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(57) ABSTRACT

The present invention provides an organic electrolumines-
cent display device and a method of preparing the same. The
organic electroluminescent display device may include a
first electrode formed on a substrate. A second electrode may
be formed so as to be insulated from the first electrode. One
or more organic layers may be interposed between the first
electrode and the second electrode and include at least an
emission layer. One layer or a plurality of layers may be
formed on the second electrode and comprise a material or
materials having a refractive index higher than a refractive
index used to form a material that comprise the second
electrode. An organic electroluminescent display device
fabricated in this matter has improved efficiency of light
extraction. Such a device also resists infiltration of moisture
and oxygen to a luminous part of the device that includes the
first electrode, the second electrode, and the organic layer.
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FIG. 2B (PRIOR ART)
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ORGANIC ELECTROLUMINESCENT DISPLAY
DEVICE AND METHOD OF PREPARING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to Korean Patent
Application No.10-2004-0042211, filed on Jun. 9, 2004 and
to Korean Patent Application No.10-2004-0045031, filed on
Jun. 17, 2004, in the Korean Intellectual Property Office, the
disclosures of which are herein incorporated by reference in
their entireties.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention generally relates to flat panel
display devices and methods for fabricating the same and,
more particularly, to an organic electroluminescent display
(OLED) device that may have superior efficiency of light
extraction and superior resistance to moisture and oxygen
infiltration, and to a method of manufacturing the same.

[0004] 2. Description of Related Art

[0005] Flat panel displays may be categorized as emissive
devices or as non-emissive devices. Examples of emissive
devices are a flat cathode ray tube (CRT), a plasma display
panel, an electroluminescent device, and a light emitting
diode. An example of a non-emissive device is a liquid
crystal display (LCD). Of these display devices, electrolu-
minescent devices have wider viewing angles, faster video
response speeds, and lower power consumption than con-
ventional CRT displays. Other advantages over CRTs
include increased brightness, lighter weight, improved dura-
bility, and expanded ranges of operating temperatures.
OLEDs may be classified as organic or inorganic depending
on a type of material that forms the OLEDs’ emission layer.
For these and other reasons, OLEDs are considered to be
next-generation replacements of CRT displays.

[0006] An OLED device includes an emission layer com-
posed of an organic compound sandwiched between an
anode and a cathode. When a voltage is applied to each of
the anode and cathode, holes from the anode migrate, via a
hole transport layer, to an emission layer. Electrons from the
cathode migrate, via an electron transport layer (ETL), to the
emission layer, in which the electrons and holes recombine
to generate exitons. As the exitons fall from their excited
state to a ground state, they cause fluorescent molecules of
the emission layer to emit light. Images are formed by
selectively switching patterns of unit pixels on and off. Full
color OLED devices have pixels that may emit red (R),
green (G), or blue (B) light.

[0007] To ensure a long operating life, the emission layer
and the cathode on the emission layer should be shielded
from moisture to be protected from exfoliation and shielded
from oxygen infiltration to be protected from oxidation. An
example of shielding is set forth in Korean Patent Publica-
tion No. 2001-0067868, which discloses forming a layer of
an insulating polymer compound, such as high density
polyethylene, on an emission layer and a metal electrode
using a vacuum system; forming a layer of an inorganic
metal on the polymer compound layer; forming a layer of an
insulating inorganic metal on the inorganic metal layer; and
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forming a layer of an insulating polymer compound on the
insulating inorganic metal layer. Nevertheless, the lifespan
of the OLED taught by Korean Patent Publication No.
2001-0067868 may not reach satisfactory levels and may
have poor light extraction efficiency, and thus improvement
is needed.

SUMMARY OF THE INVENTION

[0008] The present invention provides an organic elec-
troluminescent display (OLED) device that may have supe-
rior light extraction efficiency and resistance to moisture and
oxygen infiltration, and a method of fabricating the same.
The OLED device may include a substrate on which a first
electrode is provided. A second electrode is formed so as to
be insulated from the first electrode. One or more organic
layers may be interposed between the first electrode and the
second electrode and may include at least an emission layer.
One layer or a plurality of layers may be formed on the
second electrode and may comprise a material or materials
having a refractive index that is higher than a refractive
index of a material forming the second electrode.

