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(57) ABSTRACT 

Organic electroluminescent device can be formed With mul 
tiple layers including an electrode, an emission layer, and a 
buffer layer. The emission layer includes a light emitting 
material. The buffer layer is disposed betWeen and in elec 
trical communication With the electrode and the emission 
layer and includes a triarylamine hole transport material and 
an electron acceptor material. The buffer layer optionally 
includes one or more of a) a polymeric binder, b) a color 
converting material, and c) light scattering particles. The 
buffer layer can also be formed using a polymeric hole 
transport material having a plurality of triarylamine moi 
eties. 
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BUFFER LAYERS FOR ORGANIC 
ELECTROLUMINESCENT DEVICES AND 
METHODS OF MANUFACTURE AND USE 

BACKGROUND OF THE INVENTION 

[0001] Organic electroluminescent devices (OELs) 
include layers of organic materials, at least one of Which can 
conduct a charge. Examples of organic electroluminescent 
devices include organic light emitting diodes (OLEDs). 
Speci?c OEL devices, sometimes referred to as lamps, are 
desirable for use in electronic media because of their thin 
pro?le, loW Weight, and loW driving voltage. OEL devices 
have potential use in applications such as, for eXample, 
lighting applications, backlighting of graphics, piXelated 
displays, and large emissive graphics. 

[0002] OEL devices typically include an organic light 
emitter layer and optionally one or more charge transport 
layers, all of Which are sandWiched betWeen tWo electrodes: 
a cathode and an anode. Charge carriers, electrons and holes, 
are injected from the cathode and anode, respectively. Elec 
trons are negatively charged atomic particles and holes are 
vacant electron energy states that behave as though they are 
positively charged particles. The charge carriers migrate to 
the emitter layer, Where they combine to emit light. 

[0003] This basic OEL device structure can be modi?ed to 
improve or enhance one or more electrical, chemical, or 
physical properties of the device. Such modi?cation can 
include the addition or modi?cation of one or more of the 

basic layers. 

SUMMARY OF THE INVENTION 

[0004] Generally, the present invention relates to organic 
electroluminescent devices, articles containing the organic 
electroluminescent devices, and methods of making and 
using the organic electroluminescent devices and articles. 

[0005] One embodiment is an electroluminescent device 
having multiple layers including, but not limited to, an 
electrode, an emission layer, and a buffer layer. The emission 
layer includes a light emitting material. The buffer layer is 
disposed betWeen and in electrical communication With the 
electrode and the emission layer and includes a triarylamine 
hole transport material and an electron acceptor material. 
The buffer layer optionally includes one or more of a) a 
polymeric binder, b) a color converting material, and c) light 
scattering particles. 
[0006] Another embodiment is a method of making an 
electroluminescent device. The method includes forming an 
electrode, coating a buffer layer from solution over the 
electrode, and disposing an emission layer over the buffer 
layer. The electrode, buffer layer, and emission layer are in 
electrical communication. The emission layer includes a 
light emitting material. The buffer layer includes a triary 
lamine hole transport material and an electron acceptor 
material. Optionally, the buffer layer includes one or more of 
a) a polymeric binder, b) a color converting material, and c) 
light scattering particles. 
[0007] Yet another embodiment is an electroluminescent 
device having multiple layers including, but not limited to, 
an electrode, an emission layer, and a buffer layer. The 
emission layer includes a light emitting material. The buffer 
layer is disposed betWeen and in electrical communication 
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With the electrode and the emission layer. The buffer layer 
includes (a) a polymeric hole transport material having 
triarylamine moieties and (b) an electron acceptor material. 
Optionally, the buffer layer includes one or more of a) a 
color converting material, and b) light scattering particles. 

[0008] Another embodiment is a method of making an 
electroluminescent device. The method includes forming an 
electrode, coating a buffer layer from solution over the 
electrode, and disposing an emission layer over the buffer 
layer. The electrode, buffer layer, and emission layer are in 
electrical communication. The emission layer includes a 
light emitting material. The buffer layer includes (a) a 
polymeric hole transport material having triarylamine moi 
eties and (b) an electron acceptor material. Optionally, the 
buffer layer includes one or more of a) a color converting 
material, and b) light scattering particles. 
[0009] The above summary of the present invention is not 
intended to describe each disclosed embodiment or every 
implementation of the present invention. The Figures and 
the detailed description Which folloW more particularly 
exemplify these embodiments. 

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 ?rst embodi 
ment of an electroluminescent device, according to the 
present invention; 

[0013] FIG. 3 is a schematic side vieW of a second 
embodiment of an electroluminescent device, according to 
the present invention; 

[0014] FIG. 4 is a schematic side vieW of a third embodi 
ment of an electroluminescent device, according to the 
present invention; and 

[0015] FIG. 5 is a schematic side vieW of an organic 
electroluminescent display according to the present inven 
tion. 

[0016] 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. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0017] The present invention is believed to be applicable 
to electroluminescent devices, articles containing the elec 
troluminescent devices, and methods of making and using 
the electroluminescent devices and articles. In particular, the 
present invention is directed to organic electroluminescent 
devices containing a buffer layer With a triarylamine mate 
rial and an electron acceptor material, articles containing the 
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organic electroluminescent devices, and methods of making 
and using the organic electroluminescent devices and 
articles. Pixelated and non-pixelated electroluminescent dis 
plays, backlights, and other lighting components are 
examples of some of the articles that can include organic 
electroluminescent devices. While the present invention is 
not so limited, an appreciation of various aspects of the 
invention Will be gained through a discussion of the 
examples provided beloW. 

[0018] Organic electroluminescent device refers to an 
electroluminescent device that includes an organic emissive 
material. The emissive material can include, for example, a 
small molecule (SM) emitter, a SM doped polymer, a light 
emitting polymer (LEP), a doped LEP, a blended LEP, or any 
combination of these materials. This emissive material can 
be provided alone or in combination With any other organic 
or inorganic materials, including, for example, binders, color 
converting materials, and scattering materials, that are func 
tional or non-functional in the organic electroluminescent 
device. 

[0019] 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.” 

[0020] As an example of electroluminescent device struc 
ture, FIG. 1 illustrates an organic electroluminescent device 
100 that includes a device layer 110 and a substrate 120. Any 
other suitable device component can also be included With 
the device 100. Optionally, additional optical elements or 
other devices suitable for use With electronic displays, 
devices, or lamps can be provided betWeen the display 100 
and a vieWer position 140 as indicated by an optional 
element 130. 

[0021] Substrate 120 can be any substrate suitable for the 
electroluminescent device application. For example, sub 
strate 120 can include glass, clear plastic, or other suitable 
material(s) that are substantially transparent to visible light. 
Examples of suitable plastic substrates include those made 
of polymers such as polyole?ns, polyethersulfones, polycar 
bonates, polyesters, and polyarylates. Substrate 120 can also 
be opaque to visible light such as, for example, stainless 
steel, crystalline silicon, poly-silicon, or the like. Because 
some materials in electroluminescent devices can be par 
ticularly susceptible to damage due to exposure to oxygen or 
Water, substrate 120 preferably provides an adequate envi 
ronmental barrier or is supplied With one or more layers, 
coatings, or laminates that provide an adequate environmen 
tal barrier. 

[0022] Substrate 120 can also include any number of 
devices or components suitable in electroluminescent 
devices and displays such as, for example, transistor arrays 
and other electronic devices; color ?lters, polariZers, Wave 
plates, diffusers, and other optical devices; insulators, barrier 
ribs, black matrix, mask Works and other such components; 
and the like. Generally, one or more electrodes is coated, 
deposited, patterned, or otherWise disposed on substrate 120 
before forming the remaining layer or layers of the elec 
troluminescent device or devices of the device layer 110. 
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When a light transmissive substrate 120 is used and the 
organic electroluminescent device or devices are bottom 
emitting, the electrode or electrodes that are disposed 
betWeen the substrate 120 and the emissive material(s) are 
preferably substantially transparent to light. For example, 
transparent conductive electrodes such as indium tin oxide 
(ITO) or any of a number of other semi-transparent or 
transparent conductive oxides or nitrides, or semi-transpar 
ent or transparent metals can be used. 

