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L. ganic Light Emitting Devices Comprising a Doped Triazine Electron Transport Layer

2425773

FIELD
[001] The present disclosure relates to organic light emitting devices containing
a doped triazine electron transport layer.

REFERENCES

[002] Organic light emitting devices (OLEDs) are useful for display applications
and, in particular, mobile hand held display applications. In general, an OLED
comprises an anode, a cathode, and a luminescent zone between the anode and
cathode. The luminescent zone can contain one or more layers and generally
comprises at least one electroluminescent material in at least one of those layers.
OLEDs have typically been manufactured to include separate layers of a hole transport
material and an emitting electron transport material. In many known OLED displays, the
hole transport and electron transport Iayeré are doped with organic dyes in order to
enhance the sfficiency or to improve the stability of the OLED.

[003] A simple OLED may comprise a layer of an organic luminescent material
conductively sandwiched between an anode, generally comprised of a transparent
conductor, such as indium tin oxide, and a cathode, generally a low work function metal
such as magnesium, calcium, aluminum, or the alloys thereof with other metals. The
OLED functions on the principle that under an electric field, positive charges (holes) and
negative charges (electrons) are respectively injected from the anode and cathode into
the luminescent layer and undergo recombination to form excitonic states that
subsequently- emit light. A number of prior art OLEDs have been prepared from a
laminate of an organic luminescent material and electrodes of opp'osite polarity, which

devices include a single crystal material, such as a single crystal anthracene, as the



luminescent substance as described, for example, in U.S. Pat. No. 3,530,325.
However, such devices may require excessive excitation voltages on the order of 100
volts or greater.

[004] OLEDs can also be formed as a dual layer structure comprising one
organic layer adjacent to the anode supporting hole transport, and another organic layer
adjacent to the cathode supporting electron transport and acting as the light emitting
region in the organic luminescent zone of the device. Another alternate device
configuration comprises three separate layers: a hole transport layer, a luminescent
layer, and an electron transport layer, which layers are laminated in sequence and are
sandwiched between an anode and a cathode. A fluorescent dopant material is
optionally added to the emission zone or layer, whereby the recombination of charges
results in the excitation of the fluorescent material.

[005] In small-molecule OLEDs, tris(8-hydroxyquinoline) aluminum (AlQs) is a
suitable electron transport material and has been widely used in the electron transport
layer of OLEDs. Triazines may be a better alternative to ALQ; because of their higher
electron mobility. The higher electron mobility may lead to substantially lower OLED
driving voltages and hence significantly lower power consumption. For example, the
use of triazines over AlQs in the electron transport layer of an OLED may resultin a
decrease of driving voltages and power consumption by as much as 30%. The use of
triazines as electron transport materials is disclosed in U.S. Patent Nos. 6,229,012 and
6,225,467 (the disclosures of which are incorporated herein by reference).

[006] While triaziﬁes may provide superior electron mobility in OLEDs, they

-

may exhibit relatively low morphological stability compared to other known electron



transport materials. The morphological instability may lead to the evolution of non-
uniformities and structural defects in an OLED display. Thus, there is a need for an
electron transport material that is capable of providing desired electron mobility and that
is morphologically stable.

SUMMARY

[007]  In accordance with one embodiment, there is provided herein an organic
light emitting device comprising (a) a cathode, (b) a luminescent zone, and (c)an
anode, wherein the luminescent zone comprises an electron transport layer comprising
a triazine doped with at least one of organic and inorganic materials.

[008]  According to another embodiment, there is provided a display device
comprising at least one organic light emitting device comprising (a) a cathode, (b) a
luminescent zone, and (c) an anode, wherein the luminescent zone comprises an
electron transport layer comprising a triazine doped with at least one of organic and
inorganic materials.

[009] According to yet another embodiment, there is provided an electron
transport material comprising a triazine doped with at least one of organic and inorganic

materials.

BRIEF DESCRIPTION OF THE DRAWINGS

[010] Figure 1 illustrates an organic light emitting device in accordance with
the present disclosure.
[011] Figure 2 illustrates another organic light emitting device in accordance

with the present disclosure.



\

DESCRIPTION OF VARIOUS EMBODIMENTS

[012] The OLEDs disclosed herein comprise a cathode, a luminescent zone,
and an anode. The luminescent zone refers to the zone between the anode and the
cathode that is capable of providing luminescence. The luminescent zone comprises at
least one layer. For example, the luminescent zone comprises two or three layers. The
luminescent zone comprises an electrolumineécent material, for example an organic
electroluminescent material. The organic electroluminescent material can be present in
any layer of the luminescent zone. The OLEDs can comprise electron and hole
transport materials in the luminescent zone. The electron and hole transport materials
may be present in electron and hole transport layers, respectively. The electron and
hole transport layers can be within the luminescent zone, or they can be in layers
separate from the luminescent zone. .

[013] The luminescent zone can comprise an electroluminescent layer and/or
an electron transport layer. In accordance with the present disclosure, the luminescent/
zone comprises a layer comprising a triazine and a dopant. The electroluminescent
layer can comprise the doped triazine. In addition, or alternatively, the electron
transport layer can comprise the doped triazine.

