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(57) ABSTRACT

An organic electroluminescent device (OELD) comprises a
substrate, an first electrode, a second electrode opposite to
the first electrode disposed over the substrate, a hole-
transport layer disposed between the first electrode and the
second electrode, an electron-transport layer disposed
between the second electrode and the hole-transport layer,
and an emissive layer disposed between the hole-transport
layer and the electron-transport layer. The emissive layer
comprises a plurality of sub-layers. One or more dopants
dispersed gradually in the plurality of sub-layers having the
substantially identical host material.
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ORGANIC ELECTROLUMINESCENT DEVICES
AND DISPLAY UTILIZING THE SAME

BACKGROUND

[0001] The present invention relates generally to an
organic electroluminescent device and, more particularly, to
an emissive layer having one or more dopants dispersed
therein with a concentration gradient.

[0002] Current density, luminance efficiency, and chroma-
ticity of CIE coordinates for an organic electroluminescent
device (OELD) have been significantly improved.

[0003] However, operational lifetime of an OELD, espe-
cially a blue OELD, has yet to be improved. Typically, a blue
OELD has a half-life of about 1500 hours at a luminance of
1000 nits. Such a device require enhancement when applied
in a display panel.

[0004] A typical OELD comprises an anode of indium tin
oxide (ITO), a hole-injection layer (HIL), a hole-transport
layer (HTL), an emissive layer doped with dopants having
uniform concentration, an electron-transport layer (ETL), an
electron-injection layer (EIL), and a cathode.

[0005] When electrical potential difference is applied
between the anode and the cathode, electrons and holes are
injected into the emissive layer from the cathode and the
anode, respectively. The injected electrons and holes are
then recombined to produce excitons. Excitons excite the
dopants, thereby releasing energy as light.

[0006] However, distribution of excitons is confined to a
certain region due to difference between hole mobility and
electron mobility.

[0007] In other words, excitons only exit a certain region
of the emissive layer. Thus, dopants may remain in some
regions where no excitons exist. Moreover, excitons may not
be completely exhausted due to insufficient dopant, produc-
ing radiation and heat, thereby significantly reducing opera-
tional lifetime of the device.

[0008] Accordingly, an OELD capable of solving prob-
lems such as shortened operational lifetime due to remaining
dopants and excitons is required.

SUMMARY

[0009] The first aspect of the present invention is to
enhance current density of driving current, luminance, and
stability of an OELD.

[0010] The second aspect of the present invention is to
completely exhaust excitons formed by recombination of
electrons and holes.

[0011] To achieve the described aspect, one or more
dopants are gradually doped into the emissive layer with a
concentration gradient, depending on location. Therefore,
the one or more dopants and excitons are completely
exhausted, enhancing luminescent efficiency and stability.

[0012] According to the present invention, an OELD
comprises a substrate, an first electrode, a second electrode
opposite to the first electrode disposed over the substrate, a
hole-transport layer disposed between the first electrode and
the second electrode, an electron-transport layer disposed
between the second electrode and the hole-transport layer,
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and an emissive layer disposed between the hole-transport
layer and the electron-transport layer. Moreover, the emis-
sive layer comprises a plurality of sub-layers having the
substantially identical host materials, and each of the sub-
layers is being doped with a substantially different concen-
tration of one or more dopants.

[0013] The OELD of the present invention further com-
prises a hole-injection layer disposed between the first
electrode and the hole-transport layer, and an electron-
injection layer disposed between the second electrode and
the electron-transport layer.

[0014] According to the present invention, the emissive
layer is doped in several ways as follows:

[0015] First, as shown in FIG. 1, the one or more dopants
concentration gradient decreases gradually along the
increased thickness direction of the emissive layer.

[0016] Second, as shown in FIG. 2, the one or more
dopants concentration gradient initially increases gradually
along the increased thickness direction of the emissive layer,
and then decreases. In other embodiments, the one or more
dopants concentration gradient initially decreases gradually
along the increased thickness direction of the emissive layer,
and then increases.

[0017] Third, as shown in FIG. 3, the one or more dopants
concentration gradient increases gradually along the thick-
ness of increased direction of the emissive layer.