[0023] Element 130 can be any element or combination of 
elements suitable for use With electroluminescent device 
100. For example, element 130 can be an LCD module When 
device 100 is a backlight. One or more polariZers or other 
elements can be provided betWeen the LCD module and the 
backlight device 100, for instance an absorbing or re?ective 
clean-up polariZer. Alternatively, When device 100 is itself 
an information display, element 130 can include one or more 
of polariZers, Wave plates, touch panels, antire?ective coat 
ings, anti-smudge coatings, projection screens, brightness 
enhancement ?lms, scattering ?lms, light extraction ?lms, 
refractive index gradient ?lms, or other optical components, 
coatings, user interface devices, or the like. 

[0024] In some embodiments like the one shoWn, device 
layer 110 includes one or more electroluminescent 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, for example, substrate 120 is transmissive to light 
emitted by device layer 110 and When a transparent con 
ductive 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, for 
example, 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. In 
yet other embodiments, the device may emit from both the 
top and bottom, in Which case both conductive electrodes are 
preferably transparent or semi-transparent. 

[0025] Device layer 110 can include one or more elec 
troluminescent devices arranged in any suitable manner. For 
example, in lamp applications (e.g., backlights for liquid 
crystal display (LCD) modules), device layer 110 can con 
stitute a single electroluminescent device that spans an entire 
intended backlight area. Alternatively, in other lamp appli 
cations, device layer 110 can constitute a plurality of closely 
spaced electroluminescent devices that can be contempora 
neously activated. For example, relatively small and closely 
spaced red, green, and blue light emitters can be patterned 
betWeen common electrodes so that device layer 110 appears 
to emit White light When the emitters are activated. Other 
arrangements for backlight applications are also contem 
plated. 

[0026] In direct vieW or other display applications, it may 
be desirable for device layer 110 to include a plurality of 
independently addressable electroluminescent devices that 
emit the same or different colors. Each device can represent 
a separate pixel or a separate sub-pixel of a pixilated display 
(e.g., high resolution display), a separate segment or sub 
segment of a segmented display (e.g., loW information 
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content display), or a separate icon, portion of an icon, or 
lamp for an icon (e.g., indicator applications). 

[0027] In at least some instances, an electroluminescent 
device includes a thin layer, or layers, of one or more 
suitable materials sandWiched betWeen a cathode and an 
anode. When activated, electrons are injected into the lay 
er(s) from the cathode and holes are injected into the layer(s) 
from the anode. As the injected charges migrate toWards the 
oppositely charged electrodes, the charges can 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. 

[0028] Other layers can also be present in electrolumines 
cent devices such as hole transport layers, electron transport 
layers, hole injection layers, electron injection layers, hole 
blocking layers, electron blocking layers, buffer layers, and 
the like. In addition, photoluminescent materials can be 
present in the electroluminescent or other layers in elec 
troluminescent devices, for example, to convert the color of 
light emitted by the electroluminescent 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 electroluminescent device, for example, to achieve 
one or more features such as a desired current/voltage 
response, a desired device ef?ciency, a desired color, a 
desired brightness, a desired device lifetime, or a desired 
combination of these features. 

[0029] FIGS. 2, 3, and 4 illustrate examples of different 
electroluminescent device con?gurations Where like ele 
ments are provided the same reference numeral. Each con 
?guration includes a substrate 250, an anode 252, a buffer 
layer 254, an emission layer 256, and a cathode 258. The 
con?gurations of FIGS. 3 and 4 also include a hole trans 
port layer 260 betWeen the buffer layer 254 and the emission 
layer 256. Alternatively or additionally, a hole transport 
layer (not shoWn) may be positioned betWeen the anode and 
the buffer layer. The con?guration of FIG. 4 includes an 
electron transport or electron injection layer 262. The sub 
strate 250 can be made of any of the materials discussed With 
respect to substrate 120 of FIG. 1. Optionally, a hole 
injection layer, electron injection layer, or both can also be 
added or the hole transport layer 260 could be removed. In 
some embodiments, the buffer layer 254 acts, at least in part, 
as a hole injection layer or hole transport layer. In addition, 
any of the layers illustrated in FIGS. 2, 3, and 4 can be 
formed using a single layer of material or multiple layers of 
the same or different materials. The material for each layer 
can be a single compound or a combination of tWo or more 
different compounds. 

[0030] The anode 252 and cathode 258 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, silver, copper, platinum, palladium, alu 
minum, calcium, barium, magnesium, titanium, titanium 
nitride, indium oxide, indium tin oxide (ITO), vanadium 
oxide, Zinc tin oxide, ?uorine tin oxide (FTO), polyaniline, 
polypyrrole, polythiophene, and combinations or alloys of 
these materials. The anode 252 and the cathode 258 can be 
single layers of conducting materials or they can include 
multiple layers. For example, an anode or a cathode can 
include a layer of aluminum and a layer of gold, a layer of 
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calcium and a layer of aluminum, a layer of lithium ?uoride 
and a layer of aluminum, a layer of magnesium and silver, 
a layer of magnesium and silver folloWed by another layer 
of silver, or a metal layer and a conductive organic layer. 

[0031] The emission layer 256 includes one or more light 
emitting materials, such as a small molecule (SM) emitter, 
a SM doped polymer, a light emitting polymer (LEP), a 
doped LEP, a blended LEP, another organic emissive mate 
rial, or any combination of these materials. Examples of 
classes of suitable LEP materials include poly(phenylenevi 
nylene)s (PPVs), poly-para-phenylenes (PPPs), poly?uo 
renes (PFs), other LEP materials noW knoWn or later devel 
oped, and co-polymers or blends thereof. Suitable LEPs can 
also be molecularly doped, dispersed With luminescent dyes 
or other photoluminescent (PL) materials, blended With 
active or non-active materials, dispersed With active or 
non-active materials, and the like. Examples of suitable LEP 
materials are described in, for example, Kraft, et al.,Angew. 
Chem. Int. Ed, 37, 402-428 (1998); US. Pat. Nos. 5,621, 
131; 5,708,130; 5,728,801; 5,840,217; 5,869,350; 5,900, 
327; 5,929,194; 6,132,641; and 6,169,163; and PCT Patent 
Application Publication No. 99/40655, all of Which are 
incorporated herein by reference. 

[0032] SM materials are generally non-polymer organic or 
organometallic molecular materials that can be used in 
organic electroluminescent displays and devices as emitter 
materials, charge transport materials, as dopants in emitter 
layers (e.g., to control the emitted color) or charge transport 
layers, and the like. Commonly used SM materials include 
metal chelate compounds, for example, tris(8-hydrox 
yquinoline) aluminum (AlQ) and derivatives thereof, and 
organic compounds, for example, N,N‘-bis(3-methylphe 
nyl)-N,N‘-bis(phenyl)benZidine (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, US. Pat. Nos. 6,030,715, 6,150,043, and 
6,242,115 and, PCT Patent Applications Publication Nos. 
WO 00/18851 (divalent lanthanide metal complexes), WO 
00/70655 (cyclometallated iridium compounds and others), 
and WO 98/55561, all of Which are incorporated herein by 
reference. 

[0033] The optional hole transport layer 260 facilitates the 
injection of holes from the anode into the device and their 
migration toWards the recombination Zone. The hole trans 
port layer 260 can further act as a barrier for the passage of 
electrons to the anode 252. The hole transport layer 260 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)benZidine (NPD), or a triarylamine derivative, 
such as, 4,4‘,4“-Tris(N,N-diphenylamino)triphenylamine 
(TDATA), 4,4‘,4“-tris(N-3-methylphenyl-N-phenylamino)t 
riphenylamine (MTDATA), 4,4‘,4“-tri(N-phenothiaZinyl) 
triphenylamine (TPTTA), 4,4‘,4“-tri(N-phenoxaZinyl) triph 
enylamine (TPOTA). Other examples include copper phtha 
locyanine (CuPC); 1,3,5-Tris(4-diphenylaminophenyl)ben 
Zenes (TDAPBs); poly(vinyl carbaZole); and other 
compounds such as those described in Shirota, J. Mater. 
Chem., 10, 1 (2000), H. FujikaWa, et al., Synthetic Metals, 
91, 161 (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, 233-274 (2001), all of 
Which are incorporated herein by reference. 

