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THERMAL TRANSFER OF LIGHT-EMITTING 
DENDRIMERS 

[0001] This application is a continuation of US. Ser. No. 
11/337,882, ?led Jan. 23, 2006, Which is a continuation of 
US. Ser. No. 10/732,853, ?led Dec. 10, 2003, now US. Pat. 
No. 7,014,978, Which is a divisional of US. Ser. No. 
09/931,598, ?led Aug. 16, 2001, now US. Pat. No. 6,699, 
597, the disclosure of Which are herein incorporated by 
reference. 

BACKGROUND 

[0002] Pattern-Wise thermal transfer of materials from 
donor sheets to receptor substrates has been proposed for a 
Wide variety of applications. For example, materials can be 
selectively thermally transferred to form elements useful in 
electronic displays and other devices. Speci?cally, selective 
thermal transfer of color ?lters, black matrix, spacers, polar 
iZers, conductive layers, transistors, phosphors, and organic 
electroluminescent materials have all been proposed. 

SUMMARY OF THE INVENTION 

[0003] The present invention provides neW thermal trans 
fer donor elements and methods of patterning using thermal 
transfer donor elements. The donors and methods of the 
present invention are particularly suited to patterning sol 
vent-coated materials on the same substrate as solvent 
susceptible materials. This can be especially useful in con 
structing organic electroluminescent displays and devices as 
Well as components for organic electroluminescent displays 
and devices. 

[0004] The present invention is directed to materials and 
methods for patterning an amorphous, non-polymeric, 
organic matrix With electrically active material disposed in 
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 thermally 
transferred to a receptor. Thermal transfer can include laser 
thermal transfer or thermal head transfer. 

[0005] Another embodiment is a donor sheet that includes 
a substrate and a transfer layer. The transfer layer includes 
a solution-coated, amorphous, non-polymeric, organic 
matrix With a light emitting material disposed in the matrix. 
This transfer layer 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 con 
verting incident imaging radiation into heat. 

[0006] Yet another embodiment is a method of making a 
donor sheet. The method includes forming a transfer layer 
on a substrate by solution coating a coating composition on 
the substrate to form an amorphous, non-polymeric, organic 
matrix With a light emitting material disposed in the matrix. 
Optionally, the method also includes forming a light-to-heat 
conversion layer on the substrate. 

[0007] Another embodiment is an electroluminescent 
device that includes a ?rst electrode, a second electrode, and 
a light emitting layer disposed betWeen the ?rst and second 
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electrodes. The light emitting layer includes an amorphous, 
non-polymeric organic matrix With a light emitting polymer 
disposed in the matrix. Such devices include, for example, 
single OEL devices for, for example, lighting applications 
and pixelated devices, such as displays, Which contain 
multiple OEL devices. 

[0008] It Will be recogniZed that electrically active mate 
rials other than light emitting materials can be disposed in an 
amorphous, non-polymeric, organic matrix. For 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 described above. This structure can be particularly 
useful for conducting or semiconducting polymeric materi 
als to produce a layer With loWer cohesive strength than the 
polymer itself. 

[0009] In addition, these materials and methods can also 
be useful for non-thermal printing and transfer methods 
including, for example, inkjet printing, screen printing, and 
photolithographic patterning. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The invention may be more completely understood 
in consideration of the folloWing detailed description of 
various embodiments of the invention in connection With the 
accompanying draWings, in Which: 

[0011] FIG. 1 is a schematic side vieW of an organic 
electroluminescent display construction; 

[0012] FIG. 2 is a schematic side vieW of a donor sheet for 
transferring materials according to the present invention; 

[0013] FIG. 3 is a schematic side vieW of an organic 
electroluminescent display according to the present inven 
tion; 
[0014] FIG. 4A is a schematic side vieW ofa ?rst embodi 
ment of an organic electroluminescent device; 

[0015] FIG. 4B is a schematic side vieW of a second 
embodiment of an organic electroluminescent device; 

[0016] FIG. 4C is a schematic side vieW of a third embodi 
ment of an organic electroluminescent device; 

[0017] FIG. 4D is a schematic side vieW of a fourth 
embodiment of an organic electroluminescent device; 

[0018] FIG. 4E is a schematic side vieW ofa ?fth embodi 
ment of an organic electroluminescent device; and 

[0019] FIG. 4F is a schematic side vieW ofa sixth embodi 
ment of an organic electroluminescent device. 

[0020] While the invention is amenable to various modi 
?cations and alternative forms, speci?cs thereof have been 
shoWn by Way of example in the draWings and Will be 
described in detail. It should be understood, hoWever, that 
the intention is not to limit the invention to the particular 
embodiments described. On the contrary, the intention is to 
cover all modi?cations, equivalents, and alternatives falling 
Within the spirit and scope of the invention. 
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DETAILED DESCRIPTION 

[0021] It is to be understood, for further avoidance of 
doubt, that the use of the speci?ed dendrimers as a light 
emitting element in a light-emitting device encompasses 
such use of the dendrimers either as the light-emitting 
element, or in the light-emitting element in the event that the 
light-emitting element is regarded as including structures or 
materials in addition to the dendrimers themselves. 

