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1
ORGANIC LIGHT EMITTING DIODE
DISPLAY DEVICE AND METHOD OF
FABRICATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION AND CLAIM FOR PRIORITY

This application claims priority to and the benefit of
Korean Patent Application No. 2006-0136777, filed on Dec.
28, 2006, the disclosure of which is incorporated herein by
reference in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an organic light emitting
diode (OLED) display device and a method of fabricating the
same.

2. Description of the Related Art

Generally, an organic light emitting diode (OLED) display
device is an emitting display device, in which an electron and
a hole are respectively inserted from an electron injecting
electrode (cathode) and a hole injecting electrode (anode)
into an emission layer, and the injected electron and hole are
combined to thereby create an exciton, which emits light
when transitioning from an excited state to a ground state.

Unlike a conventional liquid crystal thin film display
device, a separate light source is not required due to the above
structure, and this results in reduced size and weight of a
device.

Generally, an OLED display device includes a substrate, a
lower electrode disposed on the substrate, an organic layer
including an emission layer disposed on the lower electrode,
and an upper electrode disposed on the organic layer. The
organic layer may further include ahole injection layer (HIL),
a hole transport layer (HTL), and an electron blocking layer
(EBL) between the lower electrode and the emission layer,
and a hole blocking layer (HBL), an electron transport layer
(ETL), and an electron injection layer (EIL) between the
emission layer and the upper electrode.

Also, the OLED display device may be classified into a
bottom-emitting type and a top-emitting type depending on
an emission direction of light generated from the emission
layer. In the bottom-emitting type, light emits towards the
substrate, an upper electrode is formed of a reflective elec-
trode, and a lower electrode is formed of a transparent elec-
trode. Here, when the OLED display device adopts an active
matrix type, in which a thin film transistor is formed, light
cannot pass through a region where the thin film transistor is
formed, and thus an area through which light can pass is
reduced. In contrast, in the top-emitting type, an upper elec-
trode is formed of a semi-transmissive metal layer, and a
lower electrode is formed of a transparent electrode including
a reflective layer, so that light emits towards a direction oppo-
site to a substrate, and an area through which light passes
becomes larger than that of the bottom-emitting type.

In a conventional top-emitting OLED display device, an
upper electrode is formed of a transparent conductive mate-
rial such as Indium Tin Oxide (ITO) or Indium Zinc Oxide
(IZO) or a very thin metal layer such as magnesium-silver
(MgAg) so that light passes through the upper electrode.

However, when the upper electrode is formed of the trans-
parent conductive material such as ITO or 17O, the upper
electrode may have a high transmittance, but it is not appro-
priate due to a high work function when an upper electrode is
a cathode. Also, when the upper electrode is formed of the
semi-transmissive metal layer such as MgAg, the semi-trans-
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missive metal layer should be formed thin in order to enhance
transmittance, so that it has a problem of an increased resis-
tance value.

SUMMARY OF THE INVENTION

The present invention provides an improved organic light
emitting diode (OLED) display device.

According to an aspect of the present invention, there is
provided a top-emitting organic light emitting diode (OLED)
display device.

According to an aspect of the present invention; there is
provided a method of making an organic light emitting diode
(OLED) display device.

In an exemplary embodiment of the present invention, an
OLED display device includes: a substrate; a first electrode
disposed on the substrate; an organic layer including an emis-
sion layer, the organic layer formed on the first electrode; and
a second electrode including an ytterbium (Yb) layer formed
on the organic layer and a silver (Ag) formed on the ytterbium
layer.

In an exemplary embodiment of the present invention, a
top-emitting organic light emitting diode (OLED) display
device, comprising: a substrate; a first electrode disposed on
the substrate, the first electrode comprising a reflective layer
and a transparent electrode material formed on the reflective
layer; an organic layer including an emission layer, the
organic layer formed on the first electrode; and a second
electrode including an ytterbium (Yb) layer formed on the
organic layer and a silver (Ag) formed on the ytterbium layer,
the second electrode having a thickness of 90 A to 120 A.