[0034] The optional electron transport layer 262 facilitates 
the injection of electrons and their migration toWards the 
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recombination Zone. The electron transport layer 262 can 
further act as a barrier for the passage of holes to the cathode 
258, if desired. As an example, the electron transport layer 
262 can be formed using the organometallic compound 
tris(8-hydroxyquinolato) aluminum Other examples 
of electron transport materials include 3-(4-biphenylyl)-4 
phenyl-5-(4-tert-butylphenyl)-1,2,4-triaZole (TAZ), 1,3-bis 
[5-(4-(1,1-dimethylethyl)phenyl)-1,3,4-oxadiaZol-2-yl]ben 
Zene, 2-(biphenyl-4-yl)-5-(4-(1,1-dimethylethyl)phenyl)-1, 
3,4-oxadiaZole (tBuPBD) and other compounds described in 
Shirota, J. Mater Chem, 10, 1 (2000), C. H. Chen, et al., 
Macromol. Symp. 125, 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), all 
of Which are incorporated herein by reference. 

[0035] The buffer layer 254 facilitates the injection of 
holes from the anode into the hole transport layer 260 or 
emission layer 256. The buffer layer may also assist in 
planariZation of previously formed layers, such as the anode. 
This planariZation may also assist in reducing or eliminating 
short circuits due to non-uniformity in the anode. In addi 
tion, the buffer layer may facilitate formation of other layers 
on the buffer layer, including the forming of other layers by 
thermal transfer onto the buffer layer. 

[0036] The buffer layer includes a triarylamine material 
and an electron acceptor material. The triarylamine material 
includes at least one compound, including polymers, that has 
one or more triarylamine moieties With formula 1: 

[0037] Where Arl, Ar2, and Ar3 are substituted or unsub 
stituted aryl or arylene functional groups and Where, option 
ally, the triarylamine moiety(ies) is/are coupled to other 
portions of the compound through one or more of the arylene 
functional groups, if present. Examples of suitable materials 
include triphenylamine and biphenyldiamines such as, for 
example, N,N‘-bis(naphthalene-2-yl)-N,N‘-bis(phenyl)ben 
Zidine (NPD), N,N‘-bis(3-methylphenyl)-N,N‘-bis(phenyl 
)benZidine (TPD), and 4,4‘-bis(carbaZol-9-yl)biphenyl 
(CPB). 
[0038] Other examples include triarylamine compounds 
With tetrahedral cores such as compounds having formulas 
2, 3, and 4: 
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-continued 

Si 

[0039] Where each R1 is independently selected (i.e., each 
R1 can be the same or different from the other R1 substituents 
in the formula) from triarylamine moieties (including moi 
eties Which form a triarylamine structure in combination 
With the phenyl group to Which R1 is attached). Examples of 
suitable triarylamine moieties for R1 include formulas 5, 6, 
7, and 8: 
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[0040] Where R2 is alkyl or aryl and each R3, R4, and R5 
is independently H, alkyl, aryl, alkoXy, aryloXy, halo, alky 
lthio, arylthio, or —NRaRb, Where R8 and Rb are aryl or 
alkyl. With respect to Formula 8, in some embodiments, all 
R3 are the same, all R4 are the same, all R5 are the same, or 
any combination thereof (e.g., all R3 and R4 are the same). 
Each aryl or alkyl portion of any of these substituents can be 
substituted or unsubstituted including, for eXample, ?uori 
nated and per?uorinated alkyls. 

[0041] In some embodiments, the triarylamine material 
preferably incorporates one or more arylenediamine link 
ages of the formula 9: 

9 
Ar4 Ar6 

\ 
N — Arg — N 

ATS Af7 

[0042] Where Ar4, Ars, Ar?, Ar7, and Ar8 are substituted or 
unsubstituted aryl or arylene groups and Where, optionally, 
the arylenediamine linkage(s) is/are coupled to other por 
tions of the compound through one or more of the arylene 
functional groups, if present. One preferred arylenediamine 
linkage is a phenylenediamine linkage Where Ar8 is a phe 
nylene group. Examples of suitable compounds of this type 
include those compounds illustrated in Formulas 10-12: 
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10 

R3 R4 

I\ \ I \/\ 
/ / 

[0043] Where each R2 is independently alkyl or aryl and 
each R3 and R4 is independently H, alkyl, aryl, alkoXy, 
aryloXy, arylthio, alkylthio, halo, or —NRaRb, Where R8 and 
Rb are aryl or alkyl. Each aryl or alkyl portion of any of these 
substituents can be substituted or unsubstituted. In some 

embodiments, one of the folloWing conditions applies: all of 
the R3 and R4 substituents are the same; all of the R3 
substituents are the same; all of the R4 substituents are the 
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same; or all of the R3 substituents and all of the R4 substitu 
ents are the same, but R3 and R4 are different. -continued 

15 
[0044] Speci?c examples of suitable compounds of this 
type include 4,4‘,4“-tris(N,N-diphenylamino)tripheny 
lamine (TDATA) (Formula 13), 4,4‘,4“-tris(N-3-methylphe 
nyl-N-phenylamino)triphenylamine (MTDATA) (Formula 
14), 4,4‘,4“-tris(carboZol-9-yl)triphenylamine (TCTA) (For 
mula 15), 4,4‘,4“-tris(N-naphthyl-N-phenylamino)tripheny N N 

lamine (Z-TNATA) (Formula 16): O U 
N 

E Z 

Z 

Z 

(5? T10 TD Q Q 

ONTCCD E Z 

Z 

Z 

[0045] Another eXample is Formula 17 Where each X is 
independently O or S (and preferably all of the X substitu 
ents are the same). 

Q 
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[0046] As an alternative to small molecule triarylamine 
materials, polymeric materials With triarylamine moieties 
can be used. The triarylamine moieties can be in the back 
bone of the polymeric material, can be pendent groups 
extending from the backbone of the polymeric material, or 
both. Polymers With triarylamine moieties in the backbone 
include, for eXample, the polymers of Formulas 18, 19, 20, 
and 21: 

R 18 

I\\ 
/ 

I \ N \ 

I I CM-]m— 
/ / 

19 

Jan. 8, 2004 

-continued 
20 

\ 
_R3 
/ 

| \ N / | 

I I CM-]m— 
/ N \ 

/ | 

\\ 
R4 

21 

R3 

|\\ 
/ 

l \ N 

l / / 

0 N \ 
/ II 

7\ I 
R4 

[0047] Where R3 and R4 are independently H, alkyl, aryl, 
alkoXy, aryloXy, arylthio, alkylthio, halo, or —NRaRb, Where 
R8 and Rb are aryl or alkyl, Ar9 is aryl or arylene, CM is one 
or more comonomers, n is an integer of three or greater and 
preferably 10 or greater, and m is an integer of Zero or 
greater. Each aryl or alkyl portion of any of these substitu 
ents can be substituted or unsubstituted. Suitable comono 

mers, CM, include, for eXample, another triarylamine-con 
taining monomer such as those illustrated in Formulas 18-21 
or 33-34 beloW, arylene (including substituted or unsubsti 
tuted para- or meta-phenylene), substituted or unsubstituted 
styrene comonomers, derivatiZed carbaZole comonomers 
(such as N-alkyl carbaZole or N-aryl carbaZole, for eXample, 
the comomoners as illustrated in Formulas 29 and 32), ether 
and polyether-linked comonomers, carbonate comonomers, 
urethane-linked comonomers, thioether-linked comono 
mers, ester-linked comonomers, and imide- and amide 
linked comonomers. Examples of such comonomers 
include, but are not limited to, —O—(CnH2nO)— and 
—Ar1O—O—(CnH2nO)—A11— Where Ar1O and Ar11 are 
arylene. 

[0048] In some instances, the comonomer contains one or 
more photo- or thermocrosslinking functional groups, such 
a benZocyclobutene (Formula 22) or acrylate or methacry 
late groups, such as, for eXample, the acrylate group of 
Formula 23. 
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22 

23 

[0049] Other examples of cross-linkable moieties are 
described in, for example, PCT Patent Application Publica 
tion No. WO 97/33193, incorporated herein by reference. In 
some embodiments, the polymers containing such cross 
linkable moieties are selected to crosslink under relatively 
mild photochemical or thermal conditions. For example, 
thermal crosslinking may occur at 100 to 150° C. Alterna 
tively, UV-visible radiation in the range of 300 to 700 nm 
might be used to crosslink the polymers. 