[0022] One aspect of the invention accordingly provides a 
compound having the formula: 

CORE-[DENDRITEL 
in Which CORE represents an atom or group, n represents an 
integer of at least 1 and DENDRITE, Which may be the same 
or different if n is greater than 1, represents an inherently at 
least partly conjugated dendritic molecular structure com 
prising aryl and/or heteroaryl groups and alkenyl groups 
connected to each other via a carbon atom of an alkenyl 
group to a ring carbon atom of an aryl and/or heteroaryl 
group, CORE terminating in the ?rst single bond Which is 
connected to a ring carbon atom of an (hetero)aryl group to 
Which more than one at least partly conjugated dendritic 
chain is attached, said ring carbon atom forming part of 
DENDRITE, the CORE and/or DENDRITE being lumines 
cent; usually the compound is luminescent, preferably in the 
solid states. Preferably the compound emits light in the 
visible region under electrical or optical excitation. The 
compounds typically have one or more end or surface 
groups such that the compounds Will have the general 
structure 

CORE--[DENDRITE--ENDGROUPS]n 

or, more particularly, 

[CORE--]---[--<I>d--{ARM--ENDGROUPS}m]n 
in Which (Dd is the said ?rst aryl or heteroaryl moiety of the 
DENDRITE, typically a l, 3, 5-bonded benZine ring, ARM 
is the dendritic arms extending therefrom, and m is an 
integer of value at least 2. 

[0023] The compound may have more than one lumines 
cent moiety and the energy resulting from electrical or 
optical excitation is transferred to one of them for light 
emission. In a preferred embodiment the dendrimer incor 
porates at least tWo inherently at-least-partly-conjugated 
luminescent moieties Which moieties may or may not be 
conjugated With each other, Wherein the or each said den 
dritic structure(s) include(s) at least one of the said lumi 
nescent moieties, the luminescent moiety or moieties further 
from the core of the dendrimer being of larger HOMO 
LUMO energy gap than the luminescent moiety or moieties 
closer to or partly or Wholly Within the core of the dendrimer. 
In another embodiment the HOMO-LUMO energy gap is 
the same. 

[0024] The relative HOMO-LUMO energy gaps of the 
moieties can be measured by methods knoWn per se using a 
UV-visible spectrophotometer. It appears that this gradua 
tion of HOMO-LUMO energy gap being loWer in those 
luminescent moieties Which are closer to the core is bene? 
cial in encouraging inWards charge transfer and increased 
light-emitting activity Within the dendrimer molecules, pos 
sibly by reducing migration of the excited states to quench 
ing sites and giving rise to the possibility of charge build-up. 
One of the luminescent moieties may be, or (partly or 
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Wholly) Within, the core itself, Which Will thus preferably 
have a smaller inherent HOMO-LUMO gap energy than the 
other luminescent moiety or moieties in the dendritic struc 
tures. Alternatively, or in addition, the dendritic structures 
themselves may each contain more than one luminescent 
moiety, in Which case those further form the core Will again 
preferably have larger inherent HOMO-LUMO gap energies 
than those closer to the core. In this case, the core itself need 
not be luminescent, although luminescent cores are gener 
ally preferred. 

[0025] Other aspects of the invention provide a light 
emitting device incorporating as or in its light-emitting 
element a compound having the formula: 

CORE-[DENDRITE]. 

in Which CORE represents an atom or group, n represents an 
integer of at least 1 and DENDRITE, Which may be the same 
or different if n is greater than 1, represents an inherently at 
least partly conjugated dendritic molecular structure com 
prising aryl and/or heteroaryl groups and alkenyl groups 
connected to each other via a carbon atom of an alkenyl 
group to a ring carbon atom of an aryl or heteroaryl group, 
CORE terminating in the ?rst single bond Which is con 
nected to a ring carbon atom of an (hetero)aryl group to 
Which more than one at least partly conjugated dendritic 
chain is attached, said ring carbon atom forming part of 
DENDRITE, the CORE and/or DENDRITE being lumines 
cent. 

[0026] Advantages of Dendrimers for Light Emitting 
Devices 

[0027] Selection of Emission Colour: We envisage that 
at-least-partially alkylene conjugated units of speci?c length 
and substitution can be introduced as the core or branches of 
dendrimers to give good colour selection possibilities for 
light emitting devices. For example, dendrimers Which have 
units derived from trans, trans-distyryl benZene as the core 
and branches should have the good photoluminescence 
quantum ef?ciency and blue emission of the parent com 
pound (Nakatsuji et al, J. Chem. Soc. Perkin Trans 2, 1991, 
861). 
[0028] Control of Intermolecular Interactions and Avoid 
ance of Concentration Quenching: Intermolecular interac 
tions have a strong effect on the photophysics of conjugated 
molecules, and the ?exibility of synthesis (generation num 
ber, surface groups, linkers, etc.) Will alloW them to be 
controlled. This is believed to be a particular advantage for 
the ef?ciency of blue emission, because it Will tend to 
prevent the blue luminescence from being quenched by 
excimer formation, Which may render the emission yelloW 
instead. In addition, there are a Wide range of luminescent 
molecules, for example, dyes. Luminescence in these sys 
tems is often quenched at high concentrations, as encoun 
tered in the ?lm. By incorporating these molecules into a 
dendrimer We can avoid this, for example, by avoiding 
processes such as pi-stacking. Hence dendrimers provide a 
Way of using an enormous range of chromophores that could 
not otherWise be easily used, for example, porphyrins. 