In an exemplary embodiment of method of manufacturing
an OLED display device, a method of fabricating an OLED
display device includes: providing a substrate; forming a first
electrode on the substrate; forming an organic layer including
an emission layer on the first electrode; and forming a second
electrode comprising an Yb layer formed on the organic layer
and a Ag layer formed on the Yb layer.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the invention, and many
of the attendant advantages thereof, will be readily apparent
as the same becomes better understood by reference to the
following detailed description when considered in conjunc-
tion with the accompanying drawings in which like reference
symbols indicate the same or similar components, wherein:

FIG. 1is a cross-sectional view of an organic light emitting
diode (OLED) display device according to a first exemplary
embodiment of the present invention;

FIG. 2 is a cross-sectional view of an OLED display device
according to a second exemplary embodiment of the present
invention;

FIGS. 3 and 4 are graphs showing a change in transmit-
tance according to a thickness of ytterbium (Yb) and silver
(Ag) according to experimental examples; and

FIG. 5 is a graph showing a change in transmittance
according to a thickness of magnesium-silver (MgAg)
according to comparative examples.

DETAILED DESCRIPTION OF THE INVENTION

The present invention will now be described more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiments of the invention are shown. In
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the drawings, the thicknesses of layers and regions are exag-
gerated for clarity. The same reference numerals are used to
denote the same elements.

FIG. 1 is a cross-sectional view of a top-emitting organic
light emitting diode (OLED) display device according to a
first exemplary embodiment of the present invention.

Referring to FIG. 1, a first electrode 110 is formed on a
substrate 100. The substrate 100 may include at least one thin
film transistor (not shown) in contact with the first electrode
110.

The first electrode 110 may be a reflective anode electrode.
In this case, the reflective anode electrode includes a reflec-
tive layer formed of'silver (Ag), aluminum (Al), chrome (Cr),
molybdenum (Mo), tungsten (W), titanium (T1), gold (Au),
palladium (Pd) or an alloy thereof, and a transparent electrode
material such as Indium Tin Oxide (ITO), Indium Zinc Oxide
(IZO) or Zinc Oxide (ZnO) which is stacked on the reflective
layer. The formation of the first electrode 110 may be per-
formed by a sputtering method, a vapor phase deposition
method, an ion beam deposition method, an electron beam
deposition method or a laser ablation method.

Anorganic layer 120 including an emission layer is formed
on the first electrode 110. The emission layer may be a white
light emission layer or a blue light emission layer, and the
white light emission layer may be a single layer or a multi-
layer.

When the white light emission layer is a single layer, the
single layer may be formed of plural light emitting materials
to emit white light. For example, the single layer may be
obtained by mixing a red light emitting material, a green light
emitting, and a blue light emitting material. The red light
emitting material may be formed of one of polythiophene
(PT) and a derivative thereof which are polymers. The green
light emitting material is formed of a small molecular mate-
rial such as 8-hydroquinoline aluminum (Alqs), bis(benzo-
quinolinolato)beryllium complex (BeBq,) or tris(4-methyl-
8-quinolinolato)aluminum (Almq), or a polymer such as poly
(p-phenylenevinylene)(PPV) 11 or a derivative thereof. The
blue light emitting material is formed of a small molecular
material such as bis[2-(2-hydroxyphenyl)benzoxazolate]zinc
(ZnPBO), bis(8-hydroxyquinolato)-(4-phenylphenolato)alu-
minum  (Balq), 4,4'-bis(2,2-diphenyl-vinyl)-biphenyl
(DPVBIi) or OXA-D, or a polymer such as polyphenylene
(PPP) or a derivative thereof.

When the white light emission layer is a multilayer, it may
be formed of double layers emitting light of different wave-
length regions. One of the double layers may be an emission
layer emitting light of an orange-red region and the other may
be an emission layer emitting light of a blue region. The
emission layer emitting light of an orange-red region may be
a phosphorescent emission layer, and the emission layer emit-
ting light of a blue region may be a fluorescent emission layer.
The phosphorescent emission layer has much better emission
characteristics than the fluorescent layer emitting light of the
same wavelength region, and the fluorescent emission layer
has much better life span characteristics than the phosphores-
cent emission layer. Therefore, when a white light emission
layer is formed by stacking the phosphorescent emission
layer emitting light of an orange-red region and the fluores-
cent emission layer emitting light of a blue light region, its
emission efficiency and life span characteristics may be
excellent. Also, the emission layer that is a double-layer may
be formed of a polymer, a small molecular material or a
combination thereof.
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When the white light emission layer has a three-layer struc-
ture, it may be a layer, in which red, green, and blue light
emission layers are stacked, and the stacking sequence is not
particularly defined.