[0050] Typically the comonomer is copolymeriZed With 
the triarylamine-containing monomer unit. HoWever, in 
some instances, the comonomer can be coupled to the 
triarylamine-containing monomer unit prior to polymeriZa 
tion. Such a polymer might not be considered a copolymer, 
but rather a homopolymer With the coupled triarylamine 
containing unit/comonomer unit as the basic monomer unit 
of the polymer. Examples of such polymers are illustrated by 
Formulas 24-27. 
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[0051] Speci?c examples of the polymers of Formulas 
24-27 include the polymers of Formulas 28-32: 
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[0052] In Formulas 29-32, the comonomer unit is coupled 
to the triarylamine moiety-containing monomer unit in such 
a Way that the tWo monomer units alternate in the polymer. 

[0053] Formulas 33 and 34 illustrate polymers With tri 
arylamine pendent groups: 

[0054] Where R3, R4, and R5 are independently H, alkyl, 
aryl, alkoxy, aryloxy, arylthio, alkylthio, halo, or —NRaRb, 
Where R8 and Rb are aryl or alkyl, CM is one or more 
comonomers, n is an integer of three or greater and prefer 
ably 10 or greater, and m is an integer of Zero or greater. 
Each aryl or alkyl portion of any of these substituents can be 
substituted or unsubstituted. Suitable comonomers, CM, 
include, for example, another triarylamine-containing 
monomer containing one or more chain polymeriZable moi 
eties, arylenes (including substituted or unsubstituted para 
or meta-phenylene) With one or more chain polymeriZable 
moieties, derivatiZed carbaZole comonomers (such as N-vi 
nyl carbaZole), carbonate comonomers, urethane-linked 
comonomers, thioether-linked comonomers, ester-linked 
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comonomers, imide- and amide-linked comonomers, sub 
stituted or unsubstituted styrene comonomers, (meth)acry 
late comonomers of, for example, C1-C12 alcohols, diene 
comonomers such as, for example, butadiene, isoprene and 
1,3 cyclohexadiene, and other chain-polymeriZable comono 
mers. 

[0055] Typically the comonomer is copolymeriZed With 
the triarylamine-containing monomer unit. HoWever, in 
some instances, the comonomer can be coupled to the 
triarylamine-containing monomer unit prior to polymeriZa 
tion. Such a polymer might not be considered a copolymer, 
but rather a homopolymer With the coupled triarylamine 
containing unit/comonomer unit as the basic monomer unit 
of the polymer. One example is illustrated as Formula 35. 

35 

[0056] It Will be understood that the pendent groups can 
also extend from backbone moieties other than the ethylene 
moieties illustrated in Formulas 33 and 34. Examples of 
other backbone units from Which the triarylamine pendent 
groups can extend include, for example, alkylene (such as 
propylene, butylenes, isoprene, or 1,3-cyclohexadiene), 
silane, arylenes (including substituted or unsubstituted para 
or meta-phenylene), derivatiZed carbaZole monomers (as 
illustrated in Formulas 29 and 32), carbonate monomers, 
urethane-linked monomers, thioethers-linked monomers, 
ester-linked monomers, imide- and amide-linked monomers, 
substituted and unsubstituted styrene monomers, and (meth 
)acrylate monomers. The triarylamine may not be directly 
attached to the backbone, but may be separated from the 
backbone by a spacer group such as, for example, an 
alkylene group (e.g., methylene or ethylene), alkenylene 
(e.g., —(CH=CH)n—, n=1-6), alkynylene (e.g., 
—(CEC)n—, n=1-6), arylene, an alkyl ether (e.g., —CH2— 
O—) group, or any combination of these groups. 

[0057] Speci?c examples of suitable polymers With pen 
dent triarylamine groups include, for example, the polymers 
of Formulas 36-38: 
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[0058] Where each R3, R4, R5, R6, and R7 is independently 
H, alkyl, aryl, alkoxy, aryloxy, arylthio, alkylthio, halo, or 
—NRaRb, Where R8 and Rb are aryl or alkyl. Each aryl or 
alkyl portion of any of these substituents can be substituted 
or unsubstituted. In some embodiments, one or more of the 

following conditions applies: all of the R3, R4, and R5 
substituents are the same; all of the R3 substituents are the 
same; all of the R4 substituents are the same; all of the R5 
substituents are the same; all of the R7 substituents are the 
same; or all of the R3 substituents and all of the R4 substitu 
ents are the same, but R3 and R4 are different. For example, 
R3, R5, R6, and R7 can be H and R4 can be methyl in any of 
Formulas 36-38. 

[0059] Unless otherWise indicated, the term “alkyl” 
includes both straight-chained, branched, and cyclic alkyl 
groups and includes both unsubstituted and substituted alkyl 
groups. Unless otherWise indicated, the alkyl groups are 
typically C1-C20. Examples 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. 

[0060] 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. 

[0061] 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 ?uorene, naphthylene or anthrylene, or 
combinations thereof. Examples of “arylene” as used herein 
include, but are not limited to, benZene-1,2-diyl, benZene 
1,3-diyl, benZene-1,4-diyl, naphthalene-1,8-diyl, 
anthracene-1,4-diyl, ?uorene, phenylenevinylene, phe 
nylenedivinylene, and the like. 

[0062] Unless otherWise indicated, the term “alkoxy” 
refers to the functional group —OR Where R is a substituted 
or unsubstituted alkyl group. Unless otherWise indicated, the 
alkyl group is typically C1-C20. Examples of “alkoxy” as 
used herein include, but are not limited to, methoxy, ethoxy, 
n-propoxy, and l-methylethoxy, and the like. 

[0063] Unless otherWise indicated, the term “aryloxy” 
refers to the functional group —OAr Where Ar is a substi 
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tuted or unsubstituted aryl group. Examples of “aryloXy” as 
used herein include, but are not limited to, phenyloXy, 
naphthyloXy, and the like. 

[0064] Suitable substituents for substituted alkyl, aryl, and 
arylene groups include, but are not limited to, alkyl, alky 
lene, aryl, arylene, heteroaryl, heteroarylene, alkenyl, alk 
enylene, —NRR‘, F, Cl, Br, I, —OR, —SR, cyano, nitro, 
—COOH, and —COO-alkyl Where R and R‘ are indepen 
dently hydrogen, alkyl, or aryl. 

[0065] Unless otherWise indicated, the term “halo” 
includes ?uoro, chloro, bromo, and iodo. 

[0066] Unless otherWise indicated, the term “polymer” 
includes homopolymers and copolymers including block 
copolymers and random copolymers. 

[0067] In addition to the triarylamine material, the buffer 
layer also includes an electron acceptor material to improve 
electron transport. Preferably, such compounds have rela 
tively high electron affinity and relatively loW energy of the 
loWest unoccupied molecular orbital (LUMO). Suitable 
electron acceptor materials include electron de?cient com 
pounds such as, for eXample, tetracyanoquinodimethane and 
derivatives, thiopyranylidines, polynitro?uorenones, tetra 
cyanoethylene (TCNE), chloranil, and other compounds 
commonly used as electron acceptors in charge transfer 
materials and electrophotography. Speci?c examples of 
electron acceptor materials include tetracyanoquin 
odimethane (TCNQ) (Formula 39), tetra?uoro-tetracyano 
quinodimethane (F4-TCNQ) (Formula 40), tetracyanoethyl 
ene, chloranil, 2-(4-(1-methylethyl)phenyl-6-phenyl-4H 
thiopyran-4-ylidene)-propanedinitrile-1,1-dioXyide 
(PTYPD) (Formula 41), and 2,4,7-trinitro?uorenone (For 
mula 42). 
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[0068] Preferably, the electron acceptor material is soluble 
in one or more organic solvents, more preferably, one or 
more organic solvents in Which the triarylamine material is 
also soluble. Typically, the electron donor material is present 
in the buffer layer in the range of 0.5 to 20 Wt. % of the 
triarylamine material. In some embodiments, the electron 
donor material is present in the buffer layer in the range of 
1 to 5 Wt. % of the triarylamine material. 

