonal group
sel ected from al kenyl, al kenyl ene, aryl, arylene, heteroaryl, and

het eroaryl ene. 3. The electro Iuninescent device of claim1l, wherein the
matri x conprises at |east one amegphous, non-polyneric, organic
dendriner. 4. The electroluninesc device of claim11, wherein the
matri x conprises an ho polymeric, organic spiro conpound. 5.
The electrolunlnescentV vice oﬂ ngﬁzf, wherei n the anor phous, non-

pol ymeric, orgaicC I conprlsﬁs ole transport material. 44 10 F E
B 2006 6. The el sce ice of claim1l, wherein the

anor phous, non p ﬁgg}%x conprises an electron transport
material. 7. Thef,Leq%:ylunl escent device of claiml1, wherein a hole
transport naterlaJ ors/~&l ec n traﬁﬁport material is also disposed

wi thin the anorphous, Rnon- c organic matrix. 8. A nethod of

maki ng an organic el eckfoly o n‘%s di spl ayr,orardevi ce, the nethod
conprising: providing a o or b%ii conprising a substrate @ﬂd a transfer
| ayer di sposed on the s t he transf | ayer conpriking an

anor phous, non-pol yneric, e 11 *ght - Atﬂendrl nd an

el ectrically active materi aI ;Rsprovi ding a rﬁepept m, and At; iy

transferring at least a portion of the transfer layer to the feceptor. 9.
The nethod of ¢P4i'm 8, wherein &he donor sheet furt p\épnprls S
| i ght -t o- heat nversion | ayer| di sposed between the Isgbstrate l
transfer layer
further co interl aye disposed yween th i ght -t o-fie
conversion *tthe tr rNayer. 11, Jhe net of the graim9,

wherein theh donor sheet further conpmi ses"“‘anN utider fayd¥? di spo¥d bet ween

the substrate and the |ight-to-heat con%j | ayer. V©)<
JiEij)*

wherein 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 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 Ary and Ar; is independently
substituted or unsubstituted aryl or heteroaryl.
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12. The nmethod of claim@8, wherein the transfer |ayer conpris ilﬂ)@“g han
one layer. 13. The nethod of claim8, wherein the transfer Iaﬁ i

solution coated on the substrate. 14. The nethod of claim8, wherein the
donor sheet is directly heated to thermally transfer at |east a portion

of the tBansfer metivaiof ntakinean @gat lectrdlomindicdritdevi@Oahd methidde net hod of
claim8, wherein the donor sheet is exposed to inmaging radiation that is

convert e€OMpNENGeat to thermal | y transfer at | east a portion of the

transfer | ayerso][hﬁon Egﬁﬂnﬁ?act?ﬂsﬁrr lf:fyl%gﬂlil értlaggcﬁ‘gshpagaté)fthec{r@sg%{]l%_vae)l;Wher ein the

donor sheet furtner co Ises a at canver er that
conver t s céiprisifBgh Agofptbuatricdrpdlythérid) @adaniclmatrikRE B liBRcerittind Abi#Halb,
wherein the donor sheet is exposed to inaging radiation through a mask.
18. The HisPpwsd ibtheomairik aed wherein the donor sheet is exposed to i maging

radiation  geuarahesl ol ARt S iEnlFE! DO @ CLALIP AR hgrel n the

donor sheet a € recep are ug i nt’i e auring

ther mal  wfagmst@hpidesah ahagtious, marpdlpRedd, otdidid padsdodipouayer to the
receptor. 20. The nethod of claim15, V\herel%ur? t he donor sheet is spaced
fromthe receptor during thermal transfer of at |east a portion of the

transfer ;Laye t - e methaod of claim.15. wherein at
| cast o Porti oh SeBRLOCISRLE ik MR, fon GO piE el "Rl he

r ecept or comphsesiatadeithisspoftasdierdd). to forma pattern on the receptor. 22.
The nethod of claim8, wherein the electrically active material produces,
conducts or sem -conducts a charge carrier. 23. The nmethod of claim8,

whereln 58e Cfebidfied S0t 3¢ SRR e Um i BRIs! AGRpSyAREE orddRHARK'

materi al .
comprises an electron transport material.

34.  The method of claim 25, wherein a hole transport material or electron transport

material is also disposed within the amorphous, non-polymeric organic matrix.

33, The method of claim 25, wherein a ratio, by weight, of the amorphous, non-

polymeric, organic matrix to the light emitting material is at least 1:1.