[0009] The organic electroluminescent display device of
the present invention as described above may exhibit supe-
rior image quality due to both improved efficiency of light
extraction and color purity. Also, the organic electrolumi-
nescent display device of the present invention has an
improved lifespan due to its protection from moisture and
oxygen infiltration of an emission part comprising a first
electrode, a second electrode, and an organic layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The above and other features and advantages of the
present invention will become more apparent by describing
in detail exemplary embodiments thereof with reference to
the attached drawings.

[0011] FIG. 1 is a cross-sectional view of an organic
electroluminescent display device manufactured in accor-
dance with the principles of the present invention.

[0012] FIG. 2A schematically illustrates an arrangement
of atoms constituting a protective layer that may be incor-
porated in the organic electroluminescent device of the
present invention.

[0013] FIG. 2B schematically illustrates an arrangement
of atoms constituting a conventional protective layer.

[0014] FIG. 3 schematically illustrates an ion beam
assisted deposition (IBAD) technique that may be used to
fabricate an OLED of the present invention.

[0015] FIG. 4A is a graph illustrating the leakage current
of a conventional OLED device that has no buffering layer.

[0016] FIG. 4B is a graph illustrating the leakage current
of an OLED device manufactured according to the prin-
ciples of the present invention to have a buffering layer.

[0017] FIG. 5 is a graph of illustrating the efficiency of
various OLED devices manufactured in accordance with the
principles of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0018] The present invention will be described in more
detail with reference to the attached drawings. One embodi-
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ment of the organic electroluminescent display (OLED)
device of the present invention is illustrated in FIG. 1, which
is a cross-sectional view of an active matrix type OLED
device 10.

[0019] Referring to FIG. 1, the OLED device 10 includes
a substrate 81 that may be composed of a transparent
material, such as but not limited to, glass or plastic. A
buffering layer 82 may be optionally formed to uniformly
cover an upper surface of the substrate 81.

[0020] An active layer 44 arranged in a predetermined
pattern may be formed on the buffering layer 82. The active
layer 44 may be embedded under a gate insulating layer 83.
A gate electrode 42 may be formed on the gate insulating
layer 83 in a region that corresponds to the active layer 44.
The gate electrode 42 may be embedded by an intermediate
insulating layer 84. After the intermediate insulating layer
84 is formed, the gate insulating layer 83 and the interme-
diate insulating layer 84 may be etched by an etching
process such as dry etching to form contact holes 83a, 844,
thereby allowing a part of the active layer 44 to be exposed.

[0021] A source electrode 41 is coupled to the source
region through contact holes 834, 844, and a drain electrode
is coupled to the drain region through contact holes 834 and
84a. The source electrode 41 and the drain electrode 43 may
be embedded in a protective layer 85. After forming the
protective layer 85, a portion of the drain electrode 43 is
exposed through an etching process.

[0022] The protective layer 85 may comprise an insulator.
The protective layer 85 may also be an inorganic layer, such
as silicon oxide or silicon nitride. Alternatively, the protec-
tive layer 85 may be an organic layer, such as acryl or BCB.
In one embodiment, a separate insulating layer for planariza-
tion may be further formed on the protective layer 83.

[0023] The organic light emitting diode 60 displays a
predetermined image by emitting red (R), green (G) or blue
(B) light in proportion to the application of an electric
current. The first electrode 61 (pixel electrode) may connect
to the drain electrode 43 of TFT 40. A second electrode 62
(counter electrode) may be deposited to completely cover
the entire pixel. An emission layer 63 may be interposed
between the first electrode 61 and the second electrode 62.

[0024] The first electrode 61 and the second electrode 62
may be insulated from each other. Each electrode may apply
voltages of polarities different from each other to the emis-
sion layer 63 in order to emit light.