[0018] The concentration of the one or more dopants
ranges from about 0.1 vol % to about 99 vol %. The
thickness of the emissive layer ranges from about 50 A to
about 2000 A. The thickness of the hole-injection layer
ranges from about 50 Ato about 5000 A. The thickness of the
hole-transport layer ranges from about 50 A to about 5000
A. The thickness of the electron-transport layer ranges from
about 50 A to about 5000 A. The thickness of the electron-
injection layer ranges from about 1 A to about 50 A. The
thickness of the second electrode ranges from about 500 A
to about 5000 A.

[0019] The hole-transport layer comprises one or more
diamine derivatives, for example, N,N'-diphenyl-N,N'-
bis(1-naphthyl)-(1,1'-bisphenyl)-4,4'-diamine (NPB), N,N1-
diphenyl-N,N'-bis(3-methylphenyl)-(1,1'-bisphenyl)-4,4'-

diamine  (TPD),  4,4'.4"-tris(N-(1-naphtyl)-N-phenyl-
amino)-trisphenyl-amine (1T-NATA), or 4,4'4"-tris(N-(2-
naphtyl)-N-phenyl-amino)-trisphenyl-amine (2T-NATA).

[0020] The electron-transport layer comprises one or more
metal quinolinate derivatives. The electron-injection layer
comprises a metal fluoride, an alkali metal derivative, an
alkaline metal derivative, or an alkaline-earth metal deriva-
tive. In other embodiments, the metal fluoride comprises
lithium fluoride (LiF), cesium fluoride (CsF), or sodium
fluoride (NaF).

[0021] The one or more dopants comprise singlets or
triplets, for example, 10-(2-benzothiazolyl)-1,1,7,7-tetram-
ethyl-2.3,6,7-tetrahydro-1H,5H,11H(1)benzopyrano(6,7,8-
ij) quinolizin-11-one (C545T), 2-(1,1-dimethylethyl)-6(2-
(2,3,6,7-tetrahydro-1,1,7,7-tetramethyl-1H,5H-benzo(ij)
quinolizin-9-yl)ethyl)-4H-pyran-4-ylidene)propanedinitrile
(DCITB), or 2,5,8,11-tetrakis(1,1-dimethylethyl)perylene
(TBP). In other embodiments, green dopants such as (3-(2'-
benzothiazolyl)-7-diethylaminocoumarin(coumarin-6)), or



US 2006/0188746 A1l

the one or more dopants comprise singlets or triplets capable
of emitting three primary colors. In other embodiments, the
one or more dopants may be dye.

[0022] Moreover, a display utilizing the OELD of the
present invention is provided.

DESCRIPTION OF THE DRAWINGS

[0023] The present invention will become more fully
understood from the detailed description given herein below
and the accompanying drawings, given by way of illustra-
tion only and thus not intended to be limitative of the present
invention.

[0024] FIG. 1 shows distribution of dopants in the emis-
sive layer of an OELD according to the present invention.

[0025] FIG. 2 shows distribution of dopants in the emis-
sive layer of an OELD according to the present invention.

[0026] FIG. 3 shows distribution of dopants in the emis-
sive layer of an OELD according to the present invention.

[0027] FIG. 4 is a graph of the relative luminance as a
function of operating time for OELDs of several embodi-
ments and a comparative example.

[0028] FIG. 5 is a cross-section of an embodiment of an
OELD of the present invention.

[0029] FIG. 6 is a cross-section of another embodiment of
an OELD of the present invention.

[0030] FIG. 7 is a cross-section of another embodiment of
an OELD of the present invention.

[0031] FIG. 8 is a cross-section of a display apparatus
comprising the OELD of the present invention.

DETAILED DESCRIPTION

Comparative example

[0032] “Concentration”, herein below described, is
defined as a ratio of volume of the dopants and the emission
layer.

[0033] A conventional OFLD and a method for forming
are described in greater detail in the following.

[0034] A conventional OELD comprises an anode, a thick-
ness of a hole-injection layer (HIL) about 150 nm, a thick-
ness of a hole-transport layer (HTL) about 20 nm, a thick-
ness of a emissive layer about 40 nm, a thickness of a
electron-transport layer (ETL) about 20 nm, an electron-
injection layer (EIL), and a cathode. Moreover, the emissive
layer, having a blue host material, is doped with blue
dopants having a concentration of 2.5 vol %.