The red light emission layer may be formed of a small
molecular material 11 such as Alg; (a host)/DCJTB (4-(di-
cyanomethylene)-2-1-propyl-6-(1,1,7,7-tetramethylju-
lolidyl-9-phenyl)-4H-pyran; a fluorescent dopant), Alq, (a
host)/DCM  (4-dicyanomethylene-2-methyl-6-(p-dimethy-
lamino-styryl)-4H-pyran; a fluorescent dopant) or CBP (4,4'-
N,N'-dicarbazole-biphenyl; a host)/PtOEP (2,3,7,8,12,13,17,
18-octaethyl-21H,23H-phorpine platinum(IT); a
phosphorescent organic metal complex), or a polymer such as
a polyfluorene (PFO)-based polymer or a poly(phenylene
vinylene) (PPV)-based polymer.

The green light emission layer may be formed of a small
molecular material such as Alqs;, Alg; (a host)/C545t (a
dopant) or CBP (a host)/IrPPY (tris(2-phenylpyridine)-iri-
dium; a phosphorescent organic material complex), or a poly-
mer such as a PFO-based polymer or a PPV-based polymer.

The blue light emission layer may be formed of a small
molecular material such as 4,4'-bis(2,2-diphenyl-vinyl)-bi-
phenyl (DPVBI), spiro-DPVBI, spiro-6P, distyrylbenzene
(DSB) or distyrylarylene (DSA), or a polymer such as a
PFO-based polymer or a PPV-based polymer.

Also, the organic layer 120 may further include at least one
layer selected from the group consisting of a hole injection
layer (HIL), a hole transport layer (HTL), an electron block-
ing layer (EBL), a hole blocking layer (HBL), an electron
injection layer (EIL), and an electron transport layer (ETL).

The HIL serves to facilitate injection of a hole into an
organic emission layer to thereby increase the life span of a
device. The HIL may be formed of an aryl amine compound
and/or a starburst-type amine. More specifically, the HIL. may
be formed of at least one of 4,4' 4" -tris[ (3-methylphenyl(phe-
nyl)amino)|triphenylamine (m-MTDATA), 1,3,5-tris[4-(3-
methylphenylphenylamino)phenyl]benzene (m-MTDATB),
phthalocyanine copper (CuPc), etc.

The HTL may be formed of an arylene diamine derivative,
a starburst-type compound, a biphenyl diamine derivative
having a spiro radical, a ladder-type compound, or so forth.
More specifically, the HTL may be formed of N,N-diphenyl-
N,N'-bis(3-methylphenyl)-1,1'-biphenyl-4,4'-diamine (TPD)
or 4,4'-bis[N-(1-naphthyl)-N-phenylamino]biphenyl
(a-NPB);

The EBL acts to prevent an exciton generated in the emis-
sion layer in the process of driving an OLED display device
from being diffused. The EBL may be formed of bis(8-hy-
droxyquinolato)-(4-phenylphenolato)aluminum (Balq), 2,9-
dimethyl-4,7-diphenyl-1,10-phenanthroline (BCP), CF-X,
3-phenyl-4-(1'-naphthyl)-5-phenyl-1,2,4-triazole (TAZ) or
spiro-TAZ.

The HBL serves to prevent a hole from moving into the EIL
when hole mobility is larger than electron mobility in the
organic emission layer. The HBL may be formed of one
selected from the group consisting of 2-(4-biphenyl)-5-(4-
butylphenyl)-1,3,4-oxadiazole (PBD), spiro-PBD, and 3-(4-
biphenyl)-4-phenyl-5-(4-tert-butyl ~ phenyl)-1,2,4-triazole
(TAZ).