[0029] Simultaneous Optimisation of Ef?ciency and Pro 
cessing: With higher-generation dendrimers (see hereinaf 
ter), the surface groups may tend to assume a majority or 
substantially all of the molecular contact With the surround 
ing environment. Therefore, the outer surface controls the 
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solubility and processibility of the molecule and thus 
changes to the internal electronic structure of the chro 
mophore(s) should be possible Without unacceptably affect 
ing the processing properties and vice versa. In contrast, the 
solubility and processibility of linear conjugated polymers 
can be dramatically affected by the attachment of substitu 
ents, e. g., electron-Withdrawing groups Which facilitate elec 
tron injection. Therefore, the dendrimers described here 
provide an opportunity of optimising the electronic and 
processing properties independently Which should give 
improved manufacturability of electronically optimised 
materials. Some examples of the surface groups Which 
Would be suitable to incorporate onto the dendrimers include 
branched and unbranched alkyl, especially t-butyl, branched 
and unbranched alkoxy, hydroxy, alkylsilane, carboxy, car 
balkoxy, and vinyl. A more comprehensive list include a 
further-reactable alkene, (meth)acrylate, sulphur-containing, 
or silicon-containing group; sulphonyl group; polyether 
group; Cl-to-Cl5 alkyl (preferably t-butyl) group; amine 
group; mono-, di- or tri-Cl-to-Cl5 alkyl amine group; 
iCOOR group Wherein R is hydrogen or Cl-to-Cl5 alkyl; 
iOR group Wherein R is hydrogen, aryl, or C l-to-Cl5 alkyl 
or alkenyl; iOZSR group Wherein R is Cl-to-Cl5 alkyl or 
alkenyl; iSR group Wherein R is aryl, or C l-to-C 15 alkyl or 
alkenyl; iSiR3 groups Wherein the R groups are the same 
or different and are hydrogen, C l-to-C 15 alkyl or alkenyl, or 
iSR' group (R' is aryl or Cl-to-Cl5 alkyl or alkenyl), aryl, 
or heteroaryl. 

[0030] Efficiency of Light Emission: It is considered, 
according to the present invention, that the ef?ciency of light 
emission from light emitting devices based on dendrimers 
tends to be better than that of light emitting devices based on 
linear polymers. This is because exciton migration to 
quenching sites can be inhibited, optimised chromophores 
can be used, and intermolecular interactions controlled to 
avoid undesirable processes such as excimer formation. In 
linear conjugated polymers the exciton migrates through the 
sample to regions of loW HOMO-LUMO gap energy and can 
often encounter defects Which quench the luminescence. 
Dendrimers can be designed according to the present inven 
tion so that the innermost or central chromophores have a 
loWer HOMO-LUMO energy gap than chromophores closer 
to the surface. Thus, once an excited state moves toWards the 
core it can be trapped Within the dendrimer and further 
migration to quenching sites impeded. In addition, this 
process Will tend to give rise to a space charge build-up 
similar to that obtained in organic light emitting devices 
incorporating a hole-blocking electron transporting layer. 
Dendrimers With electron-Withdrawing groups attached to 
the chromophores and/or high electron af?nity chro 
mophores Will be easier to prepare as the routes involve 
“small molecule” reactions, Which do not have the same 
stringent requirements, for example, yield, of those for 
forming high polymers. 

[0031] Device Lifetime: Dendrimers tend to shoW 
improved chemical stability for tWo reasons. First, as the 
excited state can be located at the core of the molecule, it is 
more protected from the environment, and it is likely to give 
improved photochemical stability. Second, dendrimers gen 
erally have much higher glass transition temperatures than 
the chromophores they contain, generally giving improved 
thermal stability to the device and reducing problems of 
recrystallisation associated With smaller molecules. 
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[0032] The present invention contemplates materials and 
methods for the thermal patterning of an amorphous, non 
polymeric, organic matrix With an electrically active mate 
rial disposed therein. Such methods and materials can be 
used to form devices including organic electronic devices 
and displays that include electrically active organic materi 
als, and in particular that contain light emitting polymers or 
other light emitting molecules. Examples of organic elec 
tronic 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 photolithographic patterning. 
[0033] The terms “active” or “electrically active”, When 
used to refer to a layer or material in an organic electronic 
device, indicate layers or materials that perform a function 
during operation of the device, for example producing, 
conducting, or semiconducting a charge carrier (e.g., elec 
trons or holes), producing light, enhancing or tuning the 
electronic properties of the device construction, and the like. 
The term “non-active” refers to materials or layers that, 
although not directly contributing to functions as described 
above, may have some non-direct contribution to the assem 
bly or fabrication or to the functionality of an organic 
electronic device. 