[014] A “dopant’ refers to @ component in a mixture. For example, a material
in a mixture can be considered a dopant when the material does not comprise the
majority of the mixture. According to one embodiment, a dopant is typically presentin a
mixture in an amount less than 50% by volume, relative to the total volume of the
mixture. According to another embodiment, a dopant is typically present in an amount

less than about 20% by volume, relative to the total volume of the mixture.



[015] In one embodiment, and with reference to Figure 1, an OLED 10
comprises in sequence a supporting substrate 20 of, for example, glass; an anode 30
of, for example, indium tin oxide in a thickness of from about 1 to about 500 nm, such as
from about 30 to about 100 nm; an optional buffer layer 40 of, e.g., copper

' phthalocyanine, or plasma polymerized CHF; in a thickness from about 1 nm to about
300 nm; an optional hole transporting layer 50 of, for example, N,N-di(naphthalene-1-
yl)-N,N'-diphenyl-benzidine) (NPB) in a thickness of from about 1 to about 200 nm, for
example from about 5 to about 100 nm; an electroluminescent layer 60 comprised of,
for example, a composition comprising AlQs, with the layer having a thickness of from
about 5 to about 300 nm, such as from about 10 to about 100 nm; an electron
transporting layer 70 comprised of, for example, 4,4"-bis[2-(4,6-diphenyl-1,3,5-triazinyl)]-
1,1-biphenyl (T1) doped with AlQs in a thickness of from about 5 to about 300 nm, for
example from about 1 to about 200 nm, such as about 5 nm to about 100 nm; and in
contact therewith a low work function metal cathode 80. An optional protective layer 90
may be formed on the cathode 80. According to another embodiment, and as
illustrated in Figure 2, in OLED 15 the supporting substrate 20 is adjacent to cathode
80, and optional protective layer 80 is adjacent to anode 30.

[016] In various embodiments, OLEDs can comprise a supporting substrate 20.
lllustrative examples of supporting substrates 20 include glass and the like, and
polymeric components including polyesters like MYLAR®, polycarbonates,
polyacrylates, polymethacrylates, polysulfones, quartz, and the like. Other substrates
20 may also be selected provided they can effectively support the other layers and do

not interfere with the device functional performance. The thickness of substrate 20 can



range, for example, from about 25 to about 1,000 um or more, for example from about
50 to about 500 pm depending, for example, on the structural demands of the device.

[017] According to various embodiments, the OLEDs can contain an anode 30,
which may be contiguous to the substrate. Suitable non-limiting examples of anode 30
include positive charge injectind electrodes such as indium tin oxide, tin oxide, gold,
platinum, or other suitable materials such as electrically conductive carbon, -
conjugated polymers such as polyaniline, polypyrrole, and the like with, for example, a
work function equal to, or greater than about 4 eV (electron volts), and more specifically,
from about 4 eV to about 6 eV. The thickness of the anode can range from about 1 to
about 500 nm, with the suitable range being selected in view of the optical constants of
the anode material. One suitable range of anode thickness is from about 30 to about
100 nm. Additional suitable forms of the anode are illustrated in U.S. Pat. No.
4,885,211 (the disclosure of which is inc6rporated herein by reference).

[018] A buffer layer 40 can optionally be provided contiguous to the anode. The
buffer layer, which can function to facilitate efficient injection of holes from the anode
and to improve the édhesion between the anode and the hole transporting layer (thus
further improving the device operation stability) includes conductive materials such as
polyaniline and its acid-doped forms, polypyrrole, poly(phenylene vinylene), and known
semiconductive organic materials; porphyrin derivatives disclosed in U.S; Pat. No.
4,356,429 (the disclosure of which is incorporated herein by reference), such as
1,10,15,20-tetraphenyl-21H,23H-porphyrin copper (ll); copper phthalocyanine, copper
tetramethyl phthalocyanine; zinc phthalocyanine; titanium oxide phthalocyanine;

magnesium phthalocyanine; and the like. The buffer layer can comprise a tertiary



amine suitable as an electron hole transport material. The buffer layer can be prepared
by forming one of the above compounds into a thin film by known methods, such as
vapor deposition or spin coating. The thickness of the buffer layer thus formed is not
particularly limited, and can range of from about 5 nm to about 300 nm, for example
from about 10 nm fo about 100 nm.

[019] In various embodiments, OLED 10 comprises an optional hole transport
layer 50 comprising a hole transport material. Suitable non-limiting examples of hole
transport materials include tertiary aromatic amines, like NPB; N,N'-dipheny!-N,N*-bis(3-
methylphenyl)-1,1-biphenyl-4,4'-diamine) (TPD); N,N’-bis{p-phenyl)-N,N'-diphenyl
benzidene (BP-TPD), and the aromatic tertiary amines disclosed in U.S. Pat. No.
4,539,507, the disclosure of which is incorporated herein by reference. Examples of
suitable aromatic tertiary amines include bis(4-dimethylamino-2-
methylphenyl)phenylmethane; N,N,N-tri(p-tolyl)amine; 1,1-bis(4-di-p-
tolylaminophenyl)cyclohexane; 1,1 -bis(4-di-p-tolylaminophenyl)-4-phenyl cyclohexane;
N,N-diphenyl-N,N'-bis(3-methylphenyl)-1,1"-biphenyl-4,4'-diamine; N,N'-diphenyl-N,N'-
bis(3-methylphenyl)-1,1*-biphenyl-4,4'-diamine; N,N'-diphenyl-N,N'"-bis(4-
methoxyphenyl)-1,1'-biphenyl-4,4'-diamine; N,N,N',N'-tetra-p-tolyl-1,1'-biphenyl-4,4'-
diamine; N,N'-di-1-naphthyl-N,N'-diphenyl-1,1'-biphenyl-4,4'-diamine; and the like.