36. The method of claim 25, 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.

37.  The method of claim 36, 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.
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10 F E B 2006 24, The nethod of claim8, wherein the electrical {jﬁ Eﬁtzb[%e
material conprises an electron transport material. 25. A netho (g

maki ng an organi c el ectrol um nescent device, the nethod conprising:
solution coating a transfer |ayer on a donor substrate, the transfer

| ayer c®8rmpri Thagethodoofmigmois furteen cpmpyising disposing apluzaligtofielecitbddy on

light emttin terial, dispgsed in the matrix wherein the matrix

conpri sed P%lq%éﬁzlee %ﬁ@f%{m%@ wetoislecHyely tsrmally Gapglenred toghp sesRBtor.

sel ected fromwherein each Ris independently a substituent conprising at
| east one functional group selected from al kenyl, al kenyl ene, aryl,

aryl ene, 3%et eAodongt sheendomptieingar yl ene; and sel ectively thermally
transferring the transfer layer to a receptor. 26. The nmethod of claim
25, further cBAPPS@Sg forming a |ight-to-heat conversion |ayer on the

donor subst 1 ab gigfeh. MAPESivArsi RGLY diSlofed SRITRNbYrald RO NIy

transfer layer~to the receptor conprises se rvely irra ng

| i ght -t ointegrihig cadintiensntorhebtayed Wi th i magi ng radi ati on and converting the
i magi ng radi ation to heat.. 27, The nethod of claim25, further conprising
formng at |ea§f@n§tﬁ%‘a&%r 1$o8FapVer thehghtde-heatyrepvepiop payes U bs irppsler lay

wher ei n her erri t . r t he
Focopt or S LaRE b E SRt CIRL A A RIS C A BBl chBMHIe Rl BXER S ' 2, e
and t heemittihpamteriahdispokditin dreahatiixawhérein thayrensferdaydids cqmabiaibeing8. The
met hod of cl ai 5, ereipn the light emtting material conprises a |ight
emtti ngse}!)‘fﬂtﬂ}’ﬁgrt.ﬁe@ﬁ\f{i’ tEmFi%EBd %@Bsglggbnwe%@ Ragoxmatly docatesgreceptess ei n
the matrjx - ' t ) .0an- Ly

or gant ¢ et e GREBERAES Flectf AR antifho SR Ber SR KaRPAEY |
sel ect edseiecderd fRolR2

R R R

®
QQO ~OH,
R &)

R

®

)

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

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

40. The donor sheet of claim 39, further comprising forming at least one additional
transfer layer disposed over the light-to-heat conversion layer and wherein the at least
one additional transfer layer is capable of being selectively thermally transferred with the

transfer layer from the donor sheet to a proximally located receptor.

41.  The donor sheet of claim 39, wherein the light emitting material comprises a light

emitting polymer.
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RNBCR2 481 0 F EB 2006 R RRly Nsi | // R2 R3 Are, NJ~. N14rEEBAI0E
Art Arl--~Ar Ar2 Arlr , k\- Are Ari Ar Art wherein each R and R2 is
i ndependently H F, d, Br, 1, -SH -OH alkyl, aryl, heteroaryl,

fl uoroal kyl, fl uoroal kyI al koxy, al kenyl , al koxy, am no, or al kyl -COOH,

each R3 s | mHeRenseINetnofdlaim, 39 wheBin thle,maamsmnhefr cu@peigdskit leas@drioXy,

aryl, am no, cyano, or nitro, each X, is I ndependently 0, S, Se, NR3,
BR3, or PRerphens r@acmlﬁﬂqucalﬁcga.&lczdﬂinﬁ‘rlmdependentIy substituted or
unsubstituted aryl or heteroaryl. 49 10 F E8 20x6

43. A donor sheet comprising:

a substrate;

a light-to-heat conversion layer disposed on the substrate for converting incident
imaging radiation into heat; and

a transfer layer disposed over the light-to-heat conversion layer, the transfer layer
comprising a solution-coated, amorphous, non-polymeric, organic matrix with a light
emitting material disposed in the matrix, wherein the transfer layer is capable of being
selectively thermally transferred from the donor sheet to a proximally located receptor,

wherein the matrix comprises an amorphous, non-polymeric, organic spiro compound.

44,  The donor sheet of claim 39, wherein the amorphous, non-polymeric, organic

matrix comprises a hole transport material.

45.  The donor sheet of claim 39, wherein the amorphous, non-polymeric organic

matrix comprises an electron transport material.