[0034] Organic electroluminescent (OEL) display or 
device refers to electroluminescent displays or devices that 
include an organic emissive material, Whether that emissive 
material includes a small molecule (SM) emitter, a SM 
doped polymer, a light emitting polymer (LEP), a doped 
LEP, a blended LEP, or another organic emissive material 
Whether provided alone or in combination With any other 
organic or inorganic materials that are functional or non 
functional in the OEL display or devices 

[0035] R. H. Friend, et al. (“Electroluminescence in Con 
jugated Polymers” Nature, 397, 1999, 121.), incorporated 
herein by reference, describe one mechanism of electrolu 
minescence 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 electron-hole state (exciton) produced 
by this recombination process.” 
[0036] Materials for OEL devices can be small molecule 
(SM) or polymeric in nature. SM materials include charge 
transporting, charge blocking, semiconducting, and elec 
troluminescent organic and organometallic compounds. 
Generally, SM materials can be vacuum deposited or evapo 
rated to form thin layers in a device. In practice, multiple 
layers of SMs are typically used to produce ef?cient OELs 
since a given material generally does not have both the 
desired charge transport and electroluminescent properties. 
[0037] LEP materials are typically conjugated polymeric 
or oligomeric molecules that preferably have suf?cient ?lm 
forming properties for solution processing. 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 ?lm. Other methods for forming 
LEP ?lms include ink jetting and extrusion coating. Alter 
natively, LEPs can be formed in situ on a substrate by 
reaction of precursor species. Ef?cient LEP lamps have been 
constructed With one, tWo, or more organic layers. 
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[0038] OELs can also be fabricated With one or more 
molecular glasses. Molecular glass is the term used to 
describe organic, loW molar mass, amorphous, ?lm-forming 
compounds. Hole transporting, electron transporting, and 
bipolar molecular glasses are knoWn including those 
described in J. V. GraZulevicius, P. Strohriegl, “Charge 
Transporting Polymers and Molecular Glasses”, Handbook 
of Advanced Electronic and Pholonic Materials and 
Devices, H. S. NalWa (ed.), 10, 2001, 233, incorporated 
herein by reference. The solubility of the molecular glasses 
can limit the Ways in Which multilayer electronic structures 
are conventionally created. For example, it may not be 
possible to solution coat a light emitting polymer layer on 
top of a hole transport layer of a molecular glass if the 
materials of the tWo layers are soluble in the same solvents. 
Devices have been previously formed With, for example, 
solution coated hole transport layers and vapor deposited 
emission and electron transport layers. 

[0039] As an example of device structure, FIG. 1 illus 
trates 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. Option 
ally, additional optical elements or other devices suitable for 
use With electronic displays, devices, or lamps can be 
provided betWeen display 100 and vieWer position 140 as 
indicated by optional element 130. 

[0040] 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 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 con?guration 
shoWn in FIG. 1 (termed “bottom emitting”) may be used 
When substrate 120 is transmissive to light emitted by device 
layer 110 and When a transparent conductive electrode is 
disposed in the device betWeen the emissive layer of the 
device and the substrate. The inverted con?guration (termed 
“top emitting”) may be used When substrate 120 does or 
does not transmit the light emitted by the device layer and 
the electrode disposed betWeen the substrate and the light 
emitting layer of the device does not transmit the light 
emitted by the device. 

[0041] Device layer 110 can include one or more OEL 
devices arranged in any suitable manner. For example, in 
lamp applications (e.g., backlights for liquid crystal display 
(LCD) modules), device layer 110 might constitute a single 
OEL device that spans an entire intended backlight area. 
Alternatively, in other lamp applications, device layer 110 
might constitute a plurality of closely spaced devices that 
can be contemporaneously activated. For example, rela 
tively small and closely spaced red, green, and blue light 
emitters can be patterned betWeen common electrodes so 
that device layer 110 appears to emit White light When the 
emitters are activated. Other arrangements for backlight 
applications are also contemplated. 

[0042] In direct vieW or other display applications, it may 
be desirable for device layer 110 to include a plurality of 
independently addressable OEL devices that emit the same 
or different colors. Each device might represent a separate 
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pixel or a separate sub-pixel of a pixilated display (e. g., high 
resolution display), a separate segment or sub-segment of a 
segmented display (e.g., loW information content display), 
or a separate icon, portion of an icon, or lamp for an icon 
(e.g., indicator applications). 

[0043] 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 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 excitons, or excited state species, 
can emit energy in the form of light as they decay back to 
a ground state. 

[0044] 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 lay 
ers, electron blocking layers, buffer layers, and the like. In 
addition, photoluminescent materials can be present in the 
electroluminescent or other layers in OEL devices, for 
example, to convert the color of light emitted by the elec 
troluminescent material to another color. These and other 
such layers and materials can be used to alter or tune the 
electronic properties and behavior of the layered OEL 
device, for example to achieve a desired current/voltage 
response, a desired device ef?ciency, a desired color, a 
desired brightness, and the like. 

[0045] FIGS. 4A to 4F illustrate examples of different 
OEL device con?gurations. Each con?guration includes a 
substrate 250, an anode 252, and a cathode 254. The 
con?gurations of FIGS. 4C to 4F also include a hole 
transport layer 258 and the con?gurations of FIGS. 4B and 
4D to 4F include an electron transport layer 260. These 
layers conduct holes from the anode or electrons from the 
cathode, respectively. Each con?guration also includes a 
light emitting layer 256a, 256b, 256c that includes one or 
more light emitting polymers or other light emitting mol 
ecules (e.g., small molecule light emitting compounds) 
disposed in an amorphous, non-polymeric, organic matrix, 
according to the invention. The light emitting layer 256a 
includes a hole transport material, the light emitting layer 
2561) includes an electron transport material, and the light 
emitting layer 256c includes both hole transport material and 
electron transport material. In some embodiments, the hole 
transport material or electron transport material is a material 
that forms the amorphous, non-polymeric, organic matrix 
Which contains the light emitting polymer or other light 
emitting molecules. In other embodiments, a separate 
matrix-forming material is used. In addition, the hole trans 
port material or electron transport material in the light 
emitting layer 256a, 256b, 256c can be the same as or 
different from the material used in the hole transport layer 
258 or electron transport layer 260, respectively. 