The ETL is formed of a metal compound capable of readily
receiving an electron, and may be formed of 8-hydroquino-
line aluminum (Alg;) having excellent characteristics
capable of safely transporting the electron supplied from a
cathode electrode.

The EIL may be formed of at least one selected from the
group consisting of 1,3,4-oxadiazole derivatives, 1,2,4-triaz-
ole derivatives and LiF.
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In addition, the organic layer 120 may be formed by one of
a vacuum deposition method, an ink jet printing method, and
a laser induced thermal imaging method.

A second electrode 130 including stacked layers of Yb and
Ag 130qa and 1305 is formed on the organic layer 120. The
second electrode 130 is formed by respectively depositing Yb
and Ag using a sputtering method or a vacuum deposition
method. Here, the second electrode 130 may be formed to a
thickness of 90 A to 120 A. When the thickness of the second
electrode is larger than 90 A, the electrode may effectively
operate as an upper electrode since it has a sheet resistance of
45 ohm/square or lower, and when the thickness ofthe second
electrode is smaller than 120 A, a transmittance of 40% or
more may be attained over the entire emission wavelength
range of the emission layer. More specifically, Yb may be
formed to a thickness of 20 A to 30 A, and Ag may be formed
to a thickness of 70 A to 90 A. When the thickness of Yb
ranges from 20 A to 30 A or when the thickness of Ag is 70 A
or larger, a sheet resistance of 45 ohm/square or lower may be
obtained, so that the second electrode may effectively operate
as an upper electrode. Also, when the thickness of Ag is 90 A
or smaller, a transmittance of 40% or higher may be obtained
over the emission wavelength range of the emission layer, i.e.,
within a range of 380 nm to 765 nm.

The second electrode 130 including the stacked layer of Yb
and Ag has an excellent transmittance over the entire emis-
sion wavelength range, so that much higher emission effi-
ciency may be attained compared to the conventional second
electrode formed of a semi-transmissive metal layer. Further-
more, microcavity effects generated when the second elec-
trode is formed of a semi-transmissive metal layer may be
efficiently removed, so that it may prevent emitted light from
leaning to a certain wavelength range. Therefore, in the
OLED display device including the white light emission layer
implemented by mixing light of different wavelengths, when
the second electrode is formed of stacked layers of Yband Ag,
light of each corresponding wavelength may uniformly pass
through the second electrode to thereby implement the pure
white light. Moreover, since the electrode has a sheet resis-
tance lower than that suitable for an electrode to be used ata
predetermined thickness, it effectively acts as an upper elec-
trode in a top-emitting type.

A transparent passivation layer may be disposed on the
second electrode 130. The transparent passivation layer may
be formed of an inorganic layer, an organic layer or a combi-
nation thereof. The inorganic layer may be formed of 1TO,
170, Si0,, SiNx,Y,0; or Al,O;, and the organic layer may be
formed of parylene or HDPE. The transparent passivation
layer may serve to prevent the lower organic layers from
being deteriorated by external moisture or oxygen.

When the emission layer is a white light emission layer or
a blue light emission layer, a color filter layer or color con-
version layers 140R, 140G, and 140B may be disposed on the
transparent passivation layer. The color filter layer may
include a pigment and a polymer binder, and may be classified
into red, green, and blue light filter layers depending on the
type of the pigment. Each color filter layer is characterized in
that it can select wavelengths of a red light region, a green
light region, and a blue light region from white incident light
from emitted the emission layer. The color conversion layer
may include a fluorescent material and a polymer binder. The
fluorescent material is excited by the light incident from the
emission layer and transitions to a ground state to thereby
emit light with wavelengths longer than the incident light.
The color conversion layer is classified into red, green and
blue color conversion layers converting the blue light incident
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from the emission layer to red, green and blue colors, respec-
tively, depending on the type of the fluorescent material.

FIG. 2 is a cross-sectional view of a top-emitting OLED
display device according to a second exemplary embodiment
of the present invention.

In the top-emitting OLED display device according to a
second embodiment of the present invention, red, green and
blue emission layers are respectively formed in red (R), green
(G), and blue (B) unit pixel regions. Unless otherwise indi-
cated in the second embodiment, a reference will be made to
the disclosure of the first embodiment.