[0025] The emission layer 63 may comprise a low molecu-
lar weight or high molecular weight organic material. When
using a low molecular weight organic material, a hole
injection layer (HIL), a hole transport layer (HTL), an
emission layer (EML), an electron transport layer (ETL), an
electron injection layer (EIL), and the like may be laminated
in a single or multi-layered structure. Examples of the
available organic material include copper phthalocyanine
(CuPc), N,N'-di(naphthalene-1-y1)-N,N'-diphenyl-benzidine
(NPB), tris-8-hydroxyquinoline aluminum (Alg3), and the
like. The layers of low molecular weight organic materials
may be formed by vacuum evaporation.

[0026] When using a high molecular weight organic mate-
rial, the emission layer 63 may include an HTL and an EML.
PEDOT may be used for the HTL and a high molecular
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weight organic material, such as poly-phenylenevinylene
(PPV) based compounds, and polyfluorene based com-
pounds is used for the EML. The layers of high molecular
weight materials may be formed by screen printing or inkjet
printing.

[0027] The organic emission layer is not limited to the
embodiments as described above and various embodiments
can be applied. For example, first electrode 61 may act as an
anode, and the second electrode 62 may act as a cathode or
their functions may be reversed. The first electrode 61 may
be patterned so as to correspond to a region of each pixel,
and the second electrode 62 may be formed so as to
completely cover the entire pixel.

[0028] The first electrode 61 may be fabricated as a
transparent electrode or as a reflective electrode. When the
first electrode 61 is a transparent electrode, it may comprise
ITO, 1Z0, ZnO, or In O;. When the first electrode 61 is a
reflective electrode, it Lmay be fabricated by first forming a
reflective layer comprising Ag, Mg, Al, Pt, Pd, Au, Ni, Nd,
Ir, Cr, or a combination thereof, and then forming a trans-
parent electrode layer comprising ITO, IZO, ZnO, or In, O,
thereon. Meanwhile, the second electrode 62 may also be
fabricated as either a transparent electrode or as a reflective
electrode. When the second electrode 62 is a transparent
cathode, a metal with low work function, i.e., Li, Ca, LiF/Ca,
LiF/Al, Al, Ag, Mg, or a combination thereof may be
deposited so as to direct toward the organic emission layer
63. An assisting electrode layer or bus electrode line may be
formed of ITO, IZO, ZnO, or In,0; on the second electrode.
When the second electrode 62 is a reflective electrode, it
may be fabricated of deposited Li, Ca, LiF/Ca, LiF/Al, Al,
Ag, Mg, or a combination thereof.

[0029] The second electrode 62 may be formed so as to be
insulated from the first electrode 61. One or more organic
layers may be interposed between the first electrode 61 and
the second electrode 62 and may include at least an emission
layer. One layer or a plurality of layers formed on the second
electrode may comprise a material or materials having a
refractive index higher than a refractive index of a material
used to form the second electrode 62 in order to maximize
the light extraction efficiency through the second electrode
62. Laminating a one layer or a plurality of layers on the
second electrode 62 may prevent moisture and oxygen from
permeating into the first electrode 61, the second electrode
62, and the organic layer located below. When a plurality of
layers are formed on the second electrode 62, the layers can
be laminated such that the refractive indexes of the materials
of each of the layers sequentially increase in a direction
outward from the second electrode 62 in order to maximize

the light extraction efficiency through the second electrode
62.

[0030] Examples of the material which may be laminated
on the second electrode 62 include insulating organic or
inorganic materials, such as metal oxide, metal nitride or
metal fluoride. Examples of inorganic materials that may be
laminated on the second electrode 62 are shown in Table 1
together with their respective refractive indexes.
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TABLE 1