[0069] The buffer layer optionally includes a polymeric 
binder. The polymeric binder can include inert or electro 
active polymers or combinations thereof. Suitable polymers 
for the polymeric binder include, for eXample, polystyrene, 
poly(N-vinyl carbaZole), poly?uorenes, poly(para-phe 
nylenes), poly(phenylenevinylenes), polycarbonates, poly 
imides, polyole?ns, polyacrylates, polymethacrylates (for 
eXample, poly(methylmethacrylate)), polyethers, polysul 
fones, polyether ketones, and copolymers or miXtures 
thereof. If the triarylamine material includes a triarylamine 
containing polymer, that polymer can act as or in coopera 
tion With a polymeric binder, if desired. If used, the poly 
meric binder is typically provided in the range of 20 to 150 
Wt. %, preferably 70 to 120 Wt. %, of the triarylamine 
material. 

[0070] In some embodiments, the polymeric binder can be 
photochemically or thermally crosslinked With itself or With 
other components in the buffer layer. Accordingly, a ther 
mochemical or photochemical crosslinking agent, such as, 
for eXample, 2,6-bis(4-aZidobenZylidene)—4-methylcyclo 
heXanone, can optionally be included in the buffer layer. 
Crosslinking can be desirable for one or more purposes, such 
as decreasing the migration of buffer layer components out 
of the buffer layer, decreasing the migration of other mate 
rials into the buffer layer, increasing thermal stability, 
increasing mechanical stability, increasing morphological 
stability, increasing buffer layer stability, and increasing 
layer integrity, particularly during further solution process 
ing. Crosslinking the buffer layer can also facilitate manu 
facture of a device by providing a buffer layer upon Which 
other layers can be solution coated or cast With substantially 
less concern about dissolving the buffer layer. 

[0071] The buffer layer can optionally include a color 
converting material. This material can be a luminescent or 
non-luminescent organic, organometallic, or inorganic com 
pound or combinations thereof. The color converting mate 
rial changes the color of electroluminescence from an emit 
ting layer by selective absorption of light or by absorption of 
light and re-emission of the light in a different spectral 
range. Suitable materials include, for eXample, dyes, pig 
ments, and nanoparticles. Examples of suitable non-lumi 
nescent and luminescent dyes include: aZo dyes (eg C.I. 
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Direct Green 26 and others), anthraquinone dyes (eg C.I. 
Reactive Blue 4 and others), indigoid dyes (eg Tyrian 
Purple and others), triphenylmethane-based dyes (eg Eosin 
and others), coumarin dyes (eg Coumarin 6 and others), 
metal porphyrins (e.g. platinum [II] octaethylporphyrin and 
others), cyclometalated transition metal complexes (e.g. 
iridium tris(2-phenylpyridine) and others), and other dyes 
including those discussed in H. Zollinger, Color Chemistry, 
1991, VCH Publishers: NeW York, and The Chemistry and 
Application of Dyes, Ed. By D. R. Waring and G. Halls, 
1990, Plenum Press: NeW York, both of Which are incorpo 
rated herein by reference. Examples of nanoparticles suit 
able for color conversion can be found in M. BrucheZ et al., 
Science 281, 2013 (1998), incorporated herein by reference. 
The color converting material can be polymeric With color 
converting moieties in the backbone, on pendant chains, or 
both. The color converting material, if used, is typically 
included in the buffer layer in an amount in the range of 0.1 
to 100 Wt. %, preferably 0.1 to 10 Wt. %, of the triarylamine 
material. 

[0072] The buffer layer can also optionally include scat 
tering material, such as small particles, nanocrystals, or 
clusters. Examples of suitable materials include clays, 
oxides, metals, and glasses. Speci?c examples of suitable 
materials include titania, alumina and silica poWders having 
a mean particle siZe of approximately 0.05 to 0.2 microns, 
and added to the buffer layer composition in a concentration 
of from 0.1 to 20% by Weight, and preferably from about 
1-5% by Weight. 

[0073] The buffer layer 254 is formed by solution coating 
the material of the buffer layer onto the substrate 250. After 
formation of the buffer layer 254, additional layers, such as 
the hole transport layer 260 or emission layer 256, can be 
formed on the buffer layer by a variety of techniques 
including, for example, solution coating, physical or chemi 
cal vapor deposition, and thermal transfer, including light 
induced thermal transfer as described beloW. 

[0074] An organic solvent is used to make the solution for 
the buffer layer. Examples of suitable organic solvents 
include carbon tetrachloride, toluene, chloroform, 1,2 
dichloroethane, 1,2-dichlorobenZene, tetrahydrofuran, pyri 
dine, and the like. The remaining materials of the buffer 
layer are typically dispersible or, preferably, soluble in the 
organic solvent. 

[0075] In some conventional device formation methods, 
layers are formed using solutions of components in Water. A 
draWback of these methods is that some of the device 
materials are degraded in the presence of Water or irrevers 
ible physical changes may occur leading to device degra 
dation. Thus, if a layer is formed using a Water solution, the 
Water generally must be completely removed. On the other 
hand according to the invention, organic solvents can be 
chosen that are easier to remove or do not degrade materials 
in the device or both. 

[0076] In other conventional device formation methods, 
the materials of a layer are disposed by vapor deposition. A 
number of materials are difficult to accurately and consis 
tently deposit by vapor deposition methods. Included in 
these materials are a variety of polymers and ionic com 
pounds. Thus, it can be difficult to deposit materials such as 
a polymeric binder and cross-linking agent using vapor 
deposition techniques. In addition, the consistency and uni 
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formity of a vapor deposited composition becomes increas 
ingly difficult when the composition contains multiple com 
ponents. On the other hand according to the invention, 
forming a buffer layer by solution coating can facilitate the 
use of materials such as polymeric binders, polymeric tri 
arylamine materials, crosslinking agents, dyes, pigments, 
scattering particles, and so on. In addition, the coating 
technique permits the use of multi-component systems When 
all of the components are soluble or dispersible in the 
solvent. 

[0077] As an alternative to solution coating the buffer 
layer material directly onto the substrate or depositing the 
buffer layer material using ink jet techniques, the buffer 
layer material can be coated onto a donor sheet and then 
transferred by techniques such as thermal transfer to the 
substrate. This can be particularly useful for patterning the 
buffer layer onto the substrate. For example, the buffer layer 
material can be selectively transferred from the donor sheet 
to the substrate according to a pattern by selective applica 
tion of, for example, light or heat to the donor sheet. This can 
be useful, for example, to pattern individual buffer layers 
With a different color converting materials (or lack of color 
converting material) onto the substrate. Thus, a full-color 
display could be formed using, for example, three different 
buffer layers With three different color converting materials 
(or tWo different color converting materials and the third 
buffer layer lacking a color converting material). Other 
methods of selectively patterning color converting materials 
in buffer layer(s) include, for example, thermal diffusion of 
the color converting material, inkjet transfer of the buffer 
material With (or Without) color converting materials onto 
the substrate, and selective photobleaching. 

[0078] Suitable thermal transfer methods for transferring a 
buffer layer or other device layers to the substrate or onto a 
previously-formed buffer layer include, for example, ther 
mal head transfer methods and light-induced thermal trans 
fer methods. The presence of the buffer layer on the substrate 
can, at least in some instances, facilitate the transfer of other 
layers to the substrate by these methods. Materials, layers, or 
other structures can be selectively transferred from the 
transfer layer of a donor sheet to a receptor substrate by 
placing the transfer layer of the donor element adjacent to 
the receptor and selectively heating the donor element. For 
example, the donor element can be selectively heated by 
irradiating the donor element With imaging radiation that can 
be absorbed by light-to-heat converter material disposed in 
the donor, often in a separate light-to-heat conversion 
(LTHC) layer, and converted into heat. Examples of such 
methods, donor elements and receptors, as Well as articles 
and devices that can be formed using thermal transfer, can 
be found in US. Pat. Nos. 5,521,035, 5,691,098, 5,693,446, 
5,695,907, 5,710,097, 5,725,989, 5,747,217, 5,766,827, 
5,863,860, 5,897,727, 5,976,698, 5,981,136, 5,998,085, 
6,057,067, 6,099,994, 6,114,088, 6,140,009, 6,190,826, 
6,194,119, 6,221,543, 6,214,520, 6,221,553, 6,228,543, 
6,228,555, 6,242,152, 6,270,934, and 6,270,944 and PCT 
Patent Applications Publication Nos. W0 00/ 69649 and WO 
01/39986 and US. patent application Ser. Nos. 09/662,845, 
09/662,980, 09/844,100, and 09/931,598, all of Which are 
incorporated herein by reference. The donor can be exposed 
to imaging radiation through the donor substrate, through 
the receptor, or both. The radiation can include one or more 
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Wavelengths, including visible light, infrared radiation, or 
ultraviolet radiation, for example from a laser, lamp, or other 
radiation source. 