[0046] The anode 252 and cathode 254 are typically 
formed using conducting materials such as metals, alloys, 
metallic compounds, metal oxides, conductive ceramics, 
conductive dispersions, and conductive polymers, including, 
for example, gold, platinum, palladium, aluminum, calcium, 
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titanium, titanium nitride, indium tin oxide (ITO), ?uorine 
tin oxide (FTO), and polyaniline. The anode 252 and the 
cathode 254 can be single layers of conducting materials or 
they can include multiple layers. For example, an anode or 
a cathode may include a layer of aluminum and a layer of 
gold, a layer of calcium and a layer of aluminum, a layer of 
aluminum and a layer of lithium ?uoride, or a metal layer 
and a conductive organic layer. 

[0047] The hole transport layer 258 facilitates the injection 
of holes from the anode into the device and their migration 
toWards the recombination Zone. The hole transport layer 
258 can further act as a barrier for the passage of electrons 
to the anode 252. The hole transport layer 258 can include, 
for example, a diamine derivative, such as N,N'-bis(3 
methylphenyl)-N,N'-bis(phenyl)benZidine (also knoWn as 
TPD) or N,N'-bis(3-naphthalen-2-yl)-N,N'-bis(phenyl)ben 
Zidine (NPB), or a triarylamine derivative, such as, 4,4',4" 
Tris(N,N-diphenylamino)triphenylamine (TDATA) or 4,4', 
4 " -Tris (N -3 -methylphenyl-N-phenylamino )triphenylamine 
(mTDATA). Other examples include copper phthalocyanine 
(CuPC); 1 ,3, 5-Tris(4 -diphenylaminophenyl)benZenes 
(TDAPBs); and other compounds such as those described in 
H. FujikaWa, et al., Synthetic Metals, 91, 161 (1997) and J. 
V. GraZulevicius, P. Strohriegl, “Charge-Transporting Poly 
mers and Molecular Glasses”, Handbook of Advanced Elec 
tronic and Photonic Materials and Devices, H. S. NalWa 
(ed.), 10, 233-274 (2001), both of Which are incorporated 
herein by reference. 

[0048] The electron transport layer 260 facilitates the 
injection of electrons and their migration toWards the recom 
bination Zone. The electron transport layer 260 can further 
act as a barrier for the passage of holes to the cathode 254, 
if desired. As an example, the electron transport layer 260 
can be formed using the organometallic compound tris(8 
hydroxyquinolato) aluminum (Alq3). Other examples of 
electron transport materials include 1,3-bis[5-(4-(1,1-dim 
ethylethyl)phenyl)-1,3,4-oxadiaZol-2-yl]benZene, 2-(biphe 
nyl-4-yl)-5-(4-(1,1-dimethylethyl)phenyl)-1,3,4-oxadiaZole 
(tBuPBD) and other compounds described in C. H. Chen, et 
al., Macromol. Symp. 125, 1 (1997) and J. V. GraZulevicius, 
P. Strohriegl, “Charge-Transporting Polymers and Molecu 
lar Glasses”, Handbook ofAdvanced Electronic and Photo 
nic Materials and Devices, H. S. NalWa (ed.), 10, 233 
(2001), both of Which are incorporated herein by reference. 

[0049] 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 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 
dif?cult to solution cast SM materials since they tend to form 
crystallites upon solvent drying or later during the device 
lifetime. 

[0050] 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 casting steps, it is much more 
dif?cult to create multilayer devices by multiple solvent 
casting steps. Multilayer devices could be produced in 
Which layers are cast from different solvents, a ?rst insoluble 
layer is created in situ and a second layer is solvent cast, a 
?rst layer is solution cast and a second layer is vapor 
deposited, or one or both of the layers is crosslinked. 
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[0051] Polymer dispersed small molecule devices have 
been fabricated by solution casting a blend of a host polymer 
(e.g. polyvinylcarbaZole) and a mixture of one or more small 
molecule dopants. In general, these devices require high 
voltages to operate and are not suitable for display applica 
tions. In addition, they suffer from the same restrictions for 
patterning as the LEPs. 

[0052] Another method of forming devices includes the 
transfer of one or more transfer layers by laser thermal 
patterning as described in, for example, US. Pat. Nos. 
6,242,152; 6,228,555; 6,228,543; 6,221,553; 6,221,543; 
6,214,520; 6,194,119; 6,114,088; 5,998,085; 5,725,989; 
5,710,097; 5,695,907; and 5,693,446, and in co-assigned 
US. patent application Ser. Nos. 09/853,062; 09/844,695; 
09/844,100; 09/662,980; 09/662,845; 09/473,114; and 
09/451,984, all of Which are incorporated herein by refer 
ence. The patterning process can depend upon the physical 
properties of the transfer layer. One parameter is the cohe 
sive, or ?lm strength, of the transfer layer. During imaging, 
the transfer layer preferably breaks cleanly along the line 
dividing imaged and unimaged regions to form the edge of 
a pattern. Highly conjugated polymers Which exist in 
extended chain conformations, such as polyphenylenevi 
nylenes, can have high tensile strengths and elastic moduli 
comparable to that of polyaramide ?bers. In practice, clean 
edge formation during the laser thermal imaging of light 
emitting polymers can be challenging. The undesired con 
sequence of poor edge formation is rough, torn, or ragged 
edges on the transferred pattern. 