[0035] UV-ozone treatment is performed on a substrate
having an anode thereon. The anode is indium tin oxide
(ITO).

[0036] The 150 nm hole-injection layer is formed on the
processed substrate by vacuum deposition.

[0037] The hole-transport layer is formed on the hole-
injection layer by vacuum deposition.

[0038] The emissive layer is formed on the hole-transport
layer by vacuum deposition.
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[0039] The electron-transport layer and an electron-injec-
tion layer are formed on the emissive layer by vacuum
deposition.

[0040] The cathode is formed on the electron-injection
layer by vacuum deposition. The cathode comprises a layer
of LiF about 1 nm and a layer of Al about 100 nm.

[0041] FIG. 4 is a graph of relative luminance as a
function of operating time for OELD of a comparative
example (see curve-A). The relative luminance is defined as
a ratio of initial luminance to luminance. At the same point
in operating time, the increased value of relative luminance
indicates luminance of the device decaying fast. FIG. 4
illustrates measurement of operating time for a device at
initial luminance of 1000 nits.

[0042] As shown in Table 1, column 2 shows current
density, driving voltage, luminance, luminance efficiency,
and CIE coordinates for a device of a comparative example.

TABLE 1
comparative First Second Third
example  Embodiment Embodiment Embodiment
A) ®) © @)
current 312 21.3 21.55 40.85
density
(mA/cm?)
driving 7 7 7 7
voltage (V)
luminance 1392 893.5 1029 1906
(cd/m?)
luminance 447 4.2 4.77 4.67
efficiency
(cd/A)
CIEx 0.146 0.162 0.146 0.145
CIEy 0.185 0.21 0.205 0.188
First Embodiment

[0043] A top emissive type OELD and method for fabri-

cating are provided. In other embodiments, the OELD may
be bottom emissive type, or dual emissive type.

[0044] As shown in FIG. 5, the OELD comprises a first
electrode such as an anode, the thickness of the hole-
injection layer (HIL) substantially about 150 nm, the thick-
ness of the hole-transport layer (HTL) substantially about 20
nm, the thickness of the emissive layer substantially about
40 nm, the thickness of the electron-transport layer (ETL)
substantially about 20 nm, the thickness of the electron-
injection layer (EIL) substantially about 1 nm, and a second
electrode such as a cathode.

[0045] UV-ozone treatment is performed on a substrate
510 having an anode formed thereon. The anode 520 is
indium tin oxide (ITO). In other embodiments, the anode
520 can be indium zinc oxide (IZ0), cadmium tin oxide
(CTO), or the like.

[0046] The thickness of the hole-injection layer 530
ranges from about 50 A to about 5000 A, preferably 150 nm,
is formed on the processed substrate 510 by vacuum depo-
sition.

[0047] The thickness of the hole-transport layer 540
ranges from about 50 A to about 5000 A, preferably 20 nm,
is formed on the hole-injection layer 530 by vacuum depo-
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sition. The hole-transport layer 540 comprise one or more
diamine derivatives such as N,N'-diphenyl-N,N'-bis(1-naph-
thyl)-(1,1'-bisphenyl)-4,4'-diamine (NPB), N,N'-diphenyl-
N,N'-bis(3-methylphenyl)-(1,1'-bisphenyl)-4,4'-diamine
(TPD), 4.4'.4"-tris(N-(1-naphtyl)-N-phenyl-amino)-trisphe-
nyl-amine (IT-NATA) or 4,4'4"-tris(N-(2-naphtyl)-N-phe-
nyl-amino)-trisphenyl-amine (2T-NATA).

[0048] The thickness of the emissive layer 550 ranges
from about 50 A to about 2000 A, preferably 40 nm, is
formed on the hole-transport layer 540 by vacuum deposi-
tion.

[0049] The electron-transport layer 560 ranges from about
50 Ato about 5000 A and The electron-injection layer 570
ranges from about 1 A to about 50 A are formed on the
emissive layer 550 by vacuum deposition. The electron-
transport layer 560 comprises Tris-(8-hydroxyquinolinate)
aluminum (1II) (Alg3), Tris-(8-hydroxyquinolinate)gal-
lium(IT) (Gaq3), or Tris-(8-hydroxyquinolinate) Indium
(1IT) (Inq3). The electron-injection layer 570 comprises a
metal fluoride, an alkali metal derivative, an alkaline metal
derivative, or an alkaline-earth metal derivative. Moreover,
the metal fluoride comprises LiF, CsF, or NaF.