46.  The donor sheet of claim 39, wherein a hole transport material or electron

transport material is also disposed within the amorphous, non-polymeric organic matrix.

47. 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 amorphous,
non-polymeric, organic matrix with a light emitting material disposed in the matrix,
wherein the matrix comprises at least one amorphous, non-polymeric, organic compound

selected from
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31. A nethod of making an organic el ectrol um nescent devi ce, thi gﬁtath@@]
conprising: solution coating a transfer |ayer on a donor substr IB ,
transfer layer conprising an anorphous, non-polymneric, organic matrix
with a light emtting material disposed in the matrix; and selectively
thermally transferring khe transfer lmayer to a recegtor, wherein the
matri x conprises an anmgtphous, non-polyneric, organts, Spiro conpound. 32.
The net hod of claim 25 erein the pr phous, nondpgl yneric, organic
\Arrztri X C(r)]rrpri ses aI i tranispor Al erial. 33. Theg nethod of claim 26,
erein the anorphotis /f DO yh'e' "ToyGani ¢ rises an
el ectron transport ' @ '&! R% ’ pherein a hole
transport nmaterial or jefectron trangport i o di sposed
wi t hi n t he anor phous, "non- pol ymeri cRorgani ¢ matri%.# 35. The net hod of
claim 25, wherein a ratio, by weight, of the anorfphous, non- pol yneric,
organic matrix to the light emtting material is at least 1:1. 36. The
met hod of claim 25, wherein selectively thermally transferring the
transfer whbaylach® & ih@GRAIGHtIYLIPELBER SRIpSiSp\4e 4t diRrfiRdtional group
transferring the transfer layer to a receptor conprising a receptor
subst r at eclegted froml alkealyl tajkenfyleok eyl antbeme chetgroaryt and hetgeparylersept or
substrate. 37. The nethod of claim 36, wherein selectively thermally
transferring the transfer, layer to a receptor conprises selectively
t her mal | §3t r adsPetPr of Making srierepnif cleglelumingsgent deviestte medindr i sing” a
receptorc&Hgﬁg-Bgte, a plurality of electrodes disposed on the receptor
substrat e, nd & hol e transport |ayer disposed on the plurality of
el ectrodes. 56olhfiofcéatBg200amsBH layEhen adbhadubstrate, ahenraG erflaydrher
conprising disposing a plurality of electrodes. on_, a,portion of the
t ransf er SPRPBFNGAR éﬁ%@ugé}%ﬁmw,pwmﬁylxtw%gilg tpiting pagrial

recept or gisd9sedAn A MAt A0 Ghkrei s HERRALTK Q8mprifesS R34 GHe@morphous, non-

polymeric, organic dendrimer, wherein the dendrimer is selected from
Rz’\l R1 \/‘Rz
Q Q
N N
1 = \_
0 {

%@

N I I

%,
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a light-to-heat conversion |ayer disposed on the substrate for co ggégmgg
incident imaging radiation into heat; and a transfer |ayer disﬂdg r
the light-to-heat conversion layer, the transfer |layer conprising a

sol uti on-coat ed, anor phous, non-polyneric, organic matrix with a |ight
emtting material diisposed in g&he matrix, mherern the transfer layer is

capabl e of being ermal |y trans from th® donor sheet
wherein the trix co ses at | east
se

one anor phous, ol yneric, |c conmpouXd Iected mherern each
R is independent! as@nt ,oOnPri si ng Qnal group
sel ected frontalﬁenyl Ien% aryl, ar e, ry ,/ana

het er oaryl ene. 40." The or sheet of clarnm§9, further conpgi sing form ng
at | east one additional ansfer |ayer disposed ové he |ight-to-heat
conversion |ayer and wherlein the at | east one additiyonal transfer |ayer

is capabl e of being s Fedly thermal ly trandsfie h the transfer
| ayer fromthe donor Lo a proximally | ocat Br. 41. The donor
sheet of claim39, wherein tha light emitting nageridl conprises a light
emtting polynmer. 51 10FEB2006 42 The donor sheet of claim 39, wherein
the matrix further conprises at I st one anorphous, non-polyneric,
organi c dendrimer. 43, A dono, sh conprising: a substrate; a

| i ght -t o- heat conversr Rayeﬂiﬁ\ son the substrate for converting

i nci dent |nag|n égien i : ;fand a transfer |ayer disposed over
the |ight-to-héa |on Iaye the transfer |layer conprising a