[0079] Other selective heating methods can also be 
employed, such as using a 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 heat a donor). Thermal print heads or 
other heating elements may be particularly suited for making 
loWer resolution patterns of material or for patterning ele 
ments Whose placement need not be precisely controlled. 

[0080] Material from the 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., a line, 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. 

[0081] Transfer layers can also be transferred from donor 
sheets Without selectively transferring the transfer layer. For 
example, a transfer layer can be formed on a donor substrate 
that, in essence, acts as a temporary liner that can be released 
after the transfer layer is contacted to a receptor substrate, 
typically With the application of heat or pressure. Such a 
method, referred to as lamination transfer, can be used to 
transfer the entire transfer layer, or a large portion thereof, 
to the receptor. 

[0082] A donor sheet for light-induced thermal transfer 
can include, for example, a donor substrate, an optional 
underlayer, an optional light-to-heat conversion (LTHC) 
layer, an optional interlayer, and a transfer layer. The donor 
substrate can be a polymer ?lm or any other suitable, 
preferably transparent, substrate. The donor substrate is also 
typically selected from materials that remain stable despite 
heating of one or more layers of the donor. HoWever, the 
inclusion of an underlayer betWeen the substrate and an 
LTHC layer can be used to insulate the substrate from heat 
generated in the LTHC layer during imaging. 

[0083] The underlayer can include materials that impart 
desired mechanical or thermal properties to the donor ele 
ment. For example, the underlayer can include materials that 
exhibit a loW value for the mathematical product of speci?c 
heat and density or loW thermal conductivity relative to the 
donor substrate. Such an underlayer may be used to increase 
heat How to the transfer layer, for example to improve the 
imaging sensitivity of the donor. The underlayer can also 
include materials for their mechanical properties or for 
adhesion betWeen the substrate and the LTHC. 

[0084] An LTHC layer 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 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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[0085] An optional interlayer can be disposed betWeen the 
LTHC layer and transfer layer. The interlayer can be used, 
for example, to minimiZe damage and contamination of the 
transferred portion of the transfer layer and may also reduce 
distortion in the transferred portion of the transfer layer. The 
interlayer can also in?uence 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 trans 
ferred image non-functional. The interlayer typically 
remains in contact With the LTHC layer during the transfer 
process and is not substantially transferred With the transfer 
layer. 

[0086] The interlayer can provide a number of bene?ts, if 
desired. The interlayer can be a barrier against the transfer 
of material from the light-to-heat conversion layer. It can 
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 inter 
layer and the transfer layer relative to the temperature 
attained in the LTHC layer. This can improve the quality 
(i.e., surface roughness, edge roughness, etc.) of the trans 
ferred layer. The presence of an interlayer can also result in 
improved plastic memory in the transferred material. 

[0087] The thermal transfer layer includes the buffer mate 
rial to form the buffer layer, if desired, or appropriate 
materials to form other layers depending on the desired 
thermal transfer. For example, other layers of the device, 
such as the hole transport layer or the emission layer, can be 
transferred onto the substrate or onto the buffer layer or other 
layers disposed on the substrate by these methods. Such 
transfer can be sequential using multiple donor sheets or, in 
some embodiments, multiple layers can be transferred using 
a single donor sheet With the transfer layer having individual 
sublayers. 

[0088] The present invention contemplates light emitting 
OEL displays and devices. In one embodiment, OEL dis 
plays can be made that emit light and that have adjacent 
devices that can emit light having different color. For 
example, FIG. 5 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. 

[0089] The separation shoWn betWeen devices 310 is for 
illustrative purposes only. Adjacent devices may be sepa 
rated, in contact, overlapping, etc., or different combinations 
of these in more than one direction on the display substrate. 
For example, a pattern of parallel striped transparent con 
ductive anodes can be formed on the substrate folloWed by 
a striped pattern of a hole transport material and a striped 
repeating pattern of red, green, and blue light emitting LEP 
layers, folloWed by a striped pattern of cathodes, the cathode 
stripes oriented perpendicular to the anode stripes. Such a 
construction may be suitable for forming passive matrix 
displays. In other embodiments, transparent conductive 
anode pads can be provided in a tWo-dimensional pattern on 
the substrate and associated With addressing electronics such 
as one or more transistors, capacitors, etc., such as are 
suitable for making active matrix displays. Other layers, 
including the light emitting layer(s) can then be coated or 
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deposited as a single layer or can be patterned (e.g., parallel 
stripes, tWo-dimensional pattern commensurate With the 
anodes, etc.) over the anodes or electronic devices. Any 
other suitable construction is also contemplated by the 
present invention. 

[0090] In one embodiment, display 300 can be a multiple 
color display. As such, it may be desirable to position 
optional polariZer 330 betWeen the light emitting devices 
and a vieWer, for example to enhance the contrast of the 
display. In exemplary embodiments, each of the devices 310 
emits light. There are many displays and devices construc 
tions covered by the general construction illustrated in FIG. 
3. Some of those constructions are discussed as folloWs. 

[0091] OEL backlights can include emissive layers. Con 
structions 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, and other layers and materials 
suitable in OEL devices. Constructions can also include 
polariZers, diffusers, light guides, lenses, light control ?lms, 
brightness enhancement ?lms, and the like. Applications 
include White or single color large area single pixel lamps, 
for example Where an emissive material is provided by 
thermal stamp transfer, lamination transfer, resistive head 
thermal printing, or the like; White or single color 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. 

[0092] LoW resolution OEL displays can include emissive 
layers. Constructions can include bare or circuitiZed sub 
strates, anodes, cathodes, hole transport layers, electron 
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 control ?lms, brightness enhancement ?lms, and the 
like. Applications include graphic indicator lamps (e.g., 
icons); segmented alphanumeric displays (e.g., appliance 
time indicators); small monochrome passive or active matrix 
displays; small monochrome passive or active matrix dis 
plays plus graphic indicator lamps as part of an integrated 
display (e.g., cell phone displays); large area pixel display 
tiles (e.g., a plurality of modules, or tiles, each having a 
relatively small number of pixels), such as may be suitable 
for outdoor display used; and security display applications. 

[0093] High resolution OEL displays can include emissive 
layers. Constructions can include bare or circuitiZed sub 
strates, anodes, cathodes, hole transport layers, electron 
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 control ?lms, brightness enhancement ?lms, and the 
like. Applications include active or passive matrix multi 
color or full color displays; active or passive matrix multi 
color or full color displays plus segmented or graphic 
indicator lamps (e.g., laser induced transfer of high resolu 
tion devices plus thermal hot stamp of icons on the same 
substrate); and security display applications. 
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EXAMPLES 

[0094] All chemicals are available from Aldrich Chemical 
Co., MilWaukee, Wis., unless otherWise indicated. 

[0095] Preparation of ITO Substrates 

[0096] For Examples 1-13, ITO substrates Were prepared 
as folloWs: ITO (indium tin oxide) glass substrates (Applied 
Films Corporation, CO; ca. 25 Q/sq.) Were rinsed in acetone 
(Aldrich Chemical Company), dried With nitrogen, and 
rubbed With TX1010 Vectra Sealed-Border Wipers (ITW 
TexWipe, Upper Saddle River, N.J.) soaked in methanol 
(Aldrich Chemical Company, MilWaukee, Wis.), after Which 
they Were subjected to oxygen plasma treatment for four 
minutes at 200 mT (about 27 Pa) base oxygen pressure and 
output poWer of 50 W in Technics Micro Reactive Ion 
Etcher, Series 80 (K&M Company, CA). The OLED’s 
described beloW Were generally 1 to 1.5 cm2 in siZe. 

Comparative Example 1 and Examples 1-3 

Buffer Layers Containing of Triarylamine Materials 
With Electrically Inert Polymers 

[0097] This Example describes the formation of OLEDs 
having a solution-processed hole-injecting buffer layer 
incorporating 4,4‘,4“-tris(N-3-methylphenyl-N-phenylami 
no)triphenylamine (MTDATA) as a triarylamine material, 
polystyrene (PS) as an electrically inert polymer binder, and 
tetra?uoro-tetracyanoquinodimethane (F4-TCNQ) or tetra 
cyanoquinodimethane (TCNQ) as an electron accepting 
dopant material. 