Compound Refractive index
MgO 1.72
AlLO; 1.63~1.64
ALO; + ZiO, 1.66~1.75
Sio 1.9
Sio, 1.46
Sc,04 1.9
TiO 2.35
TiO, 2.2~2.4
Ti, 05 2.34
TiO, + Zr0, 213
Ti;05 2.31
Ti,0, 2.34
7n0O 2.1
Y,0; 1.87
710, 2.05
Nb,Os 2.3
MoO, 1.9
Sb,05 2.1
12,0, 1.9
HfO, 1.9~2
Ta,05 2.1
In, 04 2
In,0; + SnO, 2
SnO, 2
Ta,04 2.1
WO, 1.68
Bi,0, 1.9
CeO, 213
Eu,0,4 1.9
PrsOyy 1.93
Nb,O; 2.15
Nb,Os 2
Sm,0;5 1.9

,05 1.93
LiF 1.36
NaF 1.3
NasALFy, 1.33
Na,;AlFg 1.35
MgF, 1.38
AlF, 1.4
CaF, 1.4
StF, 1.4
YF; 1.52
BaF, 1.3
1aF, 1.59
CeF, 1.63
PbF, 1.75
NbF, 1.55
SmF; 1.6
7nS 2.3
Ge 4.0
Si 33

[0031] The refractive index of a material laminated on the
second electrode 62 may be 0.01 to 3.0, and preferably 0.3
to 1.5 higher than a refractive index of a material that forms
the second electrode 62.

[0032] The differences in the refractive indexes as
described above may be obtained from the refractive indexes
of the materials listed in Table 1.

[0033] In another embodiment, the present invention may
provide a method of fabricating an OLED device. Steps of
the method may be performed in any suitable order and may
include: forming a first electrode on a substrate; forming one
or more organic layers including at least an emission layer
on the first electrode; forming a second electrode on the
organic layer; and forming on the second electrode a layer
or a plurality of layers comprising a material or materials
having a refractive index higher than a refractive index of a
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material that forms the second electrode. That is, the values
of each refractive index may increase in a direction extend-
ing away from the second electrode.

[0034] In one embodiment, buffering layer 67 may be
formed on the second electrode 62 and a protective layer 65
may be formed on the buffering layer 67. The buffering layer
67 and the protective layer 65 are further described with
reference to FIG. 2A, below.

[0035] FIG. 2A illustrates an exemplary arrangement of
atoms comprising the protective layer 63 in one embodiment
of the present invention. FIG. 2B illustrates a typical
arrangement of atoms in a conventional protective layer.

[0036] Referring to FIG. 1 and FIG. 2A, the protective
layer 65 of the present invention may have a surface
roughness of about 5 A. Atoms constituting the protective
layer 65 having the surface roughness in the above range
tend to be compactly arranged. In contrast, the atoms
constituting the conventional protective layer 65B of FIG.
2B tend to contain voids C and defects D, which are
breakages of the atomic arrangement. As FIG. 2A illus-
trates, such voids and defects are not substantially present in
the compactly arranged protective layer 65 of the present
invention, which improves the lifespan of the OLED device
10 by preventing oxygen and/or moisture from permeating
through the surface A of protective layer 65 and into contact
with the second electrode 62. When the surface roughness of
the protective layer 65 is greater than about 50 A, the
invention’s compact atomic structure is not achieved, and
thus permeation of oxygen and/or moisture cannot be pre-
vented.

[0037] The protective layer 65 may comprise at least one
compound of metal oxides and nitrides. Examples of the
metal oxides and nitrides include SiO,, SiN, (x21), TiO,
Ta0, and the like, but are not limited thereto. The protective
layer 65 can further include a network former in addition to
the metal oxide and nitride. Herein, the term “network
former” means a material that improves an interatomic
network by forming bonds of disconnected networks of
atoms constituting a base material (which may be an insu-
lating material formed of a metal oxide or metal nitride that
contains a network former). Examples of a suitable network
former include Li, Na, K, Ca, Sn, Rb, Cs, Ba, Pb, Be, Mg,
Ce and Nb, but are not limited thereto. For example, the
protective layer 65 may be SiO, or SiSnO where Sn acts as
the network former, but the composition of the protective
layer 65 is not limited thereto.