[0053] As an alternative to or improvement on these 
previous methods and to address some of the above-de 
scribed di?iculties, 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 
amorphous, non-polymeric, organic matrix that resists crys 
talliZation. The amorphous nature of the matrix can, in 
combination With the non-polymeric nature of the matrix, 
provide loW cohesive strength, as compared to typical poly 
mer transfer layers, during transfer from a donor medium to 
a receptor, as described beloW. The amorphous nature of the 
matrix-forming material may also act to compatibiliZe more 
than one electrically active material (eg tWo otherWise 
incompatible LEPs or an LEP and a phosphorescent emit 
ter). LEPs Will be used as an example for the description 
beloW, but it Will be recogniZed that other light emitting, 
semiconducting, hole transporting, electron transporting, or 
otherWise electrically active molecules could be used in 
place of or in addition to one or more LEPs. In addition, laser 
thermal transfer Will be used as an example of a method for 
forming light emitting and other layers, hoWever, it Will be 
recogniZed that other transfer, patterning, and printing tech 
niques can be used, such as inkjet printing, screen printing, 
thermal head printing, and photolithographic patterning. 

[0054] Any non-polymeric, organic material can be used 
as long as the material can be solution coated to form an 
amorphous matrix and Will resist substantial crystallization 
during the expected lifetime of the device under the 
expected operating and storage conditions. Examples of 
suitable materials are described in J . V. GraZulevicius, P. 
Strohriegl, “Charge-Transporting Polymers and Molecular 
Glasses”, Handbook ofAdvanced 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 



US 2007/0080634 A1 

Robinson et al., Adv. Ma, 2000, 12(22), 1701, all of Which 
are incorporated herein by reference. Preferably, this non 
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 removal of the solvent(s). 
[0055] 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, the 
total amount of light emitting polymer or other light emitting 
molecule is no more than 50 Wt. % of the solids of a coating 
composition and can be 40 Wt. %, 25 Wt. %, or less of the 
solids. Typically, the ratio, by Weight, of the non-polymeric, 
organic material to light emitting material (e.g., light emit 
ting polymer or polymers) is at least 1:1 and typically is in 
the range of 1:1 to 100:1. Generally ratios of at least 1:1, and 
typically at least 2:1 or 3:1 or more, are suitable for thermal 
transfer applications. 
[0056] In some embodiments, the non-polymeric, organic 
material is also a hole or electron transport material. In some 
of these embodiments, a hole or electron transport layer is 
formed using the non-polymeric, organic material and 
coated With or coated onto a light emitting layer containing 
the same non-polymeric, organic material as an amorphous 
matrix for the light emitting material. 

[0057] In some embodiments, a gradient of light emitting 
material can be formed by depositing several layers With 
different concentrations of light emitting material to achieve 
a desired pro?le. The thermal transfer methods described 
beloW can be useful in creating such structures by sequen 
tially transferring each of the layers. In addition, layers can 
be formed using different light emitting materials to achieve 
different colors or to produce, for example, stacked red, 
green, and blue pixels With intervening electrodes betWeen 
each pixel. 
[0058] 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 composition include, for example, small molecule 
dopants (e.g. triplet emitters); other non-polymeric, organic 
materials; coating aids, surfactants; particulate material to, 
for example, reduce cohesion; dispersants; stabiliZers; and 
photosensitiZers. 
[0059] 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 preferred that 
the materials and operating conditions be selected to favor 
emission by the light emitting polymer instead of the non 
polymeric, organic material Which forms the amorphous 
matrix. For example, the non-polymeric, organic material 
may be capable of emitting light in the blue region of the 
spectrum. In this instance, a light emitting polymer could be 
selected Which emits in the red or green regions of the 
spectrum. Selection can be based on, for example, the 
mechanism(s) of molecular energy transfer and the bandgap 
of the materials. 

[0060] Examples of suitable non-polymeric, organic mate 
rials that can form an amorphous matrix When solution 
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coated include molecules having a tetrahedral core With 
pendant electrically active groups. Examples of such mol 
ecules include tetraphenyl methanes 1, tetraphenyl silanes 2, 
and tetraphenyl adamantanes 3, as Well as tetraphenyl ger 
manes, tetraphenyl plumbanes, and tetraphenyl stannanes 
(i.e., replace Si in 2 With Ge, Pb, or Sn, respectively): 

Each R is independently a substituent containing one or 
more conjugated functional groups (for example, aryl, 
arylene, heteroaryl, heteroarylene, alkenyl, or alkenylene) 
that stabiliZe holes (eg as cation radicals), electrons (eg as 
anion radicals), or act as a chromophore. Each R substituent 
can be the same as or different from the other R substituents. 
When all the R substituents are the same, the molecule 
typically has some symmetry. When at least one of the R 
substituents is different, the molecule has asymmetry Which 
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may further facilitate the formation and retention of an 
amorphous matrix. In some instances, R includes an aro 
matic ring that is fused to the phenyl group 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. Ma, 2000, 12(22), 1701, both of 
Which are incorporated herein by reference. 