[020] Another class of aromatic tertiary amines suitable as hole transporting
materials is the polynuciear aromatic amines, such as N,N-bis-[4"-(N-phenyl-N-m-
tolylamino)}-4-biphenylyl]aniline; N,N-bis-[4'-(N-phenyl-N-m-tolylamino)-4-biphenylyll-m-
toluidine; N,N-bis-[4'-(N-phenyl-N-m-tolylamino)-4-biphenylyi]-p-toluidine; N,N-bis-[4'-(N-

phenyl-N-p-totylamino}4-biphenylyllaniline; N,N-bis-[4"-(N-phenyl-N-p-tolylamino)-4-



biphenylyl]-m-toluidine; N,N-bis-[4'-(N-phenyl-N-p-tolylamino)-4-biphenylyl]-p-toluidine;
N,N-bis-[4'-(N-phenyl-N-p-chiorophenylamino}-4-biphenylyl]-m-toluidine: N, N-bis-[4"-(N-
phenyl-N-m-chlorophenylamino)-4-biphenylyl]-m-toluidine; N,N-bis-[4"-(N-phenyl-N-m-
chlorophenylamino)-4-biphenylyl]-p-toluidine; N,N-bis-{4*-(N-phenyl-N-m-tolylamino)-4-
biphenyiyll-p-chloroaniline; N,N-bis-[4"-(N-phenyl-N-p-tolylamino)-4-biphenylyl}-m-
chloroaniline; and N,N-bis-[4'-(N-phenyl-N-m-tolylamino)-4-biphenylyl}-1-
aminonaphthalene, and the like.

[021] Additional suitable hole transport materials include carbazoles like N,N'-
dicarbazolyl-4,4’-biphenyl (CBP), 4,4"-bis(3,6-diphenylcarbazal-8-yl)-1,1-biphenyl
(TPCB), and 4,4"-bis(9-carbazolyi)-1,1™-biphenyl compounds. lllustrative examples of
4,4'-bis(8-carbazolyl)-1,1-biphenyl compounds include 4,4"-bis(9-carbazalyl)-1,1"-
biphenyl and 4,4'-bis(3-methyl-9-carbazolyl)-1,1-biphenyl, and the like. Another class
of suitable hole transport materials is the indocarbazoles, including 5,11-di-naphthyl-
5,11-dihydroindolo[3,2-bjcarbazole (NIC).

[022] OLED 10 comprises an electroluminescent layer 60 comprising an
electroluminescent material. Suitable electroluminescent materials include, for
example, polyphenylenevinylenes such as poly(p-phenylenevinylene) (PPV), poly(2-
methoxy-5-(2-ethylhexyloxy)1,4-phenylenevinylene) (MEHPPV), poly(2,5-
dialkoxyphenylenevinylene) (PDMeOPYV), and other materials disclosed in U.S. Pat. No.
5,247,190 (the disclosure of which is incorporated herein by reference);
polyphenylenes, such as poly(p-phenylene) (PPP), ladder-poly-para-phenylene (LPPP),
and poly(tetrahydropyrene) (PTHP); and polyfluorenes, such as poly(9,9-di-n-

octylfluorene-2,7-diyl), poly(2,8-(6,7,12,12-tetraalkylindenofluorene), and copolymers



containing fluorenes such as fluorene-amine copolymers (see e.g., Bernius et al.,
"Developmental Progress of Electroluminescent Polymeric Materials and Devices,"
Proceedings of SPIE Conference on Organic Light Emitting Materials and Devices I,
Denver, Colo., July 1999, Volume 3797, p. 129).

[023] Another class of electroluminescent materials suitable for the
electroluminescent layer includes the metal oxinoid compounds as disclosed in U.S.
Pat. Nos. 4,539,507; 5,151,629; 5,150,006; 5,141,671 and 5,846,668, (the disclosures
of which are all incorporated herein by reference). llustrative examples include AlQ,
and bis(8-hydroxyquinolato)-(4-phenylphenolato) aluminum (BAlg). Other examples of
this class of materials include tris(8-hydroxyquinolinate) gallium, bis(8-
hydroxyquinolinate) magnesium, bis(8-hydroxyquinalinate) zing, tris(5-methyl-8-
hydroxyquinolinate) aluminum, tris(?—propyl-s-quinolinolato)‘aluminum, bis[benzo{f}-8-
quinolinate]zine, bis(10-hydroxybenzo[h]quinolinate) beryllium, and the like, and metal
thioxinoid compounds disclosed in U.S. Pat. No. 5,846,666 (which is incorparated
herein by reference), such as metal thioxinoid compounds of bis(8-
quinolinethiolato)zinc, bis(8-quinolinethiolato)cadmium, tris(8-quinolinethiolata)gallium,
tris(8-quinalinethiolato)indium, bis(5-methylquinolinethiolato)zing, tris(5-
methylquinolinethiolato)gallium, tris(5-methylquinolinethiolato)indium, bis(5-
methylquinolinethiolato)cadmium, bis(3-methylquinalinethiolato)cadmium, bis(5-
methylguinolinethiolato)zinc, bis[benzo{f}-8-quinolinethiolato]zine, bis[3-methylbenzo{f}-
8-quinalinethiolato]zinc, bis[3,7-dimethylbenzo{f}-8-quinolinethiolato]zine, and the like.