sol uti on- coat ed, o 2ic, organic matrix with a |ight
emtting naterra(%?fﬁ e i'Xx, wherein the transfer |ayer is
capabl e of berng c |ve (ther mad;l y transferred fromthe donor sheet
to a proximally Tocat rec or wherein the matrix conprises an

anor phous, non- polynerrc or-an *snrro conRound

\®
\R3 AI’2\N N,Arz

Ar1 AI1

Al'1
Il
Al'1

/

= N
A Ary /gN Ay A
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44. The donor sheet of claim 39, wherein the anorphous, non-pol yfTﬁ"Ftﬁ’ZUU
organic matrix conprises a hole transport material. 45. The donor s eeE3
of claim 39, wherein the anorphous, non-polyneric organic matrix
conprises an electron transport material. 46. The donor sheet of claim

39, wherein a hole transport materi al el ectron transpo material is
al so di sposed within the anorphous, non< neric organt trix. 47. A
met hod of making a donor sheet, the metho Wi Si n\'g. ormng a

| i ght-to-heat conversion |layer on a substrate? Pmng a transfer

| ayer on the substrate, wherein formng the tran r layer conprises
solution coating a coating conposition on the sypstrate to form an
anor phous, non-polyneric, organic matrix with gJl%ght emtting nmateri al

di sposed in the matrix, wherei he matri x corrpr\ ses at |east on
anor phous, non-polyneric, organit pound sel g d from52 1 B
2006 wherein each R is independent 'y g-ubsti mpri si | east

one functional f'group selected from al¥ Hkenyl &n W aryl ene,
het eroaryl, a het er oaryl ene. 48. A neth of making a rganic

el ectrol um ne nt device, the nmethod c¢ ri sing: solutik@n coating a
transfer |ayer.ion a donor subﬁtrate, t he NLAnsfer | ayer ®.conpri si ng an
anor phous, no ;,Bol yneric, orgiﬁi c matrix with a light enltting materi al
di sposed i e rix, wher® ¥ the matri onprises at ast one

anor phous, - meri c,Aror ic dendringr, wherein thé dendriner is
sel ected from R2 53"10FE82006A&6 RpRt R2 |

wherein each R; and R; is independently H, F, Cl, Br, 1, -SH, -OH, alkyl, aryl, heteroaryl,
fluoroalkyl, fluoroalkylalkoxy, alkenyl, alkoxy, amino, or alkyl-COOH, each R; is
independently H, F, Cl, Br, 1, alkyl, fluoroalkyl, alkoxy, aryl, amino, cyano, or nitro, each
X is independently O, S, Se, NR;, BR3, or PR3, and each Ar| and Ar; is independently
substituted or unsubstituted aryl or heteroaryl; and

selectively thermally transferring the transfer layer to a receptor.

49. A donor sheet, comprising:

a substrate;

a light-to-heat conversion layer disposed on the substrate for converting incident
imaging radiation into heat; and

a transfer layer disposed over the light-to-heat conversion layer, the transfer layer
comprising a solution-coated, amorphous, non-polymeric, organic matrix with a light
emitting material disposed in the matrix, wherein the transfer layer is capable of being
selectively thermally transferred from the donor sheet to a proximally located receptor,
wherein the matrix comprises at least one amorphous, non-polymeric, organic dendrimer,

wherein the dendrimer is selected from

55



Art Art Arty-Art RL. ,NRz RX z Arz.N-Lz:~""NArz 54 XA At ﬁ‘r?B\hﬂﬁ
Arz At, 10FEB2906 A Art wherein each Rt and R2 is |ndependentll/ IEI I;l

a, Br, I, -SH, -CH, alkyl, aryl, heteroaryl, fluoroalkyl,

fl uor oal kyl al koxy, al kenyl, al koxy, am no, or al kyl -COOH, each R3 is

i ndependently H F, d, Br, |, alkyl, Rl ugr oal kyl, al koxy, mryl, am no,
cyano, or nitro, each Xl is independept] '0, S, Se NR3[ BR3, or PR3,
and each Arl and Ar2 is independently bstituted or un stituted aryl
or heteroaryl; and selectively thernadl y

ansferring theN sfer |ayer
to a receptor. 49. A donor sheet, Rg : a suks @ e; l gk
l'i ght -to-heat conversion |ayer d| sposed on t b ate forlconverting

i ncident i ing rad¢ation into heat; and a &r | ayer disposed over
the light-t eat conwexsion | ayer, t he transfe ayer conprising a