[0098] The OLED is prepared by vapor depositing, onto 
an ITO substrate With a buffer layer, 20 nm of N,N‘ 
bis(naphthan-2-yl)-N,N‘-bis(phenyl)benZidine (NPD, H. W. 
Sands Corp., Jupiter, Fla.), folloWed by 30 nm of aluminum 
tris(8-hydroxyquinolate) (AlQ, H. W. Sands Corp, Jupiter, 
Fla.) doped With ca. 1 Wt. % of green-emitting Coumarin 
545T (C545T, Eastman Kodak Co., Rochester, NY), and 
folloWed by 20 nm of AlQ. The OLED Was capped With a 
cathode composed of ca. 0.7 nm of lithium ?uoride (LiF, 
Alfa Aesar Co., Ward Hill, Mass.) and 200 nm of aluminum 
(Al, Alfa Aesar Co., Ward Hill, Mass.). In this OLED 
construction, the NPD layer acts as a hole-transport layer 
and electron-blocking layer, the layer of AlQ doped With 
C545T (AlQzC545T) acts as a light emitting layer, and the 
layer of AlQ acts as an electron injection and transport layer. 
These OLED constructions are further referred to as “/NPD/ 

AlQzC545T/AlQ/LiF/Al”. 

[0099] All organic and cathode layers except the buffer 
layers Were fabricated in a standard vacuum-deposition 
proscedure at a base vacuum of ca. 10-7 to 10-5 torr (about 
10 to 10'3 Pa) With evaporation rates of ODS-0.2 nm/s for 
organic materials, 0.05 nm/s for LiF, and 1.5-2 nm/s for A1. 

[0100] In Comparative Example 1, polypyrrole (PPY, Ald 
rich Chemical Co.) Was used as a control hole-injecting 
buffer layer for purposes of comparison of the OLED 
behavior of the devices deposited onto PPY and onto doped 
triarylamine-based buffer layers. PPY Was spun-coat from 
its Water suspension after ?ltering the suspension through 
0.2 pm Nylon micro?lters, folloWed by annealing under 
nitrogen gas ?oW at 110° C. for ca. 15 min. 

[0101] In Examples 1-4, OLEDs With buffer layers con 
taining MTDATA, PS, and TCNQ Were prepared and their 
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performance evaluated along With that of the control PPY 
based OLEDs. MTDATA, PS, and TCNQ Were purchased 
from H W Sands Corp. (Jupiter, Fla.), Polysciences Inc. 
(Eppelheim, Germany), and TCI America (Portland, Oreg.), 
respectively. The buffer layers Were spun-coat from their ca. 
1.5 Wt. % solutions in toluene at the spin-rate of 2000 RPM 
(about 33 s_1) to form ca. 90 nm thick ?lms on the ITO 
coated substrates. The device structures are glass-ITO/buffer 
layer/NPD/AlQ:C545T/AlQ/LiF/Al. The buffers layers for 
the Examples are: 

[0102] Comparative Example 1: PPY 

[0103] Example. 1: 31 Wt. % PS, 62 Wt. % MTDATA, 
and 7 Wt. % TCNQ 

[0104] Example 2: 47 Wt. % PS, 46 Wt. % MTDATA, 
and 7 Wt. % TCNQ 

[0105] Example 3: 62 Wt. % PS, 31 Wt. % MTDATA, 
and 7 Wt. % TCNQ 

[0106] No short-circuiting Was observed in any of the 
studied electroluminescent lamps. For Examples 1-3, the 
OLEDs shoWed high operational ef?ciency and loW opera 
tional voltages, With operational voltages decreasing With 
increasing triarylamine concentration. 

Examples 5-6 

Buffer Layers Containing Triarylamines and an 
Electroactive Polymer Binder 

[0107] High bandgap hole-transporting poly(N-vinylcar 
baZole) (PVK, Polymer Source Inc., Dorval, Quebec) having 
relatively high oxidation potential (ca. 1V vs. SCE) and loW 
hole mobility (ca. 10-6-10-5 cm2/V*s (about 10-10-10-9 
m2/V s)) Was used as an electroactive binder in the folloWing 
buffer compositions: a) 60 Wt. % PVK and 40 Wt. % 
MTDATA, and b) 56 Wt. % PVK, 37 Wt. % MTDATA, and 
7 Wt. % F4-TCNQ. These buffer layers Were spun-coat from 
their ca. 1.5% Wt. solutions in toluene at the spin-rate of 
2000 RPM (about 33 s_1) to form ca. 90 nm thick ?lms on 
the ITO coated substrates. 

[0108] OLED devices Were made as described above for 
Comparative Example 1 and Examples 1-3, except that the 
buffer layers corresponded to: 

[0109] Example 5: 60 Wt. % PVK and 40 Wt. % 
MTDATA 

[0110] Example 6: 56 Wt. % PVK, 37 Wt. % 
MTDATA, and 7 Wt. % F4-TCNQ 

[0111] No short-circuiting Was observed in any of the 
studied electroluminescent lamps. Luminance-voltage-cur 
rent density screening of the OLEDs indicated that high 
ef?ciencies can be obtained in the composition including 
triarylamine-based buffers along With loW operational volt 
ages. Doping the PVK:MTDATA blend With F4-TCNQ 
signi?cantly loWered the operational voltage of the OLEDs. 
Operational lifetime studies on the triarylamine-based com 
positions, in Which the OLEDs Were driven at a constant 
current of ca. 1.8 mA/cm2 (about 18 A/m2) under inert 
atmosphere, shoW that projected operation lifetimes of these 
OLEDs extend into 103-104 hours range at an initial lumi 
nance of several hundred Cd/m2. 
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Examples 7 and 8 

Buffer Layers Contains Copolymers With 
Triarylamine Moieties Pendant to a Polyole?n 

Backbone 

[0112] In this Example, doped triarylamine buffer layers 
based on copolymers incorporating triarylamine moieties as 
a functionality pendant to a polyole?n backbone Were incor 
porated into OLEDs. 

[0113] A block co-polymer of styrene With diphenylami 
nostyrene (PS-pDPAS), having approximately 6:1 molar 
ratio of the monomers Was synthesiZed and screened as a 
triarylamine-containing polymer. 
[0114] All materials are available from Aldrich Chemical 
Co., MilWaukee, Wis., With the exception of p-diphenylami 
nostyrene, and as Where noted. This monomer Was synthe 
siZed by a preparation similar to that described by G. N. TeW, 
M. U. Pralle, and S. I. Stupp inAngew. Chem. Int. Ed., 2000, 
39, 517, incorporated herein by reference. 

[0115] Synthesis of p-diphenylaminostyrene 

[0116] To a mixture of 4-(diphenylamino)benZaldehyde 
(20.06 g, 73 mmol, Fluka Chemical Co., MilWaukee, Wis.), 
methyltriphenyl phosphonium bromide (26.22 g, 73 mmol) 
and dry tetrahydrofuran (450 mL) under nitrogen Was added 
a IM solution of potassium t-butoxide in tetrahydrofuran (80 
mL, 80 mmol) over 5 minutes. The mixture Was stirred for 
17 hours at room temperature. Water (400 mL) Was added 
and the tetrahydrofuran Was removed under reduced pres 
sure. The mixture Was extracted With ether, and the com 
bined organic layers Were dried over MgSO4 and concen 
trated under vacuum. The crude solid Was puri?ed by 
column chromatography on silica gel using a 50/50 mixture 
of methylene chloride and hexane to give a yelloW solid that 
Was further recrystalliZed once from hexane (15.37 g, 78%). 