[0050] The thickness of the cathode 580 ranges from about
500 A to about 5000 A is formed on the electron-injection
layer 570 by vacuum deposition. The cathode 580 comprises
a layer of LiF substantially about 1 nm and a layer of Al
substantially about 100 nm.

[0051] Moreover, the emissive layer 550, having blue host
materials, comprises sub-layers 550a, 5505, and 550¢. The
thickness of the sub-layer 550a can be substantially about
100 nm, and is doped with the concentration of the one or
more blue dopants can be substantially about 8 vol %. The
thickness of the sub-layer 5504 can be substantially about
100 nm, doped with the concentration of the one or more
blue dopants can be substantially about 5 vol %. The
thickness of the sub-layer 550¢ can be substantially about
100 nm, and is doped with the concentration of the one or
more blue dopants can be substantially about 2.5 vol %. The
one or more dopants comprise 10-(2-benzothiazolyl)-1,1,7,
7-tetramethyl-2,3,6,7-tetrahydro-1H,5H,
11H(1)benzopyrano(6,7,8-i) quinolizin-11-one (C545T),
2-(1,1-dimethylethyl)-6(2-(2,3,6,7-tetrahydro-1,1,7,7-tet-
ramethyl-1H,5H-benzo(ij) quinelizin-9-yl)ethyl)-4H-pyran-
4-ylidene)propanedinitrile (DCITB), or 2,5,8,11-tetrakis(1,
1-dimethylethyl)perylene (TBP). In other embodiments, the
one or more dopants comprise one or more green dopants
such as 3-(2'-benzothiazolyl)-7-diethylaminocoumarin(cou-
marin-6). In other embodiments, the one or more dopants
comprise singlets or triplets capable of emitting three pri-
mary colors. In other embodiments, the one or more dopants
may be dye.

[0052] FIG. 4 is a graph of the relative luminance as a
function of operating time for OELD of a first embodiment
(see curve-B).

[0053] As shown in Table 1, column 3 shows current
density, driving voltage, luminance, luminance efficiency,
and CIE coordinates for the device of first embodiment.

Second Embodiment

[0054] As shown in FIG. 6, an OELD comprises a first
electrode such as an anode, the thickness of the hole-
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injection layer (HIL) substantially about 150 nm, the thick-
ness of the hole-transport layer (HTL) substantially about 20
nm, the thickness of the emissive layer substantially about
40 nm, the thickness of the electron-transport layer (ETL)
substantially about 20 nm, the thickness of the electron-
injection layer (EIL) substantially about 1 nm, and a second
electrode such as a cathode.

[0055] UV-ozone treatment is performed on a substrate
610 having an anode formed thereon. The anode 620 is
indium tin oxide (ITO). In other embodiments, the anode
620 can be indium zinc oxide (IZO), cadmium tin oxide
(CTO), or the like.

[0056] The thickness of the hole-injection layer 630
ranges from about 50 A to about 5000 A, preferably 150 nm,
is formed on the processed substrate 610 by vacuum depo-
sition.

[0057] The thickness of the hole-transport layer 640
ranges from about 50 A to about 5000 A, preferably 20 nm,
is formed on the hole-injection layer 630 by vacuum depo-
sition. The hole-transport layer 640 comprise one or niore
diamine derivatives such as N,N'-diphenyl-N,N'-bis(1-naph-
thyl)-(1,1"-bisphenyl)-4,4'-diamine (NPB), N,N'-diphenyl-
N,N1-bis(3-methylphenyl)-(1.1'-bisphenyl)-4,4'-diamine
(TPD), 4.,4'.4"-tris(N-(1-naphtyl)-N-phenyl-amino)-trisphe-
nyl-amine (1T-NATA) or 4,4'.4"-tris(N-(2-naphtyl)-N-phe-
nyl-amino)-trisphenyl-amine (2T-NATA).

[0058] The thickness of the emissive layer 650 ranges
from about 50 A to about 2000 A, preferably 40 nm, is
formed on the hole-transport layer 640 by vacuum deposi-
tion.