Suitable materials inciude bis(8-quinolinethiolato)zinc, bis(8-quinolinethiolato)cadmium,
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tris(8-quinolinethiolato)gallium, tris(8-quinclinethiolato)indium and bis[benzo{f}-8-
quinclinethiolato]zinc.

[024]  Another class of electroluminescent materials that can be used in the
electrolyminescent layer comprises stilbene derivatives, such as those disclosed in U.S.
Pat. No. 5,516,577 (the disclosure of which is incorporated herein by reference). One
suitable stilbene derivative is 4,4'-bis(2,2-diphenylvinyl)biphenyl. Another class of
electroluminescent materials that can be used in the electroluminescent layer
comprises anthracene derivatives such as, for example N,N'-di(naphthalene-1-yl)-N,N'-
diphenyl-benzidine), 2-t-butyl-9,10-di-(2-naphthyl) anthracene, 2-(1,1 ,~dimethylethyl)-
9,10-bis(2-naphthalenyl)anthracene (TBADN), 9,10-di-(2-naphthy!) anthracene (DNA),
9,10-di-phenyl anthracene (DPA), 9-bis(phenyl) anthracene (BPA), 2-t-butyl-9,10-di-(2-
naphthyl) anthracene, 9,10-di-(2-naphthyl) anthracene, 9,1d-di-phenyl anthracene, 9,9-
bis[4-(9-anthryl)phenyl] fluorine, and 9,8-bis[4-(10-phenyl-9-anthryl)phenyl] fluorine.
Other suitable anthracenes are disclosed in U.S. Patent No. 6,465,115 (corresponding
to EP 1009044 A2), U.S. Patent No. 5,972,247, U.S. Patent No. 6,479,172, and U.S.
Patent No. 5,935,721, the disclosures of which are incorporated herein by reference.

[025] Still another class of suitable electroluminescent materials suitable for
use in the electroluminescent layer is the oxadiazole metal chelates. These materials
include bisf2-(2-hydroxyphenyl)-5-phenyl-1,3,4-oxadiazolato]zinc; bis[2-(2-
hydroxyphenyl)-5-phenyl-1,3,4-oxadiazolato]beryllium; bis[2-(2-hyd roxyphenyl}-5-(1-
naphthyl)-1,3,4-oxadiazolato]zinc; bis [2-(2—hya roxyphenyl)-5-(1-naphthyl)-1,3,4-
oxadiazolato]beryllium; bis[5-biphenyl-2-(2-hydroxyphenyl)-1 »3,4-oxadiazolato]zinc;

bis[5-biphenyl-2-(2-hydroxyphenyl)-1,3,4-oxadiazolato}beryllium; bis(2-hydroxyphenyl)-
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5-phenyl-1,3,4-oxadiazolato]lithium; bis[2-(2-hydroxyphenyl)-5-p-tolyl-1,3,4-
oxadiazolato]zinc; bis[2-(2-hydroxypheny!)-5-p-tolyl-1 +3,4-oxadiazolato]beryllium; bis[5-
(p-tert-butylphenyl)-2-(2-hydroxyphenyl)-1,3,4-oxadiazolato]zinc; bis[5-(p-teri-
butylphenyl)-2-(2-hydroxyphenyl)-1,3,4-oxadiazolato}beryllium; bis[2-(2-hydroxypheny!)-
5-(3-fluorophenyl)-1,3,4-oxadiazolato]zinc; bis[2-(2-hydroxyphenyl)-5-(4-flucrophenyl)-
1,3,4-oxadiazolato]zinc; bis[2-(2-hydroxyphenyl)-5-(4-flucrophenyl)-1,3,4-
oxadiazolato]beryllium; bis[5-(4-chlorophenyl)-2-(2-hydroxyphenyl)-1,3,4-
oxadiazolato]zinc; bis[2-(2-hydroxyphenyl)-5-(4-methoxyphenyi)-1,3,4-
oxadiazolato]zinc; bis[2-(2-hydroxy-4-methylphenyl)-5-phenyl-1,3,4-0xadiazolato]zinc;
bis[2-a-(2-hydroxynaphthyl)-5-phenyl-1,3,4-oxadiazolato]zinc; bis[2-(2-hydroxyphenyl)-
5-p-pyridyl-1,3,4-oxadiazolato]zinc; bis[2+(2-hydroxyphenyl)-5-p-pyridyl-1,3,4-
oxadiazolatolberyllium; bis[2-(2-hydroxyphenyl)-5-(2-thiophenyl)-1,3,4-
oxadiazolato]zinc; bis[2-(2-hydroxyphenyl)-5-phenyl-1,3,4-thiadiazolato]zinc; bis[2~(2-
hydroxyphenyl)-6-phenyl-1,3,4-thiadiazolato]beryllium; bisf2-(2-hydroxyphenyl)-5-(1-
naphthyl)-1,3,4-thiadiazolato]zinc; and bis[2-(2-hydroxyphenyi)-5-(1-naphthyl)-1,3,4-
thiadiazolatojberyllium, and the like; and the triazines including those disclosed in U.S.
Pat. No. 6,057,048 (the disclosure of which is incorporated herein by reference in its
entirety).