[0038] The protective layer 65 may be formed using an ion
beam assisted deposition (IBAD) method that includes an
evaporation source and an ion beam source. FIG. 3 illus-
trates an exemplary operation of an IBAD technique. Refer-
ring to FIG. 3, when depositing particles 92 emitted from an
evaporation source 97 adhere to a surface of a substrate 91,
ions 93 emitted from an ion beam source 95 increase the
surface mobility of the particles 92 and cause the particles 92
to be compactly deposited on the substrate 91.

[0039] The particles 92 emitted from the evaporation
source 97 of the IBAD become/form the material constitut-
ing the protective layer 65. Examples of the particle 92
include metal oxides and nitrides, and more specifically,
Si0,, SiN, (x21), TiO, TaO, and the like, but are not limited

thereto. The particles 92 emitted from the evaporation
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source 97 may further include the network former as
described above in addition to the metal oxide and nitride.

[0040] The ions 93 emitted from the ion beam source 95
may be a material that constitutes a substrate on which a
protective layer is formed, for example, materials that can-
not react with the material constituting the second electrode
62 and any particle emitted from the evaporation source as
described above. An example of a suitable ion includes ions
of inert gas. More specifically, Ar*, Kr* or Xe*ions may be
used.

[0041] The energy of the ion beam source of the IBAD
may be about 50 eV to about 200 eV, and is preferably about
80 eV to about 150 ¢V. When the energy of the ion beam
source is less than about 50 eV, the energy of ions emitted
from the ion beam source becomes too low to increase the
surface mobility of the particles emitted from the evapora-
tion source, and thus a compact protective layer having a
high density and low surface roughness cannot be formed.
When the energy of the ion beam source is greater than 200
eV, the energy of the ions emitted from the ion beam source
is so high that ions emitted from the ion beam source may
etch the protective layer formed. Thus, about 150 eV is
preferred.

[0042] When forming the protective layer using the IBAD,
a ratio of the number of particles emitted from the evapo-
ration source 97 to the number of ions emitted from the ion
beam source 95 may be 1:1, and preferably 0.9:1. When the
number of ions emitted from the ion beam source 95 is
above the range, the protective layer 65 may be etched by
ions emitted from the ion beam source as the protective layer
65 is formed. When the number of ions emitted from the ion
beam source 95 is below the range, the number of the ions
is too low to form a compact protective layer having a high
density and low surface roughness.

[0043] The above ratio may be controlled by adjusting the
flux of electrons of the ion beam source 95 and/or adjusting
an inflow of gas for generating ions. For example, when
forming a protective layer 65 composed of SiSnO by using
an evaporation source 97 to emit both silicon oxide particles
and Sn particles and an ion beam source 93 to emit argon
ions, the ratio of the number of silicon oxide particles and Sn
particles to the number of argon ions may be controlled to
be 1:1 by adjusting an ion flux of the ion beam source 95 to
about 50 mA and by adjusting an inflow of argon gas to 5
about sccm.

[0044] When forming the protective layer 65 using the
IBAD, the evaporation source 97 may be either a thermal
evaporation source or an electron beam evaporation source.
Examples of an ion beam source 95 include a Kaufmann-
type ion gun, an Endhall-type ion gun, an rf-type ion gun,
and the like. These sources may be easily selected by those
skilled in the art to implement the principles of the present
invention.

[0045] The protective layer 65 may be formed by IBAD as
described above. Since the evaporation source 97 and the ion
beam source 95 are simultaneously used in the IBAD, a
substrate part on which particles emitted from the evapora-
tion source 97 will be deposited may be impaired by ions
emitted from the ion beam source 93. In particular, a front
emission organic electroluminescent display device may
include a second electrode 62 that is very thin, for example,
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about 200 A or less. Such a thin second electrode 62 may be
impaired by ions emitted from the ion beam source when the
protective layer 65 is formed by IBAD. This impairment
may damage the organic layer 63. If the organic material of
the organic layer 63 is decomposed by ions emitted from the
ion beam source 95, a leakage current may occur when the
organic electroluminescent device operates. The leakage
current may result in poor pixel lamination and reduced
operating lifespan. Either phenomenon reduces the reliabil-
ity of the organic electroluminescent display device. To
prevent the second electrode 62 and the organic layer 63
from being impaired when the protective layer 63 is formed,
a buffering layer 67 may be included between the second
electrode 62 and the protective layver 65.