[0059] The thickness of the electron-transport layer 660
ranges from about 50 A to about 5000 A and The thickness
of the electron-injection layer 670 ranges from about 1 A to
about 50 A are formed on the emissive layer 650 by vacuum
deposition. The electron-transport layer 660 comprises Tris-
(8-hydroxyquinolinate) aluminum (III) (Alq3), Tris-(8-hy-
droxyquinolinate)gallium(I1T) (Gaq3), or Tris-(8-hydrox-
yquinolinate) Indium (III) (Inq3). The electron-injection
layer 670 comprises a metal fluoride, an alkali metal deriva-
tive, alkaline metal derivative, or an alkaline-earth metal
derivative. Moreover, the metal fluoride comprises LiF, CsF,
or NaF.

[0060] The thickness of the cathode 680 ranges from about
500 A to about 5000 A is formed on the electron-injection
layer 670 by vacuum deposition. The cathode 680 comprises
a layer of LiF substantially about 1 nm and a layer of Al
substantially about 100 nm.

[0061] Moreover, the emissive layer 650, having blue host
materials, comprises sub-layers 650a, 6505, 650¢ and 6504.
The thickness of the sub-layer 650a can be substantially
about 100 nm, and is doped with the concentration of the one
or more blue dopants can be substantially about 10 vol %.
The thickness of the sub-layer 6505 can be substantially
about 100 nm, doped with the concentration of the blue one
or more dopants can be substantially about 7.5 vol %. The
thickness of the sub-layer 650¢ can be substantially about
100 nm, and is doped with the concentration of the one or
more blue dopants can be substantially about 5 vol %. The
thickness of the sub-layer 650d can be substantially about
100 nm, and is doped with the one or more blue dopants at
a concentration of 2.5 vol %. The one or more dopants
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comprise 10-(2-benzothiazolyl)-1,1,7,7-tetramethyl-2,3,6,7-
tetrahydro-1H,5H,11H(1)benzopyrano(6,7,8-1j) quinolizin-
11-one (C545T), 2-(1,1-dimethylethyl)-6(2-(2,3,6,7-tetrahy-
dro-1,1,7,7-tetramethyl-1H,5H-benzo(ij) quinolizin-9-
yl)ethyl)-4H-pyran-4-ylidene)propanedinitrile (DCITB), or
2,5,8,11-tetrakis(1,1-dimethylethyl)perylene (TBP). In other
embodiments, the one or more dopants can comprise green
dopants such as 3-(2'-benzothiazolyl)-7-diethylaminocou-
marin(coumarin-6), or singlets or triplets capable of emitting
three primary colors. In other embodiments, the one or more
dopants may be dye.

[0062] FIG. 4 is a graph of the relative luminance as a
function of operating time for the OELD of a second
embodiment (see curve-C).

[0063] As shown in Table 1, column 4 shows current
density, driving voltage, luminance, luminance efficiency,
and CIE coordinates for the device of second embodiment.

Third Embodiment

[0064] As shown in FIG. 7, the OELD comprises a first
electrode such as an anode, the thickness of the hole-
injection layer (HIL) substantially about 150 nm, the thick-
ness of the hole-transport layer (HTL) substantially about 20
nm, the thickness of the emissive layer substantially about
40 nm, the thickness of the electron-transport layer (ETL)
substantially about 20 nm, the thickness of the electron-
injection layer (EIL) substantially about 1 nm, and a second
electrode such as a cathode.

[0065] UV-ozone treatment is performed on a substrate
710 having the anode formed thereon. The anode 720 is
indium tin oxide (ITO). In other embodiments, the anode
720 can be indium zinc oxide (IZ0), cadmium tin oxide
(CTO), or the like.

[0066] The thickness of the hole-injection layer 730
ranges from about 50 A to about 5000 A, preferably 150 nm,
is formed on the processed substrate 710 by vacuum depo-
sition.