[026] The electroluminescent layer can further include a dopant in an amount
ranging from about 0.01 weight percent to about 49 weight percent, for example from
about 1 weight percl:ent to about 20 weight percent. The dopant can be an
electroluminescent material. Examples of dopant materials that can be used in the

electroluminescent layer include fluorescent materials, such as coumarin,
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dicyanomethylene pyranes, polymethine, oxabenzanthrane, xanthene, pyrylium,
carbostyl, perylene, and the fike. Another suitable class of fluorescent materials is
quinacridone dyes. lllustrative examples of quinacridone dyes include quinacridone, 2-
methylquinacridone, 2,9-dimethylquinacridone, 2-chloroquinacridone, 2-
fluoroquinacridone, 1,2-benzoquinacridone, N,N'-dimethylquinacridone, N,N'-dimethyl-2-
methylquinacridone, N,N'-dimethyl-2,9-dimethylquinacridone, N,N'-dimethyl-2-
chloroquinacridone, N,N*-dimethyl-2-fluoroquinacridone, N,N'-dimethyl-1,2-
benzoquinacridone, and the like as disclosed in U.S. Pat. Nos. 5,227,252; 5,276,381
and 5,593,788 (each of which is incorporated herein by reference in its entirety).

[027] Another class of fluorescent materials that can be used as dopants is the
fused ring fluorescent dyes. Exemplary suitable fused ring fluorescent dyes include
perylene, rubrene, anthracene, coronene, phenanthrecene, pyrene and the like, as
disclosed in U.S. Pat. No. 3,172,862 (the disclosure of which is incorporated herein by
reference in its entirety). Additional fluorescent materials include butadienes, such as
1,4-diphenylbutadiene and tetraphenylbutadiene, and stilbenes, and the like, as
disclosed in U.S. Pat. Nos. 4,356,429 and 5,516,577 (each of which is incorporated
herein by reference). Other examples of fluorescent materials that can be used are
those disclosed in U.S. Pat. No. 5,601,903 (the disclosure of which is incorporated
herein by reference in its entirety). |

[028] In order to achieve a low driving voltage, the thickness of the
electroluminescent layer can be from about 5 nm to about 50 nm. According to one
embodiment, the thickness ranges from about 10 nm to about 40 nm. According to

another embadiment, the thickness ranges from about 15 nm to about 30 nm.
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According to another embodiment, the thickness ranges from about 40 nm to about 20
nm. According to still another embodiment, the thickness of the electroluminescent
layer is less than about 20 nm.

[029] According to various embodiments, electroluminescent material layer 60
can comprise at least two materials having different electron and hole transport
capacities and can have a thickness of less than about 50 nm, as described in U.S.
Patent Application No. , attorney docket Na. 0010.0025, filed on even date
herewith (the disclosure of which is incorporated by reference herein).

[030] In .van'ous embodiments, the OLEDs disclosed herein contain an electron
transport layer 70 comprising a triazine doped with at least one of organic and Inorganic
materials. There are a number of triazines suitable for forming electron transport layer
70. Suitable triazines include those disclosed in U.S. Patent Nos. 6,225,467 and
6,229,012 (the disclosures of which are incorporated by reference herein). Non-limiting
examples of suitable triazines include 4,4-bis[2-(4,6-diphenyl-1,3,5-trazinyl)}-1,1"
biphenyl (T1); 2,4,6-tris{(4-biphenylyl)-1,3,5-triazine; 2,4,6-tris[4-(4-methylbiphenylyl)}-

' 1,3,5-triazine; 2,4,6-tris[4-(4-tert-butylbiphenylyl)-1,3,5-triazine; 2,4,6-tris[4-(3",4'-
dimethylbiphenylyl)]-1,3,5-triazine; 2,4,6-tris{4-(4'-methoxybiphenylyl)]-1,3,5-triazine;
2,4,6-tris[4-(3'-methoxybiphenylyl)]-1,3,5-triazine; 2,4-bis(4-biphenylyi)-6-phenyl-1,3,5-
triazine; 2,4-bis(4-biphenylyl)-6-m-tolyl-1,3,5-triazine; 4,4-bis-[2-(4,6-diphenyl-1,3,5-
triazinyl)]-1,1"-biphenyt; 4,4-bis-[2-(4,6-di-p-tolyl-1,3,5-triazinyl)}-1,1'-biphenyi; 4,4"bis-
[2-(4,6-di-m-tolyl-1,3,5-triazinyl)}-1,1"-biphenyl; 4,4-bis-[2-(4,6-di-p-methoxyphenyl-
1,3,5-triazinyl)]-1,1"-biphenyl; 4,4-bis-[2-(4,6-di-m-methoxyphenyl-1,3,5-triazinyt)}-1,1™-