[0046] The thickness of the buffering layer 67 may be
about 300 A to about 1000 A, and preferably about 500 A.
When the buffering layer 67 is less than about 300 A thick,
the second electrode 62 and the organic layer 63 may be
impaired when the protective layer 65 is formed. When the
buffering layer 67 is about 1000 A thick, the deposition time
lengthens. In some cases, a thick buffering layer 67 may
lower the efficiency of light extraction.

[0047] The buffering layer 67 may comprise a metal oxide
or nitride, or an organic material. Examples of a metal oxide
or nitride include silicon oxide, silicon nitride, tin oxide, and
the like. An example of an organic material includes copper
phthalocyanin, but is not limited thereto.

[0048] To maximize the efficiency of light extraction, the
buffering layer 67 may comprise a material having a refrac-
tive index higher than a refractive index of a material that
forms the second electrode 62 but less than a refractive index
of a material that forms the protective layer 65. The refrac-
tive index of a material of the buffering layer 67 may be
selected with reference to refractive indexes described in
Table 1.

[0049] The buffering layer 67 may comprise a material
having an optical band gap of about 3.0 eV 10 about 6.0 eV.
The optical band gap should not be less than 3.0 eV. If the
optical band gap drops below the 3.0 eV threshold, the
buffering layer 67 may become opaque. An opaque buffering
layer 67 may reduce the efficiency of the light extraction.
Alternatively, an undesired leakage current caused by elec-
troconductivity may occur.

[0050] Thus, the method of preparing the organic elec-
troluminescent display device according to the present
embodiment includes forming the buffering layer 67 on the
second electrode 62 prior to forming the protective layer 63.
The buffering layer 67 may be formed using a common
deposition method, such as vacuum evaporation or a coating
method, such as a spin coating method. The method of
forming the buffering layer 67 may be easily selected by
those skilled in the art according to the physical properties
of a material used to form the buffering layer 67. After
forming the buffering layer 67, the protective layer 65 may
be formed as described above.

[0051] Although the organic electroluminescent display
device and the method of preparing the same according to
embodiments of the present invention have been described
using the active matrix organic electroluminescent display
device as an example, the present invention is not limited
thereto.
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[0052] The present invention will now be described in
greater detail with reference to the following examples.

EXAMPLE 1

[0053] ITO, PEDOT with a thickness of 500 A, PPV with
a thickness of 800 A, LiF with a thickness of 10 A, and
Mg:Ag with a thickness of 160 A were sequentially lami-
nated on a glass substrate and a SnOx layer with a thickness
of 400 A was formed on the Ag layer using a thermal
deposition method. Thereafter, 1 g of silicon oxide powder
was prepared as a silicon oxide deposition source and 1 g of
Sn was prepared as a Sn deposition source. Then, a container
including the silicon oxide deposition source, the Sn depo-
sition source, an ion beam source, a thermal evaporation
source, a substrate holder, and a rotation shaft for rotating
the substrate holder was prepared. Those prepared as
described above were used as the silicon oxide deposition
source and the Sn deposition source, an EndHall-type ion
gun (available from Infovion Co., Ltd.) was used as the ion
beam source, and Helisys (available from ANS Co., Ltd.)
was used as the thermal evaporation source. The prepared
substrate was mounted in the substrate holder positioned so
as to face the silicon oxide deposition source and the Sn
deposition source. Then, the container was operated under
the condition as illustrated in Table 2 to form a SiSnO layer
with a thickness of 800 A on the SnOx layer.