Referring to FIG. 2, a substrate 200 having red (R), green
(G), and blue (B) unit pixel regions is provided. First elec-
trodes 210R, 210G and 210B are disposed in each unit pixel
region of the substrate. The substrate 200 may have thin film
transistors (not shown), each of which is in contact with the
first electrodes 210R, 210G and 210B. An insulating layer
220 defining a pixel region is disposed between the first
electrodes.

Organic layers 230R, 230G and 230B respectively includ-
ing red, green and blue emission layers are disposed on each
first electrode in each pixel region. The emission layer may be
formed by a vacuum deposition method using a fine metal
mask, an ink jet printing method, or a laser induced thermal
imaging method.

The organic layer may further include at least one layer
selected from the group consisting of a hole injection layer
(HIL), a hole transport layer (HTL), an electron blocking
layer (EBL), a hole blocking layer (HBL), an electron injec-
tion layer (EIL), and an electron transport layer (ETL).

A second electrode layer 240 including stacked layers
240a and 2405 of Yb and Ag is formed on the organic layer.

Since the second electrode layer 240 including the stacked
layer of Yb and Ag has an excellent transmittance over the
entire emission wavelength range, external emission effi-
ciency of light generated from each emission layer of the red,
green and blue pixel regions is increased to thereby have a
much higher emission efficiency than the conventional sec-
ond electrode formed of a semi-transmissive metal layer.
Also, since the electrode has a sheet resistance of an appro-
priate value suitable for an electrode to be used at a predeter-
mined thickness, it is suitable for an upper electrode in a
top-emitting structure.

Experimental examples will be provided below in order to
help understand the present invention. However, the follow-
ing examples are only intended to help understand, but not to
restrict the present invention.

Experimental Example 1

A first electrode having an area of 2 mmx2 mm was formed
on a substrate using ITO, and was subjected to ultrasonic
cleaning and pretreatment process (a UV-O; process, and a
heat treatment process). A hole injection layer was formed by
vacuum depositing IDE406 (available from Idemitsu Co.
Ltd.) to a thickness of 750 A on the first electrode. A hole
transport layer was formed by vacuum depositing IDE320
(available from Idemitsu Co. Ltd.) to a thickness of 150 A on
the hole injection layer. A blue light emission layer was
formed by doping 5 wt % BDO052 (available from Idemitsu
Co. Litd.) into BH215 (available from Idemitsu Co. Ltd.) and
vacuum depositing the resultant to a thickness of 80 A on the
hole transport layer. A green light emission layer was formed
by doping 7 wt % Ir(PPy); into TMMO04 (available from
Merck & Co.) and vacuum depositing the resultant to a thick-
ness of 100 A on the blue light emission layer. A red light
emission layer was formed by doping 15 wt % TER021
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(available from Merck & Co.) into TMMO004 (available from
Merck & Co.) and vacuum depositing the resultant to a thick-
ness of 120 A on the green light emission layer. As a result, a
white light emission layer, in which the green, blue, and red
emission layers were stacked, respectively, was formed. A
hole block layer, an electron transport layer, and an electron
injection layer were sequentially formed by vacuum deposit-
ing Balq to a thickness of 50 A, vacuum depositing Alg; to a
thickness of 300 A, and vacuum depositing LiQ to a thickness
of 5 A on the red light emission layer. A second electrode
including stacked layers of Yb and Ag was formed by vacuum
depositing Yb to a thickness of 10 A and vacuum depositing
Ag to a thickness of 70 A on the electron injection layer.

A transmittance of the OLED display device and a sheet
resistance of the second electrode were measured.

Experimental Example 2

A substrate, a first electrode, and an emission layer were
formed by the same method as Experimental Example 1, and
a second electrode including stacked layers of Yb and Ag was
formed by vacuum depositing Yb to a thickness of 20 A and
vacuum depositing Ag to a thickness of 70 A.

A transmittance of the OLED display device and a sheet
resistance of the second electrode were measured.