sol uti on, i aps s@ non- pol ynmeric, orga matrix with a |ight
emtting te ALSP din the matrix, wherein the transfer layer is
capabl e of bei ngﬁel ectively thermally transfe d fromthe donor sheet

to a proximally ated receptor, wherein the rix conprises at |east

one anor phous, non- pol ymeric, or gani C dendrﬁwfeﬁ,N N
0 7
“ Rz Rz

R
1 Ry Ry .
AT A
7N
OL SHOI A O G
Ry 5) Ry N

/ = P
R, R,
/ B L, | SR.
R s
R1 1 Rz
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wherein the dendriner is selected from55 10 FEB 2006 56 10FEB200b
Ar2, N" LN Ar2 Arz Are Ar( Ari Art Ar Are NN N Art wherein eaqh]FEIB%Uﬂﬁi

R2 is independently H F, d, Br, I, -SH, -CH, alkyl, aryl, heteroaryl,
fluoroal kyl, fluoroal kyl al koxy, aI kenyl al koxy, am no, or al kyl - COCH,
each R3 is independently H F |, al kyl, fluoroal kyl, al koxy,

BR3, or PR3, and eacH:‘ tR1and mgependently substituted or
unsubstituted ar or t er oa FEB2006 50. A nmethod of neking a
donor sheet, tﬁe— corrprl si ng ormng a |light-to-heat conversion

| ayer on a substr teg.f&n@fr ransfer | ayer on the substrate,
wherein form ng er r| ses solution coating a coating

conposi tion on s\ ratg to forg an anmorphous, non-polyneric,
organic matrix vﬁ3th |gh tt|ng material disposed in the matrix,

aryl, amno, cyano, or nitro,, eat@in i's |ndependently 0, S, Se, NR3,

wherein the matrix cor?prl se at”l>egast one anor phous, non-polymeric,
organi ¢ dendri ner, th; = endrl mer i%8:géhected from R
\® 2,
AT1 AI’T Ar1 Ar1
Ary IZT(%/A”
Il p
Al’1
NZ N &
=i A2
== % +
Arg N Ary Ar1/l\\N/|\Ar1 Ar{

P "y
N N N 0 \N N
NP Y
AT2
N* N
An)\\\fN
ATT

wherein 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
independently H, F, Cl, Br, I, alkyl, fluoroalkyl, alkoxy, aryl, amino, cyano, or nitro, each
X1 1s independently O, S, Se, NR3, BR3, or PR3, and each Ar; and Ar; is independently
substituted or unsubstituted aryl or heteroaryl.
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i 2 ~9%X 2 f 58 10FEB2006 R2 R1 R3 \ si'N Ar2. NArl Arz'l\u_liqu%%Dﬁ Art
Art Ari - Ar Are X---111 Ari If~ Arl Art A~2 NI Nu N Art [
Arl--~N--Arl Ar( Ar2 Are Ar Art

50. 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 amorphous,
non-polymeric, organic matrix with a light emitting material disposed in the matrix,
wherein the matrix comprises at least one amorphous, non-polymeric, organic dendrimer,
wherein the dendrimer is selected from

R2 R2

SR 9 @‘
R,
o ”Qéﬁ” o

N | |

o *

R1 R1 R
oy ot
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r— N N~ SR LN N A
\ > rooh
R3 é Ry N
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// P 2
Rs R,
N
7 yRe Ry B N 7S
= APy 7 Re
R4 Ry R; !
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, JAr2 wherein each Rl and R2 is independently H F, d, Br, I, -SH -OH,
alkyl, aryl, heteroaryl, fluoroalkyl, fluoroalkylal koxy, al kenyI0,FEB 2006
al koxy, am no, or alkyl-COOH, each R3 is independently H F, CI, Br, I,
al kyl, fluoroal kyl, al koxy, aryl, am no, cyano, or nitro, each Xl is

I ndependently 0, S, Se, NR3, BR3,Ror PR3, and each Art and Are is

I ndependently substituted Ofp, Un tituted aryl or heteroaryl. 59
R —
?\’ I R1 @\ ’—'/R3
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Ra_/| Q S,I N
5i—N N~
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7 () I
R3 -!‘ Q |
Rs P
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Re [ DRa
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I
= A\

=

=z
_2/_\3,
z=z N

wherein each R; and R; is independently H, F, Cl, Br, 1, -SH, -OH, alkyl, aryl, 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.
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