biphenyl; 4,4"-bis-[2-(4-B-naphthyl-6-phenyl-1,3,5-triazinyl)]-1,1-biphenyl; 4,4™-bis-[2-
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(4,6-di-biphenylyi-1,3,5-triazinyl)}-1,1-biphenyl; 4-[2-(4,6-diphenyl-1,3, 5-triazinyl)]-4'-{2-
(4,6-di-m-tolyl-1,3,5-triazinyi)}-1,1-biphenyl; 2,7-bis-[2-(4,6-di-phenyl-1,3,5-
triazinyhifluorine; 2,7-bis-[2-(4,6-di-phenyl-1,3,5-triazinyl)}-9,9-dimethylfluorene; 2,7-bis-
[2-(4,6-di-phenyl-1,3,5-triazinyl)}-9,9-diethylfluorene; 2,7-bis-[2-(4,6-diphenyl-1,3,5-
triazinyl)]-9,9-diphenylfluorene; 2,7-bis-[2-(4,6-di-phenyl-1,3,5-triaziny!)}-9,10-
dihydraphenanthrene; 4,9-bis-[2-(4,6-di-phenyl-1,3,5-triazinyl)]dibenzofuran; 4,9-bis-[2-
(4,6-di-phenyl-1,3,5-triazinyl)]dibenzothiophene; 2,7-bis-[2-(4,6-di-phenyl-1,3,5-
triaziny)]-9,9-dimethyl-9-silafluorene; and the like,

[031] The electron transport layer can be composed entirely of the doped
triazine, or it can include the doped triazine in combination with other materials, for
example other electron transport materials such as stilbene derivatives, such as those
disclosed in U.S. Pat. No. 5,516,577, which is incorparated herein by reference. A
suitable stilbene derivative is 4,4"-bis(2,2-diphenylvinyl)biphenyl. Yet another class of
suitable electron transport materials that can be combined with the doped triazine is the
metal thioxinoid compounds, iliustrated in U.S. Pat. No. 5,846,666 (the disclosure of
which is incorporated herein by reference). In certain embodiments, the electron
transport layer 70 comprises the triazine in an amount of at least 50% by volume.

[032] In various embodiments, the triazine is doped with at least one material.
The presence of the dopant material can significantly improve the morphological
stability of the triazine electron transport-layer and significantly reduce, if not prevent,
the evolution of structural defects in the layer over the service life of the OLED display.
The dopant can be selected from a wide variety of materials, such as organic and

inorganic materials. For example, the dopant can be selected from organic electron
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transport materials such as metal oxinoids and stilbenes, examples of which have been
given above, organic hole transport materials such as tertiary aromatic amines,
carbazoles, indolocarbazoles, and bicarbazoles, examples of which have been given
above, and organic bipolar transport materials such as anthracenes, fused ring organic
dyes, and hydrocarbon materials, examples of which have been given above. The
concentration of the dopant can be about 49% or less, relative to the volume of the
electron transport layer. According to another embodiment, the dopant can be present
in an amount of about 25% or less. According to yet another embodiment, the dopant is
present in an amount of less than about 20%, for example less than about 10%.

f033] Electron and hole transport materials suitable as dopants include those
identified herein as being useful in the optional hole transport layer 50 and the
electroluminescent layer 60. For example, suitable organic dopants include AlQs, NPB,
anthracenes such as BH2, and hydrocarbons such as perylenes and rubrene. Suitable
bipolar transport materials useful as dopants include, for example, 2-(1,1,-
dimethylethyl)-9,10-bis(2-naphthalenyl)anthracenes, 9,10-di-(2-naphthyl) anthracene
(DNA), 9,10-di-phenyl anthracene (DPA), 9-bis(phenyl) anthracene (BPA), spiro-BPA,
spiro-DPA, perylenes like 2,5,8,11-tetra-t-butylperylene (BD2), tetracenes like rubrene,
and other hydrocarbon materials in general. Suitable organic dopants include those
dopants disclosed herein than contain carbon. Suitable inorganic dopants include SiO,
Si0,, and metals such as, for example, Li, Cs, K, Na, Mg, Ca, and Sc, and compounds
containing any of the foregoing such as, for example, LiF. The dopant can also be
selected from the electroluminescent materials identified herein as being suitable for the

electroluminescent layer 60.
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[034] In various embodiments, the OLEDs include a cathode 80. The cathode
80 can comprise any suitable material such as a metal. The material can have a high
work function compaonent, for example an eV of from about 4.0 eV to about 6.0 eV. The
cathode can comprise a low work function component, such as metals with, for
example, an eV of from about 2.5 eV to about 4.0 eV. The cathode can be derived from
a combination of a low work function metal (about 4 eV, for example from about 2 eV to
about 4 eV) and at least one other metal.

[035] Effective proportions of the low work function metal to the second or
additional metal are from less than about 0.1 percent to about 89.9 percent by weight.
llustrative examples of Jow work function metals include alkaline metals such as lithium
or sodium, Group 2A or alkaline earth metals such as beryllium, magnesium, calcium, or
barium, and Group Il metals including rare earth metals and the actinide group metals
such as scandium, yttrium, lanthanum, cerium, europium, terbium, or actinium. Lithium,
magnesium and calcium are suitable low work function metals.

