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METAL WIRING STRUCTURE, ORGANIC 
LIGHT-EMITTING DISPLAY DEVICE USING 

THE SAME, AND METHOD OF 
MANUFACTURING THE ORGANIC 
LIGHT-EMITTING DISPLAY DEVICE 

CLAIM OF PRIORITY 

0001. This application makes reference to, incorporates 
the same herein, and claims all benefits accruing under 35 
U.S.C. S 119 from an application earlier filed in the Korean 
Intellectual Property Office on the 28' of March 2011 and 
there duly assigned Serial No. 10-2011-0027703. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to a metal wiring struc 

ture, an organic light-emitting display device using the same, 
and a method of manufacturing the organic light-emitting 
display device. More particularly, the present invention 
relates to a metal wiring structure configured to prevent oxi 
dation of a metal electrode, an organic light-emitting display 
device using the metal wiring structure, and a method of 
manufacturing the organic light-emitting display device. 
0004 2. Description of the Related Art 
0005. The rapid development of the information technol 
ogy (IT) industry is dramatically increasing the use of display 
devices. Recently, there have been demands for display 
devices which are lightweight and thin, consume low power 
and provide high resolution. To meet these demands, liquid 
crystal displays or organic light-emitting displays having a 
plurality of metal wirings and a plurality of light-emitting 
elements are being developed. 
0006 Metal wirings are included in various devices such 
as semiconductor devices, display devices and portable 
devices. When the metal wirings are damaged by oxidation 
and corrosion, the performance of these devices may deterio 
rate. 

0007 For example, an organic light-emitting display 
includes a cathode electrode as a metal wiring. The cathode 
electrode needs to be thin in order to improve light transmit 
tance. However, a thin cathode electrode may increase a resis 
tance value, leading to a reduction or non-uniformity in lumi 
aCC. 

0008 To improve luminance, a metal with low absorp 
tance and high reflectivity (for example, Ag) may be used for 
the cathode electrode. However, Ag is easily oxidized by 
highly reactive oxygen or vapor, resulting in defective pixels. 

SUMMARY OF THE INVENTION 

0009. The present invention provides a metal wiring struc 
ture configured to prevent oxidation of a metal wiring. 
0010. The present invention also provides an organic 
light-emitting display device in which a cathode electrode can 
have both high light transmittance and low resistance value. 
0011. The present invention also provides an organic 
light-emitting display device in which oxidation of a cathode 
electrode is prevented so as to Suppress generation of defec 
tive pixels. 
0012 However, aspects of the present invention are not 
restricted to the ones set forth herein. The above and other 
aspects of the present invention will become more apparent to 
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one of ordinary skill in the art to which the present invention 
pertains by referencing the detailed description of the present 
invention given below. 
0013. According to an aspect of the present invention, an 
organic light-emitting display device comprises a Substrate, 
an anode electrode formed on the Substrate, an organic layer 
formed on the anode electrode, a cathode electrode formed on 
the organic layer, and an organic capping layer formed on the 
cathode electrode and containing a capping organic material 
and a rare-earth material which has higher oxidizing power 
than the material that forms the cathode electrode. 
0014. According to another aspect of the present inven 
tion, a metal wiring structure comprises a Substrate, a metal 
wiring formed on the Substrate and containing Ag, and a 
capping layer formed on the metal wiring and containing an 
organic material and a rare-earth material which has higher 
oxidizing power than the material that forms the metal wiring. 
0015. According to another aspect of the present inven 
tion, a method of manufacturing an organic light-emitting 
display device comprises providing a lower Substrate, form 
ing an anode electrode on the lower Substrate, forming an 
organic layer on the anode electrode, forming a cathode elec 
trode on the organic layer, and forming on the cathode elec 
trode an organic capping layer which contains a capping 
organic material and a rare-earth material having higher oxi 
dizing power than the material which forms the cathode elec 
trode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016. 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 con 
junction with the accompanying drawings, in which like ref 
erence symbols indicate the same or similar components, 
wherein: 
0017 FIG. 1 is a cross-sectional view of a metal wiring 
structure according to an exemplary embodiment of the 
present invention; 
0018 FIG. 2 is a cross-sectional view of the metal wiring 
structure of FIG. 1 in which a capping layer has a rare-earth 
material added therein; 
0019 FIGS. 3A and 3B are cross-sectional views of an 
organic light-emitting display device according to an exem 
plary embodiment of the present invention, wherein FIG. 3B 
is an enlarged cross-sectional view of a region. A shown in 
FIG. 3A: 
0020 FIG. 4 is a cross-sectional view of the organic light 
emitting display device of FIG. 3B in which a cathode elec 
trode has a rare-earth material added therein; 
0021 FIG. 5 is a flowchart illustrating a method of manu 
facturing an organic light-emitting display device according 
to an exemplary embodiment of the present invention; 
0022 FIGS. 6A thru 6F are cross-sectional views sequen 

tially illustrating the process of forming an organic layer in 
the manufacturing method of FIG. 5; and 
0023 FIG. 7 is a cross-sectional view illustrating the pro 
cess of forming an organic capping layer in the manufacturing 
method of FIG. 5. 