[0067] The thickness of the hole-transport layer 740
ranges from about 50 A to about 5000 A, preferably 20 nm,
is formed on the hole-injection layer 730 by vacuum depo-
sition. The hole-transport layer 740 comprise one or more
diamine derivatives such as N,N1-diphenyl-N,N1-bis(1-
naphthyl)-(1,1"-bisphenyl)-4,4'-diamine (NPB), N,N'-diphe-
nyl-N,N'-bis(3-methylphenyl)-(1,1'-bisphenyl)-4,4'-diamine
(TPD), 4.4'.4"-tris(N-(1-naphtyl)-N-phenyl-amino)-trisphe-
nyl-amine (1T-NATA) or 4,4'.4"-tris(N-(2-naphtyl)-N-phe-
nyl-amino)-trisphenyl-amine (2T-NATA).

[0068] The thickness of the emissive layer 750 ranges
from about 50 A to about 2000 A, preferably 40 nm, is
formed on the hole-transport layer 740 by vacuum deposi-
tion.

[0069] The thickness of the electron-transport layer 760
ranges from about 50 A to about 5000 A and The thickness
of the electron-injection layer 770 ranges from about 1 A to
about 50 A are formed on the emission layer 750 by vacuum
deposition. The electron-transport layer 760 comprises Tris-
(8-hydroxyquinolinate) aluminum (III) (Alq3), Tris-(8-hy-
droxyquinolinate)gallium(I1T) (Gaq3), or Tris-(8-hydrox-
yquinolinate) Indium (III) (Inq3). The electron-injection
layer 770 comprises a metal fluoride, an alkali metal deriva-
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tive, an alkaline metal derivative, or an alkaline-earth metal
derivative. Moreover, the metal fluoride comprises LiF, CsF,
or NaF.

[0070] The thickness of the cathode 780 ranges from about
500 A to about 5000 A is formed on the electron-injection
layer 770 by vacuum deposition. The cathode 780 comprises
a layer of LiF substantially about 1 nm and a layer of Al
substantially about 100 nm.

[0071] Theemissive layer 750, having blue host materials,
comprises sub-layers 750a, 7505, 750¢ and 750d. The
thickness of the sub-layer 750a can be substantially about
100 nm, and is doped with the concentration of the one or
more blue dopants can be substantially about 15 vol %. The
thickness of the sub-layer 7505 can be substantially about
100 nm, doped with the concentration of the one or more
blue dopants can be substantially about 10 vol %. The
thickness of the sub-layer 750¢ can be substantially about
100 nm, and is doped with the concentration of the one or
more blue dopants can be substantially about 5 vol %. The
thickness of the sub-layer 750d can be substantially about
100 nm, and is doped with the concentration of the one or
more blue dopants can be substantially about 2.5 vol %. The
one or more dopants comprise 10-(2-benzothiazolyl)-1,1,7,
7-tetramethyl-2,3,6,7-tetrahydro-1H,5H,
11H(1)benzopyrano(6,7,8-ij) quinolizin-11-one (C545T),
2-(1,1-dimethylethyl)-6(2-(2,3,6,7-tetrahydro-1,1,7,7-tet-
ramethyl-1H,5H-benzo(ij) quinolizin-9-yl)ethyl)-4H-pyran-
4-ylidene)propanedinitrile (DCITB), or 2,5,8,11-tetrakis(1,
1-dimethylethyl)perylene (TBP). In other embodiments, the
one or more dopants comprise one or more green dopants
such as 3-(2'-benzothiazolyl)-7-diethylaminocoumarin(cou-
marin-6), or singlets or triplets capable of emitting three
primary colors. In other embodiments, the one or more
dopants may be dye.

[0072] FIG. 4 is a graph of relative luminance as a
function of operating time for OELD of a third embodiment
(see curve-D).

[0073] As shown in Table 1, column 5 shows current
density, driving voltage, luminance, luminance efficiency,
and CIE coordinates for the device of third embodiment.

[0074] In other embodiments of the present invention, a
display 803 comprising the described OELD 802 and a
driving circuit 801 can also be provided. The OELD 802 is
coupled with the driving circuit 801, as shown in FIG. 8.

[0075] While the present invention has been described by
way of example and in terms of preferred embodiment, it is
to be understood that the present invention is not limited
thereto. To the contrary, it is intended to cover various
modifications and similar arrangements (as would be appar-
ent to those skilled in the art). Therefore, the scope of the
appended claims should be accorded the broadest interpre-
tation to encompass all such modifications and similar
arrangements.