TABLE 2

1.0 x 1077 Torr

Oxygen flux - 2 scem
Argon flux - 5 sccm
Tungsten boat, BN boat
200 A

Basic pressure
Gas flux

Thermal evaporation source
Operation conditions of
thermal evaporation source
Ton beam source

Operation conditions of ion
beam source

EndHall-type ion gun
Discharge current - 500 Ma
Discharge voltage - 300 V
Beam Voltage - 150 eV
Beam Current - 50 mA

Deposition angle 90°
Substrate RPM 4.5
Temperature of substrate 80° C.
Deposition rate 5 Ajsec

[0054] The device thus-obtained having the SnOx layer
and the SiSnO layer is called “Sample 1”.

EXAMPLE 2

[0055] Sample 2 was prepared in the same manner as in
Example 1, except that a SiSnO layer with a thickness of 300
A rather than 800 A was formed.

COMPARATIVE EXAMPLE 1

[0056] A SiSnO layer was formed on the Mg:Ag layer in
the same manner as in Example 1, except that the Mg: A
layer was formed to a thickness of 100 A instead of 160 A
and a SnO layer was not formed. This was called “Sample
A7,

EVALUATION EXAMPLE 1

Evaluation for Surface Morphology of the SiSnO
Layer
[0057] The surface roughness of the SiSnO layer of
Sample 1 was determined through a SEM photograph. As a
result, the surface roughness (rms) of the SiSnO layer of
Sample 1 was 30 A
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EVALUATION EXAMPLE 2

Evaluation for Leakage Current

[0058] The leakage current occurring when Sample A and
Sample 1 were operated and measured using an ampereme-
ter. The results are illustrated in FIG. 4A and FIG. 4B. In
FIG. 4A, the x axis represents voltage and the y axis
represents current. FIG. 4B illustrates the results measuring
4 times the leakage current. Referring to FIG. 4A, upon
operation of Sample A, the leakage current of 107> mA/cm®
or greater occurred at -6 V. However, referring to FIG. 4B,
upon operation of Sample 1, leakage current of 107*
mA/cm? or less occurred at -6 V. Thus, it can be seen that
the second electrode and the organic layer of Sample 1 in
which a protective layer was formed after providing the
buffering layer on the Mg:Ag layer as the second electrode
were not impaired.

EVALUATION EXAMPLE 3

Evaluation for Light Efficiency

[0059] The light efficiency of Sample 2 and a device
(hereinafter, referred to as “Sample B”) having ITO, PEDOT
with a thickness of 500 13\, PPV with a thickness of 800 A,
LiF with a thickness of 10 A, and Mg:Ag with a thickness
of 160 A formed on a glass substrate was determined. The
light efficiency was determined using an IVL meter (Pho-
toResearch PR650, Keithley 238) and the results are illus-
trated in FIG. 5. Referring to FIG. 5, the light efficiency of
Sample 2 was 1.2 to 1.4 times higher than the light efficiency
of Sample B, indicating that Sample 2, according to an
embodiment of the present invention, had an improved light
efficiency.

EVALUATION EXAMPLE 4

Evaluation for Color Purity

[0060] The color purity of Sample 2 and Sample B was
evaluated using an IVL meter (PhotoResearch PR650, Kei-
thley 238). The results are illustrated in Table 3.

TABLE 3

Color purity

Sample name X Y
Sample B 0.1281 0.1616
Sample 2 0.1427 0.1079
[0061] Referring to Table 3, the color coordinates of

Sample B were 0.12 and 0.16 whereas color coordinates of
Sample 2 were 0.14 and 0.10. Thus, it can be seen that
Sample 2, according to an embodiment of the present
invention, had superior color coordinates.

[0062] The organic electroluminescent display device
according to an embodiment of the present invention
includes at least one layer of a material with a refractive
index that is higher than a refractive index of a material of
a second electrode, on the second electrode to have superior
light extraction efficiency. In addition, by having a buffering
layer between the second electrode and a protective layer,
the second electrode and an organic layer are not signifi-
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cantly impaired when forming the compact protective layer.
Thus, an organic electroluminescent display device having
significantly reduced leakage current, no (or virtually no)
poor quality pixels, and an increased lifespan may be
obtained.