[0061] In some embodiments, the substituents R include 
one or more conjugated structures having, for example, one 

or more alkenyl, alkenylene, aryl, arylene (e.g., phenylene, 
naphthylene, or anthrylene), heteroaryl, or heteroarylene 
functional groups. The substituents can have extended 
J's-conjugated systems Which can include heteroatoms such 
as nitrogen and oxygen. The conjugated systems can include 
electron rich moieties (eg a triarylamine) to stabiliZe cation 
radicals (e. g. holes), electron poor moieties to stabiliZe anion 
radicals (e. g. electrons), or a HOMO-LUMO (Highest Occu 
pied Molecular Orbital-LoWest Unoccupied Molecular 
Orbital) gap in the ultraviolet to Visible range to act as a 

chromophore. Examples of suitable R groups include, but 
are not limited to, the folloWing: 

9 9 
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[0062] Speci?c examples of suitable tetrahedral core 
materials include compounds 4-6: 
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X is C, Si, Ge, Pb, or Sn and R2 is H or alkyl. Compounds 
5 and 6 include ?uorene moieties that can be chromophoric. 
These particular ?uorenes 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. 

[0063] Also among this type of compounds are spiro 
compounds such as compounds 7-9: 



US 2007/0080634 A1 

-continued 

Where each R is independently a conjugated structure having 
one or more alkenyl, alkenylene, aryl, arylene (e.g., phe 
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nylene, naphthylene, or anthrylene), heteroaryl, or het 
eroarylene functional groups. The substituents can have 
extended J's-conjugated systems Which can include heteroa 
toms such as nitrogen and oxygen. The conjugated systems 
can include electron rich moieties (eg 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 Unoc 
cupied Molecular Orbital) gap in the ultraviolet to Visible 
range to act as a chromophore. 

[0064] Other materials that can be used to form amor 

phous, 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 Ser. No. WO 99/21935, incorporated 
herein by reference. The dendritic substituents typically 
contain tWo or more aryl, arylene (e.g., phenylene), het 
eroaryl, 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), het 
eroaryl, or heteroarylene moieties. The dendritic substituents 
can be the same or different. Examples of dendrimeric 

compounds include starburst compounds based on, for 
example, triphenylamines, such as compounds 10-16: 

10 
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Each R1 and R2 is independently H, F, Cl, Br, I, iSH, of any of these substituents can be substituted or unsubsti 
iOH, alkyL any 1> heteroary 1> ?uoroalkyl, ?uoroalkylalkoxy> tuted. Each R1, R2, R3, and X 1 can be the same as or different 
alkenyl, alkoxy, amino, or alkyl-COOH. Each R3 is inde- . . . . . 
pendemly H’ F’ Cl’ Br’ L alkyls ?uoroalkyls alkoxys aryls from s1m1larly labeled substituents (1.e., all Rl substituents 
amino, cyanoa or nitro Each X1 is independently O’ S’ Se, can be the same as or one or more of the R1 substituents can 
NR3, BR3, or PR3. The alkyl, aryl, and heteroaryl portions be different from each other). 
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[0065] Other dendrimer compounds can have an aryl or 
heteroaryl moiety as a core, such as compounds 17-26: 
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Each Arl and Ar2 is independently a substituted or unsub 
stituted aryl or heteroaryl, including, for example, substi- -c0ntinued 
tuted or unsubstituted phenyl, pyridine, pyrole, furan, 
thiophene, or one of the following structures: 

R 
R1 2 
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Each R1 and R2 is independently H, F, Cl, Br, I, iSH, 
40H, alkyl, aryl, heteroaryl, ?uoroalkyl, ?uoroalkylalkoxy, 
alkenyl, alkoxy, amino, or alkyl-COOH. Each R3 is inde 
pendently H, F, Cl, Br, 1, alkyl, ?uoroalkyl, alkoxy, aryl, 
amino, cyano, or nitro. Each X1 and X2 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 R1, R2, R3, X1, and X2 can be the same 
as or different from similarly labeled substituents (i.e., all Rl 
substituents can be the same as or one or more of the R1 

substituents can be different from each other). 

[0066] Other amorphous materials include, for example, 
compounds 27-32: 

\ 
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Each Arl and Ar2 is independently a substituted or unsub 
stituted aryl or heteroaryl, n is an integer in the range of l 
to 6, and each R1 is independently H, F, Cl, Br, I, iSH, 
iOH, alkyl, aryl, heteroaryl, ?uoroalkyl, ?uoroalkylalkoxy, 
alkenyl, alkoxy, amino, or alkyl-COOH. Each R3 is inde 
pendently H, F, Cl, Br, 1, alkyl, ?uoroalkyl, alkoxy, aryl, 
amino, cyano, or nitro. Each X, X1, and X2 are indepen 
dently O, S, Se, NR3, BR3, or PR3. The alkyl, aryl, and 
heteroaryl portions of any of these substituents can be 
substituted or unsubstituted. Each R1, R2, R3, X, X1, and X2 
can be the same as or different from similarly labeled 
substituents (i.e., all Rl substituents can be the same as or 
one or more of the R1 substituents can be different from each 

other). 
[0067] Unless otherWise indicated, the term “alkyl” 
includes both straight-chained, branched, and cyclic alkyl 
groups and includes both unsubstituted and substituted alkyl 
groups. Unless otherWise indicated, the alkyl groups are 
typically Cl-C20. Examples of “alkyl” as used herein 
include, but are not limited to, methyl, ethyl, n-propyl, 
n-butyl, n-pentyl, isobutyl, and isopropyl, and the like. 