[036] The thickness of cathode 80 can range from, for example, about 10 nm to
about 500 nm. The Mg:Ag cathodes of U.S. Pat. No. 4,885,211 (the disclosure of which
is incorporated herein by reference), constitute one suitable cathode construction.
Another suitable cathode is described in U.S. Pat. No. 5,429,884 (the disclosure of
which is totally incorporated herein by reference), wherein the cathode is formed from
lithium alloys with other high work function metals such as aluminum and indium.

[037] The OLEDs disclosed herein can be constructed by conventional
methods. In various embodiments, a supporting substrate 20, such as glass, is

provided. An anode 30 can be disposed over the glass and can be comprised of, for
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example, indium tin oxide in a thickness of from about 1 to about 500 nm, for example
from about 30 to about 100 nm (throughout the disclosure, thickness ranges for each
layer are provided as examples—other suitable thickness can be selected). A buffer
layer 40 in contact with the anode can optionally be provided, and can be comprised of
a conductive component or hole transport materials having a thickness of from about 5
to about 500 nm, for example from about 10 to about 100 nm. An optional organic hok;
transporting layer 50 can be disposed over the anode 30 or the buffer layer 40 and in a
thickness of from about 1 to about 200, for example from about 5 to about 100 nm. An
electroluminescent layer 60 can be provided in contact with the hole transporting layer
50. An electron transport layer 70 can be provided in contact with the
electroluminescent layer 60 in a thickness of from about 5 to about 300 nm, such as
from about 1 to about 200 nm, for example from about 5 to about 100 nm. A cathode
80 comprising, e.g., a low work function metal can be in contact with the electron
transporting layer 70.

[038] According to the present disclosure, embodiments of the OLEDs disclosed
herein can be operated under alternating current (AC) and/or direct current (DC) driving
conditions. In some cases, AC driving conditions can be suitable to provide extended
operational lifetimes, especially in high temperature device operating conditions.
Suitable operating voltages are extemally-applied driving voltages required to drive
sufficient current to obtain a luminance of at least about 100 ¢d/m?, and typically a
luminance of at least about 500 cd/m?, such as, for example a luminance of about 1000
cd/m?. Such voltages can range, for example, from about 0.5 volts to about 20 volts,

such as from about 1 volt to about 15 volts. According to various embodiments, the
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operating voltage is less than about 6 volts, for example less than about 5.5 volts.
Suitable driving cuttents range, for example, from about 1 to about 1000 mA/cm?, such
as from about 10 mA/em? to about 200 mA/cm?, for example about 25 mA/em?. Driving
voltages and currents outside these ranges can also be used.

[039] The doped triazine materials disclosed herein can be suitable as electron
transport materials in small molecule OLEDs, polymeric OLEDs, and hybrid devices
(comprising a mixture of small-molecule and polymeric materials). Because of their
superior electron transport properties and morphological stability, they can also find
applications in other organic electronic devices where efficient electron transport
properties are desired such as in photoreceptors, thin film transistors, solar cells,
sensaors, etc.

EXAMPLES

[040] The following examples are illustrative and are non-limiting to the bresent.
teachings.

[041] A group of green-emitting OLEDs was fabricated using physical vapor
deposition. All devices comprised an indium tin oxide anode coated on a glass
substrate and a Mg:Ag cathode. All devices had a three-layer light emitting region
between the anode and the cathode comprising (1) 2 60 nm NPB hole transport layer,
(2) a 15 nm electroluminescent layer comprising AlQ; + 0.8% 10-2-(benzothiazolyl)-
2,3,6,7-tetrahydro-1,1,7,7-tetramethyl-1H, 5H, 11H-(1)benzopyropyrano (6,7,-8-ij)
quinolizin-11-one (C545T), and (3) a 45 nm electron transport layer. Following
fabrication, the devices were operated at a constant current of 25 mA/cm?. The driving

voltage and brightness of each of the devices at this current were measured and
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recorded, as were the results of a visual inspection conducted immediately after device

fabrication (to), and again 50 hours (tso) later.

Device No. | ETL Driving Brightness Device Device
Gomposition | voltage (cdim?) at 25 Appearance at | Appearance at

(volts) at 25 | mAlcm® to) tiso)
mAlem?

1 {comp.) AlQs 715 2000 Uniform Uniform

2 (comp.) T1 4.45 2230 Uniform Nan-Uniform

3 (inventive) | T1+5%AlQ; 4.41 2150 Uniform Uniform

4 (inventive) | T1+20%AIQs 4.65 2180 Uniform Uniform

§ (inventive) | T1+50%AIQ3 5.1 2170 Uniform Uniform

[042] Comparative device 1 operated at a high driving voltage. Comparative
device 2 operated at a low driving voltage, but exhibited low marphological stability
evidenced by the loss of a uniform appearance after 50 hours. Inventive devices 3-5,
on the other hand, operated at a driving voltage of 5.1 V or less and exhibited a
satisfactory morphological stability as evidenced by a uniform appearance after 50
hours.