Experimental Example 3

A substrate, a first electrode, and an emission layer were
formed by the same method as Experimental Example 1, and
a second electrode including stacked layers of Yb and Ag was
formed by vacuum depositing Yb to a thickness of 30 A and
vacuum depositing Ag to a thickness of 70 A.

A transmittance of the OLED display device and a sheet
resistance of the second electrode were measured.

Experimental Example 4

A substrate, a first electrode, and an emission layer were
formed by the same method as Experimental Example 1, and
a second electrode including stacked layers of Yb and Ag was
formed by vacuum depositing Yb to a thickness of 40 A and
vacuum depositing Ag to a thickness of 70 A.

A transmittance of the OLED display device and a sheet
resistance of the second electrode were measured.

Experimental Example 5

A substrate, a first electrode, and an emission layer were
formed by the same method as Experimental Example 1, and
a second electrode including stacked layers of Yb and Ag was
formed by vacuum depositing Yb to a thickness of 20 A and
vacuum depositing Ag to a thickness of 50 A.

A transmittance of the OLED display device and a sheet
resistance of the second electrode were measured.

Experimental Example 6

A substrate, a first electrode, and an emission layer were
formed by the same method as Experimental Example 1, and
a second electrode including stacked layers of Yb and Ag was
formed by vacuum depositing Yb to a thickness of 20 A and
vacuum depositing Ag to a thickness of 60 A.

A transmittance of the OLED display device and a sheet
resistance of the second electrode were measured.

Experimental Example 7

A substrate, a first electrode, and an emission layer were
formed by the same method as Experimental Example 1, and
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a second electrode including stacked layers of Yb and Ag was
formed by vacuum depositing Yb to a thickness of 20 A and
vacuum depositing Ag to a thickness of 80 A.

A transmittance of the OLED display device and a sheet
resistance of the second electrode were measured.

Experimental Example 8

A substrate, a first electrode, and an emission layer were
formed by the same method as Experimental Example 1, and
a second electrode including stacked layers of Yb and Ag was
formed by vacuum depositing Yb to a thickness of 20 A and
vacuum depositing Ag to a thickness of 90 A.

A transmittance of the OLED display device and a sheet
resistance of the second electrode were measured.

Comparative Example 1

A substrate, a first electrode, and an emission layer were
formed by the same method as Experimental Example 1, and
a second electrode was formed to a thickness of 120 A by
mixing Mg and Ag at an atomic ratio of 10:1.

A transmittance of the OLED display device and a sheet
resistance of the 11 second electrode were measured.

Comparative Example 2

A substrate, a first electrode, and an emission layer were
formed by the same method as Experimental Example 1, and
a second electrode was formed to a thickness of 140 A by
mixing Mg and Ag at an atomic ratio of 10:1.

A transmittance of the OLED display device and a sheet
resistance of the second electrode were measured.

Comparative Example 3

A substrate, a first electrode, and an emission layer were
formed by the same method as Experimental Example 1, and
a second electrode was formed to a thickness of 160 A by
mixing Mg and Ag at an atomic ratio of 10:1.

A transmittance of the OLED display device and a sheet
resistance of the second electrode are measured.

Comparative Example 4

A substrate, a first electrode, and an emission layer were
formed by the same method as Experimental Example 1, and
a second electrode was formed to a thickness of 180 A by
mixing Mg and Ag at an atomic ratio of 10:1.

A transmittance of the OLED display device and a sheet
resistance of the second electrode were measured.

Comparative Example 5

A substrate, a first electrode, and an emission layer were
formed by the same method as Experimental Example 1, and
a second electrode was formed to a thickness of 200 A by
mixing Mg and Ag at an atomic ratio of 10:1.

A transmittance of the OLED display device and a sheet
resistance of the second electrode were measured.

A sheet resistance of an upper electrode of an OLED dis-
play device measured according to Experimental Examples 1
to 8 and Comparative Examples 1 to 5 is shown in Table 1.