[0068] Unless otherWise indicated, the term “alkylene” 
includes both straight-chained, branched, and cyclic divalent 
hydrocarbon radicals and includes both unsubstituted and 
substituted alkenylene groups. Unless otherWise indicated, 
the alkylene groups are typically Cl-C20. Examples of 
“alkylene” as used herein include, but are not limited to, 
methylene, ethylene, propylene, butylene, and isopropylene, 
and the like. 

[0069] Unless otherWise indicated, the term “alkenyl” 
includes both straight-chained, branched, and cyclic 
monovalent hydrocarbon radicals have one or more double 
bonds and includes both unsubstituted and substituted alk 
enyl groups. Unless otherWise indicated, the alkenyl groups 
are typically C2-C20. Examples of “alkenylene” as used 
herein include, but are not limited to, ethenyl, propenyl, and 
the like. 

[0070] Unless otherWise indicated, the term “alkenylene” 
includes both straight-chained, branched, and cyclic divalent 
hydrocarbon radicals have one or more double bonds and 
includes both unsubstituted and substituted alkenylene 
groups. Unless otherWise indicated, the alkylene groups are 
typically C2-C20. Examples of “alkenylene” as used herein 
include, but are not limited to, ethene-l,2-diyl, propene-l, 
3-diyl, and the like. 

1 
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[0071] Unless otherWise indicated, the term “aryl” refers 
to monovalent unsaturated aromatic carbocyclic radicals 
having one to ?fteen rings, such as phenyl or bipheynyl, or 
multiple fused rings, such as naphthyl or anthryl, or com 
binations thereof. Examples of aryl as used herein include, 
but are not limited to, phenyl, 2-naphthyl, l-naphthyl, biphe 
nyl, 2-hydroxyphenyl, 2-aminophenyl, 2-methoxyphenyl 
and the like. 

[0072] Unless otherWise indicated, the term “arylene” 
refers to divalent unsaturated aromatic carbocyclic radicals 
having one to ?fteen rings, such as phenylene, or multiple 
fused rings, such as naphthylene or anthrylene, or combi 
nations thereof. Examples of “arylene” as used herein 
include, but are not limited to, benZene-l,2-diyl, benZene 
1,3-diyl, benZene-l,4-diyl, naphthalene-1,8-diyl, 
anthracene-l,4-diyl, and the like. 

[0073] Unless otherWise indicated, the term “heteroaryl” 
refers to functional groups containing a monovalent ?veito 
sevenimembered aromatic ring radical With one or more 
heteroatoms independently selected from S, O, or N. Such a 
heteroaryl ring may be optionally fused to one or more of 
another heterocyclic ring(s), heteroaryl ring(s), aryl ring(s), 
cycloalkenyl ring(s), or cycloalkyl rings. Examples of “het 
eroaryl” used herein include, but are not limited to, furyl, 
thiophenyl, pyrrolyl, imidaZolyl, pyraZolyl, triaZolyl, tetra 
Zolyl, thiaZolyl, oxaZolyl, isoxaZolyl, oxadiaZolyl, thiadiaZ 
olyl, isothiaZolyl, pyridinyl, pyridaZinyl, pyraZinyl, pyrim 
idinyl, quinolinyl, isoquinolinyl, benZofuryl, 
benZothiophenyl, indolyl, and indaZolyl, and the like. 

[0074] Unless otherWise indicated, the term “het 
eroarylene” refers to functional groups containing a divalent 
?veito sevenimembered aromatic ring radical With one 
or more heteroatoms independently selected from S, O, or N. 
Such a heteroarylene ring may be optionally fused to one or 
more of another heterocyclic ring(s), heteroaryl ring(s), aryl 
ring(s), cycloalkenyl ring(s), or cycloalkyl rings. Examples 
of “heteroarylene” used herein include, but are not limited 
to, furan-2,5-diyl, thiophene-2,4-diyl, l,3,4-oxadiaZole-2,5 
diyl, l,3,4-thiadiaZole-2,5-diyl, l,3-thiaZole-2,4-diyl, 1,3 
thiaZole-2,5-diyl, pyridine-2,4-diyl, pyridine-2,3-diyl, pyri 
dine-2,5-diyl, pyrimidine-2,4-diyl, quinoline-2,3-diyl, and 
the like. 

[0075] Suitable substituents for substituted alkyl, alky 
lene, alkenyl, alkenylene, aryl, arylene, heteroaryl, and 
heteroarylene groups include, but are not limited to, alkyl, 
alkylene, alkoxy, aryl, arylene, heteroaryl, heteroarylene, 
alkenyl, alkenylene, amino, F, Cl, Br, I, iOH, iSH, cyano, 
nitro, iCOOH, and iCOO-alkyl. 

[0076] It Will be recogniZed that electrically active mate 
rials other than light emitting materials can be disposed in an 
amorphous, non-polymeric, organic matrix. For 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 described above. This structure can be particularly 
useful for conducting or semiconducting polymeric materi 
als to produce a layer With loWer cohesive strength than the 
polymer itself. 




