What is claimed is:
1. An organic electroluminescent device (OELD), com-
prising:

a substrate;

a first electrode and a second electrode opposite to the first
electrode disposed over the substrate;
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a hole-transport layer disposed between the first electrode
and the second electrode;

an electron-transport layer disposed between the second
electrode and the hole-transport layer; and

an emissive layer disposed between the hole-transport
layer and the electron-transport layer,

wherein the emissive layer comprising a plurality of
sub-layers having a substantially identical host mate-
rial, and each of the sub-layers being doped with a
substantially different concentration of one or more
dopants.

2. The OELD of claim 1, further comprising:

a hole-injection layer disposed between the first electrode
and the hole-transport layer; and

an electron-injection layer disposed between the second

electrode and the electron-transport layer.

3. The OLED of claim 1, wherein the thickness of the
emissive layer ranges from about 50 A to about 2000 A.

4. The OLED of claim 1, wherein the concentration of the
one or more dopants ranges from about 0.1 vol % to about
99 vol %.

5. The OLED of claim 4, wherein the concentration of the
one or more dopants within each of the sub-layers decreases
along the increased direction of the thickness of the emissive
layer.

6. The OLED of claim 4, wherein the concentration of the
one or more dopants within each of the sub-layers increases
along the increased direction of the thickness of the emissive
layer.

7. The OLED of claim 4, wherein the concentration of the
one or more dopants within each of the sub-layers initially
increases gradually along the increased direction of the
thickness of the emissive layer, and then decreases gradu-
ally.

8. The OLED of claim 4, wherein the concentration of the
one or more dopants within each of the sub-layers initially
decreases gradually along the increased direction of the
thickness of the emissive layer, and then increases gradually.

9. The OLED of claim 2, wherein the thickness of the
Igole-injection layer ranges from about 50 A to about 5000
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10. The device of claim 1, wherein the hole-transport
layer comprises one or more diamine detivatives.

11. The OLED of claim 10, wherein the one or more
diamine derivatives comprise N,N'-diphenyl-N,N'-bis(1-
naphthyl)-(1,1'-bisphenyl)-4,4'-diamine ~ (NPB), N,N1-
diphenyl-N,N'-bis(3-methylphenyl)-(1,1'-bisphenyl)-4,4'-
diamine  (TPD),  4,4'4"-tris(N-(1-naphtyl)-N-phenyl-
amino)trisphenyl-amine (1T-NATA), or 4,4'4"-tris(N-(2-
naphtyl)-N-phenyl-amino)-trisphenyl-amine (2T-NATA).

12. The OLED of claim 1, wherein the thickness of the
gole-transpon layer ranges from about 50 A to about 5000

13. The OLED of claim 1, wherein the electron-transport
layer comprises one or more metal chelate derivatives.

14. The OLED of claim 1, wherein the thickness of the
electron-transport layer ranges from about 50 A to about
5000 A.

15. The OLED of claim 2, wherein the electron-injection
layer comprises a metal fluoride, an alkali metal derivative,
an alkaline metal derivative, or an alkaline-carth metal
derivative.

16. The OLED of claim 15, wherein the metal fluoride
comprise LiF, CsF, or NaF.

17. The OLED of claim 2, wherein the thickness of the
electron-injection layer ranges from about 1 A to about 50

18. The OLED of claim 1, wherein the thickness of the
second electrode ranges from about 500 A about 5000 A.

19. The OLED of claim 1, wherein the one or more
dopants comprise singlets or triplets.

20. The OLED of claim 1, wherein the one or more
dopants comprise 10-(2-benzothiazolyl)-1,1,7,7-tetram-
ethyl-2.3,6,7-tetrahydro-1H,5H,11H(1)benzopyrano(6,7,8-
ij) quinolizin-11-one (C545T), 2-(1,1-dimethylethyl)-6(2-
(2,3,6,7-tetrahydro-1,1,7,7-tetramethyl-1H,5H-benzo(ij)
quinolizin-9-yl)ethyl)-4H-pyran-4-ylidene)propanedinitrile
(DCITB), or 2,5,8,11-tetrakis(1,1-dimethylethyl)perylene
(TBP).

21. A display comprising an organic electroluminescent
device of claim 1.
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