[0117] Synthesis of Block Co-Polymer of Styrene With 
Diphenylaminostyrene (PS-pDPAS) 
[0118] A round-bottom glass reactor Was baked out under 
vacuum at 200° C. for 2 hours, then alloWed to cool. The 
reactor Was ?lled With dry nitrogen. Subsequently, 71.8 g of 
cyclohexane and 4.4 mL of tetrahydrofuran (THF) Were 
added to the reactor by syringe. The THF Was distilled from 
sodium/benZophenone solution under nitrogen prior to use, 
in order to scavenge Water and oxygen. The cyclohexane 
Was dried by passage through activated basic alumina, 
folloWed by sparging With nitrogen gas for 30 minutes prior 
to use. After addition of the solvents, the reaction ?ask Was 
cooled to 3° C. in an ice Water bath, after Which 0.02 mL of 
styrene Was added to the reactor. The styrene had previously 
been passed through activated basic alumina to remove 
inhibitors and Water, and sparged With nitrogen gas to 
remove oxygen. Asolution of s-butyllithium in cyclohexane 
(0.4 mL, 1.3 mol/L) Was subsequently added to the reactor. 
The solution immediately turned orange, characteristic of 
the formation of polystyryl anion. After stirring at 3° C. for 
2 hours, a solution of p-diphenylaminostyrene (1.61 g) in 
cyclohexane (20 mL) Was added to the reactor by cannula. 
This solution had previously been degassed by repeatedly 
freeZing it With liquid nitrogen and exposing it to vacuum. 
The solution Was stirred overnight While Warming to room 
temperature. The reaction Was then terminated by addition 
of methanol, precipitated into a mixture of methanol and 
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isopropanol, and dried under in a vacuum oven overnight, 
yielding 3.2 g of polymer. The resulting PS-pDPAS block 
polymer contained 74.1 mol % styrene and 25.9 mol % 
p-diphenylaminostyrene, based on 13C NMR. The molecular 
Weight of the block copolymer Was 7700 g/mol, based on gel 
permeation chromatography in THF against polystyrene 
standards. 

[0119] OLED Preparation 

[0120] OLEDs Were formed as described in the Compara 
tive Example 1 and Examples 1-3 except that the buffer 
layers Were as folloWs: 

[0121] Example 7: PS-pDPAS 

[0122] Example 8: 93 Wt. % PS-pDPAS and 7 Wt. % 
F4-TCNQ 

[0123] These buffer layers Were spun-coat from their ca. 
1.5% Wt. solutions in toluene at the spin-rate of 2000 RPM 
(about 33 s_1) to form ca. 90 nm thick ?lms on the ITO 
coated substrates. 

[0124] No short-circuiting Was observed in any of the 
studied electroluminescent lamps. Luminance-voltage-cur 
rent density screening of the OLEDs indicated that high 
ef?ciencies and loW operational voltages Were obtained. 
Doping PS-pDPAS With F4-TCNQ signi?cantly loWered the 
operational voltage of the OLEDs. 

Comparative Example 2 and Examples 9 and 10 

[0125] Buffer Layers Containing Conjugated Copolymers 
With Triarylamine Moieties in the Backbone 

[0126] This describes the preparation and characteriZation 
of an OLED With doped co-polymer based triarylamine hole 
injecting buffer layers. The buffer layers include PEDT 
(poly(3,4-ethylenedioxythiophene) available as CH8000 
from Bayer A G, Leverkusen, Germany), undoped poly{(9 
phenyl-9H-carbaZole-3,6-diyl)[N,N‘-bis(phenyl-4-yl)-N,N‘ 
bis(4-butylphenyl)benZene-1,4-diamine]} (CZ-triary 
lamine), and CZ-triarylamine doped With F4-TCNQ. An 
advantage of using CZ-triarylamine as a triarylamine-con 
taining co-polymer for hole injecting buffer layers lies in the 
presence of phenylenediamine linkages, Which typically 
cause loWer ioniZation potential (higher energy of the high 
est occupied molecular orbital). This provides favorable 
conditions for increased conductivity due to doping With 
electron acceptors (e.g. F4-TCNQ). 

[0127] 3,6-Dibromo-9-phenylcarbaZole Was made accord 
ing to M. Park, J. R. Buck, C. J. RiZZo, J. Carmelo. 
Tetrahedron 119, 54 (42), 12707-12714, incorporated herein 
by reference. N,N‘-bis(4-bromophenyl)-N,N‘-bis(4-bu 
tylphenyl)benZene-1,4-diamine can be obtained in tWo steps 
from 1,4-phenylenediamine as reported in Raymond et al., 
Polymer Preprints 2001, 42(2), 587-588, incorporated herein 
by reference. Tricaprylylmethylammonium chloride is avail 
able from Aldrich Chemical Company under the trade name 
Aliquat® 336. All other materials Were obtained from Ald 
rich Chemical Company. 

[0128] Preparation of 9-Phenyl-3,6-bis(4,4,5,5-tetram 
ethyl-1,3,2-dioxaborolan-2-yl)-9H-carbaZole 
[0129] A 2L ?ask Was charged With 600 mL dry THF and 
3,6-dibrimo-9-phenylcarbaZole (60 g, 0.15 mole). This Was 
cooled to —78° C. With an acetone-dry ice bath. n-Butyl 
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lithium (138 mL of a 2.5M solution in hexanes, 0.34 mole) 
Was added drop-Wise via syringe. The reaction Was stirred 
for 20 minutes and then Warmed to —50° C. The temperature 
Was reduced to —78° C. and 2-isopropoxy-4,4,5,5-tetram 
ethyl-1,3,2-dioxaborolane (64 g, 0.34 mole) added via 
syringe at such a rate as to maintain the temperature beloW 
—60° C. The reaction Was maintained at —78° C. for tWo 
hours and then poured into an aqueous solution of ammo 
nium acetate (90 g in 2100 mL Water). The layers Were phase 
separated and the aqueous phase extracted With methyl 
tert-butyl ether (2><200 mL). The combined organic phase 
and extracts Were Washed With brine (2><200 mL) and dried 
over magnesium sulfate. Concentration and re-crystalliZa 
tion of the solid obtained form acetone gave pure 9-phenyl 
3,6-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-9H 
carbaZole (12 g, 16% yield). 

[0130] Preparation of Poly{(9-phenyl-9H-carbaZole-3,6 
diyl)[N,N‘-bis(phenyl-4-yl)—N,N‘-bis(4-butylphenyl)ben 
Zene-1,4-diamine)]} (CZ-triarylamine—Formula 32 Above) 
[0131] In a 50 mL round bottomed ?ask ?tted With a 
rubber septum and re?ux condenser Were introduced 9-phe 
nyl-3,6-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl) 
9H-carbaZole (0.79 g, 1.59 mmole, 5 equivalents), N,N‘ 
bis(4-bromophenyl)-N,N‘-bis(4-butylphenyl)benZene-1,4 
diamine (0.65 g, 0.952 mmol, 3 equivalents), Aliquat® 336 
(0.16 g, 0.405 mmole, 1.28 equivalents), 2M sodium car 
bonate solution (5.4 mL, 10.8 mmol, 34 equivalents) and 20 
mL toluene. This Was purged With a stream of nitrogen for 
30 min. Under a nitrogen purge, tetrakistriphenylphosphine 
palladium (0) (10 mg, 0.0.0068 mmole, 0.02 equivalents) 
Was added. The reaction mixture Was then re?uxed for 16 
hrs. A solution of 0.5 g bromobenZene in 5 mL purged 
toluene Was added folloWed by and a further charge of 
tetrakistriphenylphosphine paladium (0) (10 mg) and re?ux 
ing then continued for a further 16 hrs. 

[0132] The reaction Was then cooled to room temperature 
and 30 mL Water added. The organic layer Was separated and 
Washed With Water folloWed by brine. Precipitation into 
methanol, ?ltration and vacuum drying of the solid thus 
obtained gave 0.62 g of the required hole transport polymer. 
Molecular Weight determination by gel permeation chroma 
tography versus polystyrene standards gave MW 239x103, 
Mn 1.49><103 and polydispersity of 1.67 

[0133] OLED Preparation 

[0134] OLEDs Were formed as described in the Compara 
tive Example 1 and Examples 1-3 except that the buffer 
layers Were as folloWs: 

[0135] Comparative Example 2: PEDT 

[0136] Example 9: CZ-triarylamine 

[0137] Example 10: 93 Wt. % CZ-triarylamine and 7 
WI. % F4-TCNQ. 

[0138] These buffer layers Were spun-coat from their ca. 
1.5% Wt. solutions in toluene at the spin-rate of 2000 RPM 
(about 33 s_1) to form ca. 90 nm thick ?lms on the ITO 
coated substrates. 

[0139] No short-circuiting Was observed in any of the 
studied electroluminescent lamps. Devices With both doped 
and undoped CZ-triarylamine-based buffer layer shoWed 
high external quantum ef?ciencies. Devices With undoped 