Referring to Table 1, sheet resistances of Experimental
Examples 2, 3, 7 and 8 are 45 ohm/square or less, but sheet
resistances of Experimental Examples 1, 4, 5 and 6 exceed 45
ohm/square. Generally, a sheet resistance of an upper elec-
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trode of an OLED display device may be 45 ohm/square or
less. In view of the operability of the electrode, it is not
preferable that a sheet resistance exceeds the value. There-
fore, Yb may be formed to a thickness of 20 A to 30 A, and Ag
may be formed to a thickness of 70 A to 90 A.

10

lower sheet resistance than the second electrode according to
Comparative Example 1 by 15.5 ohm/square.

Also, in the OLED display device according to Experimen-
tal Examples 1 to 8, the second electrode has a high transmit-
tance over the entire emission wavelength range to thereby

TABLE 1
Thickness (A) Sheet Resistance (ohm/square) Average
Experimental 10/70 444 44 47 46.1 47.5 45.80
Example 1
2 20/70 41.9 40.9 41.3 40.7 40.7 41.10
3 30/70 41.2 41.2 43.3 42.1 42.2 42.00
4 40/70 46.7 46.4 46.4 45.9 454 46.16
5 20/50 over range
6 20/60 1127 1281 1255 1423 969 1211
7 20/80 36.48 34.89 36.26 36.11 36.11 35.97
8 20/90 242 23.58 23.9 239 23.87 23.89
Comparative 120 A 38.67 38.31 38.74 40.51 39.62 39.33
Example 1
2 140 A 30.24 30.19 30.16 31.18 31.54 30.92
3 160 A 25.22 25.03 25.31 26.14  25.66 25.54
4 180 A 19.86  20.25 19.89 2004 203 20.06
5 200 A 17.85 17.62  18.55 18.36  18.28 18.14

FIGS. 3 to 5 are graphs showing a transmittance of an
OLED display device according to Experimental Examples 1
to 8 and Comparative Examples 1 to 5.

Referring to FIG. 3, atransmittance of 50% to 80% over the
entire emission wavelength range is represented in Experi-
mental Example 1, and a transmittance of 60% to 80% is
represented in Experimental Example 2. Also, a transmit-
tance of 57% to 87% is represented in Experimental Example
3,and a transmittance of 62% to 90% is represented in Experi-
mental Example 4.

Referring to FIG. 4, atransmittance of 52% to 81% over the
entire emission wavelength range is represented in Experi-
mental Example 5, a transmittance of 46% to 76% is repre-
sented in Experimental Example 6, and a transmittance of
50% to 75% is represented in Experimental Example 7. In
addition, a transmittance of 46% to 78% is represented in
Experimental Example 8.

Referring to FIG. 5, atransmittance of 25% to 61% over the
entire emission wavelength range is represented in Compara-
tive Example 1, a transmittance of 18% to 50% is represented
in Comparative Example 2, and a transmittance of 15% to
45% is represented in Comparative Example 3. Also, a trans-
mittance of 10% to 35% is represented in Comparative
Example 4, and a transmittance of 9% to 33% is represented
in Comparative Example 5.

As aresult, the OLED display device including the second
electrode formed of the stacked layer of Yb and Ag according
to Experimental Examples 1 to 8 has a higher transmittance
over the entire emission wavelength range of the emission
layer than the OLED display device including the second
electrode formed of MgAg according to Comparative
Examples 1 to 5. In particular, in the case of the OLED display
device according to Experimental Examples 2, 3, 7 and 8,
since the OLED display device has a sheet resistance of 45
ohm/square or less and a higher transmittance than the OLED
according to Comparative Examples 1 to 5 according to a
conventional art, it may be preferable as a second electrode.

Comparing Experimental Example 8 with Comparative
Example 1, while the second electrode according to Experi-
mental Example 8 formed to a thickness of 110 A is thinner
than the second electrode according to Comparative Example
1 formed to a thickness of 120 A, it has a 20% higher trans-
mittance over the entire emission wavelength range and a

minimize microcavity effects. Therefore, when an emission
layer is formed by mixing two or more colors of light having
different wavelengths to thereby emit white light, an emission
wavelength corresponding to each color of light does not
incline to a certain wavelength due to removal of the micro-
cavity effects, and may pass with a high transmittance, so that
it may implement the white light.