[0063] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary
skill in the art that various changes in form and details may
be made therein without departing from the spirit and scope
of the present invention as defined by the following claims.

What is claimed is:
1. An organic electroluminescent display device, com-
prising:

a first electrode provided on a substrate;

a second electrode formed so as to be insulated from the
first electrode;

one or more organic layers interposed between the first
electrode and the second electrode and including at
least an emission layer; and

one layer or a plurality of layers formed on the second
electrode and composed of a material or materials
having a refractive index higher than a refractive index
of a material used to form the second electrode.
2. The organic electroluminescent display device of claim
1, wherein the plurality of layers is laminated such that the
refractive index of the material of each of the layers sequen-
tially increases in a direction away from the second elec-
trode.
3. The organic electroluminescent display device of claim
1, wherein the material having a refractive index higher than
the refractive index of the material used to form the second
electrode has a refractive index 0.01 to 3.0 times higher than
the refractive index of the material used to form the second
electrode.
4. An organic electroluminescent display device, com-
prising:

a first electrode provided on a substrate;

a second electrode formed so as to be insulated from the
first electrode;

one or more organic layers interposed between the first
electrode and the second electrode and including at
least an emission layer; and

a protective layer formed on the second electrode,

wherein a buffering layer is interposed between the sec-
ond electrode and the protective layer.

5. The organic electroluminescent display device of claim
4, wherein the thickness of the buffering layer is about 300
A to about 1000 A.

6. The organic electroluminescent display device of claim
4, wherein the buffering layer comprises at least one material
selected from the group consisting of metal oxides and metal
nitrides.

7. The organic electroluminescent display device of claim
4, wherein the buffering layer has a refractive index higher
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than a refractive index of a material used to form the second
electrode but lower than a refractive index of a material used
to form the protective layer.

8. The organic electroluminescent display device of claim
4, wherein the buffering layer comprises a material with an
optical band gap of about 3.0 eV to about 6.0 eV.

9. The organic electroluminescent display device of claim
4, wherein a surface roughness (rms) of the protective layer
is about 5 A to about 50 A.

10. The organic electroluminescent display device of
claim 4, wherein the protective layer comprises at least one
material selected from the group consisting of metal oxides
and metal nitrides.

11. The organic electroluminescent display device of
claim 10, wherein the protective layer further includes a
network former.

12. The organic electroluminescent display device of
claim 11, wherein the network former comprises at least one
element selected from the group consisting of Li, Na, K, Ca,
Sn, Rb, Cs, Ba, Pb, Be, Mg, Ce, and Nb.

13. A method of preparing an organic electroluminescent
display device, the method comprising:

forming a first electrode on a substrate part;

forming one or more organic layers including at least an
emission layer on the first electrode;

forming a second electrode on the organic layer; and

forming one layer or a plurality of layers comprising a
material or materials having a refractive index higher
than a refractive index of a material used to form the
second ¢lectrode on the second electrode.

14. The method of claim 13, wherein forming the plurality
of layers of materials having the refractive index higher than
the refractive index of a material used to form the second
electrode includes laminating the layers such that the refrac-
tive index of the material of each of the layers sequentially
increases in a direction away from the second electrode.

15. The method of claim 13, wherein the one layer or at
least one layer of the plurality of layers comprising a
material or materials having a refractive index higher than a
refractive index of a material used to form the second
electrode is a protective layer or a buffering layer.

16. The method of claim 13, wherein the one layer or at
least one layer of the plurality of layers comprising a
material or materials having a refractive index higher than a
refractive index of a material used to form the second
electrode is formed using ion beam assisted deposition
(IBAD) that includes an evaporation source and an ion beam
source.

17. The method of claim 16, wherein ions emitted from
the ion beam source are ions of at least one atom selected
from the group consisting of inert gases.

18. The method of claim 16, wherein an energy of the ion
beam source is about 50 eV to about 200 eV.

19. The method of claim 16, wherein a ratio of a number
of ions emitted from the ion beam source to a number of
particles emitted from the evaporation source is in a range of
about 1:1 to about 0.9:1.
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