[043] For the purposes of this specification and appended claims, unless
otherwise indicated, all numbers expressing quantities, percentages or proportions, and
other numerical values used in the specification and claims, are to be understood as
being modified in all instances by the term “about.” Accordingly, unless indicated to the
contrary, the numerical parameters set forth in the following specification and attached
claims are approximations that may vary depending upon the desired properties sought
to be obtained by the present disclosure. At the very least, and not as an attempt to
limit the application of the doctrine of equivalents to the scope of the claims, each
numerical parameter should at least be construed in light of the number of reported

significant digits and by applying ordinary rounding techniques.
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[044] It is noted that, as used in this specification and the appended claims, the
singular forms "a," "an,” and "the," include plural referents unless expressly and
unequivocally limited to one referent. Thus, for example, reference to "a dopant”
includes two or more dopants. As used herein, the term “include” and its grammatical
variants are intended to be non-limiting, such that recitation of items in a list is not to the
exclusion of othe;' like items that can be substituted or added to the listed items.

[045] While particular embodiments have been described, altematives,
modifications, variations, improvements, and substantial equivalents that are or may be
presently unforeseen may arise to applicants or others skilled in the art. Accordingly,
the appended claims as filed and as they may be amended are intended to embrace all

such alternatives, modifications variations, improvements, and substantial equivalents.
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CLAIMS:

1. An organic light emitting device comprising:
(a) a cathode;
(b)  aluminescent zone; and
(©) an anode,
wherein the luminescent zone comprises an electron transport layer comprising a

triazine doped with at least one of organic and inorganic materials.

2. The device according to Claim 1, wherein said luminescent zone comprises

multiple layers.

3. The device according to Claim 1 or 2, further comprising a hole transport
material.
4. The device according to any Claim 3, further comprising a hole transport layer

comprising the hole transport material.

5. An organic light emitting device according to Claim 4, wherein:

the electron transport layer comprises 4,4-bis[2-(4,6-diphenyl-1,3,5-triazinyl)]-
1,1’-biphenyl doped with tris(8-hydroxyquinoline) aluminium;

the luminescent zone comprises at least one of tris(8-hydroxyquinoline)
aluminium and anthracene; and

the hole transport layer comprises N,N’-di(naphthalene-1-y1)-N,N’-
diphenylbenzidene.

6. The device according to any one proceeding Claim, wherein said dopant is an
organic material selected from electron transport materials, hole transport materials,

bipolar charge transport materials, electroluminescent materials, and fluorescent dyes.

7. The device according to Claim 6, wherein said dopant is selected from tris(8-
hydroxyquinoline) aluminium, N,N’-di(naphthalene-1-yl)-N,N’-diphenyl-benzidine), 2-
t-butyl-9,10-di-(2-naphthyl) anthracene, 2-(1,1,-dimethylethyl)-9,10-bis(2-
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naphthalenyl)anthracene, 9,10-di-(2-naphthyl) anthracene, 9,10-di-phenyl anthracene, 9-
bis(phenyl) anthracene, perylene, 2,5,8,11-tetra-t-butylperylene, and rubrene.

8. The device according to any one of Claims 1 to 4, wherein said dopant is an

inorganic material comprising at least one of SiO, SiO,, Li, Cs, K, Na, Mg, Ca, and Sc.

9. The device according to any one proceeding Claim, wherein said triazine is 4,4’-

bis[2-(4,6-diphenyl-1,3,5-triazinyl)]-1,1’-biphenyl.

10.  The device according to any one proceeding Claim, wherein said dopant is
present in an amount less than about 49% by volume, relative to the total volume of the

electron transport layer.

11. The device according to any one of Claims 1 to 7, wherein said dopant is present
in an amount less than about 10% by volume, relative to the total volume of the electron

transport layer.

12.  The device according to any one proceeding Claim, wherein the electron
transport layer comprises 4,4’-bis[2-(4,6-diphenyl-1,3,5-triazinyl)]-1,1’-biphenyl doped

with tris(8-hydroxyquinoline) aluminium.

13. The device according to Claim 12, wherein tris(8-hydroxyquinoline) aluminium
is present in an amount of less than about 49% by volume, relative to the total volume

of the electron transport material.

14. The device according to Claim 12, wherein tris(8-hydroxyquinoline) aluminium
is present in an amount of about 20% by volume, relative to the total volume of the

electron transport material.

15. The device according to Claim 12, wherein tris(8-hydroxyquinoline) aluminium
is preset in an amount of about 5% by volume, relative to the total amount of the

electron transport material.
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16. A display comprising at least one organic light emitting device comprising:
(a) a cathode;
(b)  aluminescent zone; and
(c) an anode,
wherein the luminescent zone comprises an electron transport layer comprising a

triazine doped with at least one of organic and inorganic materials.

17. The display according to Claim 16, wherein said organic light emitting device

further comprises a hole transport material.

18.  The device according to Claim 16, wherein said luminescent zone comprises

multiple layers.

19.  An electron transport material comprising a triazine doped with at least one of

organic materials and inorganic materials.

20.  The electron transport material according to Claim 19, comprising 4,4’-bis[2-
(4,6-diphenyl-1,3,5-triazinyl)]-1,1’-biphenyl doped with tris(8-hydroxyquinoline)

aluminium.

21. A display comprising an organic light emitting devices as claimed in any one of

Claims 1 to 15.

22.  An organic light emitting device as hereinbefore described with reference to the

accompanying drawings.
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