Consequently, in a top-emitting OLED display device
according to the embodiment of the present invention, an
upper electrode is formed of stacked layers of Yb and Ag to
thereby improve a transmittance over the entire emission
wavelength range, and as a result, emission efficiency is also
improved. In addition, microcavity effects are minimized,
and in particular, when white light is implemented by mixing
light of different wavelengths, balanced colors of light may be
implemented due to the removal of the microcavity effects, so
that it may be optimized to implement the white light.

Although the present invention has been described with
reference to certain exemplary embodiments thereof, it will
be understood by those skilled in the art that a variety of
modifications and variations may be made to the present
invention without departing from the spirit or scope of the
present invention defined in the appended claims, and their
equivalents.
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What is claimed is:
1. An organic light emitting diode (OLED) display device,
comprising:
a substrate;
a first electrode arranged on the substrate;
an organic layer comprising an emission layer, the organic
layer arranged on the first electrode; and
a second electrode comprising an ytterbium (Yb) only
layer arranged on the organic layer and a silver (Ag) only
layer arranged on the ytterbium layer, the Yb only layer
having a thickness 0f20 A to 30 A, and the Ag only layer
having a thickness of 70 A to 90 A, wherein the second
electrode has a sheet resistance of 45 ohm/square or less.
2. The device of claim 1, wherein the second electrode has
a transmittance of 46% to 90% within a wavelength range of
65 380 nm to 765 nm.
3. The device of claim 1, wherein the emission layer is a
white light emission layer.
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4. The device of claim 3, the white light emission layer has
a structure, in which a plurality of emission layers emitting
light of different wavelength regions are stacked.

5. The device of claim 3, further comprising at least one of
a color filter layer and a color conversion layer formed on the
second electrode.

6. The device of claim 1, wherein the emission layer is a
blue light emission layer.

7. The device of claim 6, further comprising a color con-
version layer formed on the second electrode.

8. The device of claim 1, wherein the emission layer com-
prises red, green, and blue light emission layers respectively
formed in red, green, and blue pixel regions.

9. The device of claim 1, wherein the first electrode com-
prises a reflective layer and a transparent electrode material
arranged on the reflective layer.

10. The device of claim 9, wherein the reflective layer is
comprised of a material selected from a group consisting of
silver (Ag), aluminum (Al), chrome (Cr), molybdenum (Mo),
tungsten (W), titanium (T1), gold (Au), palladium (Pd) and an
alloy thereof.

11. A top-emitting organic light emitting diode (OLED)
display device, comprising:

a substrate;

afirst electrode arranged on the substrate, the first electrode

comprising a reflective layer and a transparent electrode
material arranged on the reflective layer;

an organic layer comprising an emission layer, the organic

layer being arranged on the first electrode; and

a second electrode comprising an ytterbium (Yb) only

layer arranged on the organic layer and a silver (Ag) only
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layer arranged on the ytterbium only layer, the Yb only
layer having a thickness 0f 20 A to 30 A, and the Ag only
layer having a thickness of 70 A to 90 A, wherein the
second electrode has a sheet resistance of 45 ohm/square
or less.

12. The device of claim 11, wherein the second electrode
has a transmittance of 46% to 90% within a wavelength range
of 380 nm to 765 nm.

13. The device of claim 11, wherein the emission layer is a
white light emission layer.

14. A method of manufacturing an OLED display device,
comprising:

providing a substrate;

forming a first electrode on the substrate;

forming an organic layer comprising an emission layer on

the first electrode; and

forming a second electrode comprising an ytterbium (Yb)

only layer on the organic layer and a silver (Ag) only
layer on the ytterbium layer, wherein the Yb only layer
has athickness of 20 A to 30 A, and the Ag only layer has
athickness of 70 A to 90 A, wherein the second electrode
has a sheet resistance of 45 ohm/square or less.

15. The method of claim 14, wherein the second electrode
is produced by a process selected from a group consisting of
a sputtering process and a vacuum deposition process.

16. The method of 14, wherein the first electrode is formed
by forming a reflective layer on the substrate and stacking a
transparent electrode material on the reflective layer.

17. The method of claim 14, the wherein the emission layer
is a white light emission layer.
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