DETAILED DESCRIPTION OF THE INVENTION 

0024. The present invention will now be described more 
fully hereinafter with reference to the accompanying draw 
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ings, in which preferred embodiments of the invention are 
shown. This invention may, however, be embodied in differ 
ent forms and should not be construed as limited to the 
embodiments set forth herein. Rather, these embodiments are 
provided so that this disclosure will be thorough and com 
plete, and willfully convey the scope of the invention to those 
skilled in the art. The same reference numbers indicate the 
same components throughout the specification. In the 
attached figures, the thickness of layers and regions is exag 
gerated for clarity. 
0025. It will also be understood that, when a layer is 
referred to as being “on” another layer or substrate, it can be 
directly on the other layer or Substrate, or intervening layers 
may also be present. In contrast, when an element is referred 
to as being “directly on another element, there are no inter 
vening elements present. 
0026 Spatially relative terms, such as “beneath.” “below.” 
“lower,” “above.” “upper” and the like, may be used hereinfor 
ease of description to describe the relationship of one element 
or feature relationship to another element(s) or feature(s) as 
illustrated in the figures. It will be understood that the spa 
tially relative terms are intended to encompass different ori 
entations of the device in use or operation in addition to the 
orientation depicted in the figures. For example, if the device 
in the figures is turned over, elements described as “below' or 
“beneath other elements or features would then be oriented 
“above' the other elements or features. Thus, the exemplary 
term “below can encompass both an orientation of above and 
below. The device may be otherwise oriented (rotated 90 
degrees or at other orientations) and the spatially relative 
descriptors used herein interpreted accordingly. 
0027. A metal wiring structure according to an exemplary 
embodiment of the present invention will be described with 
reference to FIGS. 1 and 2. 
0028 FIG. 1 is a cross-sectional view of a metal wiring 
structure according to an exemplary embodiment of the 
present invention, and FIG. 2 is a cross-sectional view of the 
metal wiring structure of FIG. 1 in which a capping layer has 
a rare-earth material added therein. 
0029 Referring to FIG. 1, the metal wiring structure 
according to the current exemplary embodiment includes a 
metal wiring 22 and a capping layer 23 which is formed on the 
metal wiring 22 of a material having higher oxidizing power 
than the material which forms the metal wiring 22. 
0030 The metal wiring 22 may be formed on a substrate 
21. The Substrate 21 may be made of a transparent glass 
material containing SiO, as a main component. The Substrate 
21 may also be made of a transparent plastic material. The 
transparent plastic material which forms the Substrate 21 may 
be an organic material selected from the group consisting of 
polyethersulphone (PES), polyacrylate (PAR), polyetherim 
ide (PEI), polyethylene napthalate (PEN), and polyethylene 
terephthalate (PET). 
0031. The metal wiring 22 may be formed on one surface 
or both surfaces of the substrate 21. The metal wiring 22 may 
not necessarily be formed directly on the substrate 21. 
Another layer may be interposed between the substrate 21 
and the metal wiring 22, or the substrate 21 itself may be 
omitted. 
0032. The metal wiring structure may form a circuit which 
performs different functions according to devices to which 
the metal wiring structure is applied. For example, when the 
metal wiring 22 is used in a liquid crystal display (LCD), a 
driving Voltage and/or a common Voltage may be applied to 
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determine a direction in which liquid crystals are driven. 
When the metal wiring 22 is used in an organic light-emitting 
display, it may form an electric field in an organic layer, 
thereby causing the organic layer to emit light. The functions 
of the metal wiring 22 are not limited to the above functions 
and may vary according to devices to which the metal wiring 
structure according to the current exemplary embodiment are 
applied. 
0033. The metal wiring 22 may be made of metal with high 
conductivity and/or high light transmittance. For example, 
the metal wiring 22 may be made of Ag. 
0034. The capping layer 23 is formed on the metal wiring 
22. The capping layer 23 may contain a material having 
higher oxidizing power than the material which forms the 
metal wiring 22. In particular, if Ag is contained in the metal 
wiring 22, it may be oxidized by reacting with oxygen or 
moisture in the air, and the oxidized Ag may reduce light 
transmittance of the metal wiring 22. However, the capping 
layer 23 formed on the metal wiring 22 protects the metal 
wiring 22 from oxidation. To protect the metal wiring 22 more 
thoroughly, the capping layer 23 may cover not only a top 
surface of the metal wiring 22 but also side surfaces of the 
metal wiring 22 which would be exposed otherwise. 
0035. In some embodiments, the capping layer 23 may 
contain a transparent material which transmits light. 
0036. In FIG. 2, two or more materials are contained in the 
capping layer 23 to reinforce an oxidation preventing func 
tion of the capping layer 23. Referring to FIG. 2, the capping 
layer 23 may contain an organic material and a rare-earth 
material 24 bonded to the organic material or dispersed in the 
capping layer 23. The rare-earth material 24 may have higher 
oxidizing power than the material which forms the metal 
wiring 22. 
0037 Applicable examples of the rare-earth material 24 
may include Se, Y. La, Ce, Pr, Nd, Pm, Sm, En, Gd, Tb, Dy, 
Ho, Er, Tm, Yb, and Lu. In some embodiments, if the metal 
wiring 22 contains Ag, the capping layer 23 may contain Yb. 
0038. In some embodiments, the top surface of the cap 
ping layer 23 may be exposed. That is, no layer may be 
stacked on the capping layer 23. Accordingly, the top surface 
of the capping layer 23 may be directly exposed to air, gas, or 
a WaCl. 

0039. When the top surface of the capping layer 23 is 
exposed, it may be exposed to oxygen or moisture in the air. 
The oxygen or the moisture penetrates into the capping layer 
23 and reacts with a material with high oxidizing power, e.g., 
the rare-earth material 24 of the capping layer 23. This sup 
presses the reaction of the oxygen or the moisture with Ag of 
the metal wiring 22 under the capping layer 23, thus prevent 
ing oxidation of the metal wiring 22. 
0040. As described above, the metal wiring structure 
according to the current exemplary embodiment can be 
applied in various devices, such as semiconductor devices 
and display devices. An organic light-emitting display device 
using the metal wiring structure according to the current 
exemplary embodiment will hereinafter be described. This, 
however, is not intended to limit the use of the metal wiring 
Structure. 

0041. Hereinafter, an organic light-emitting display 
device according to an exemplary embodiment of the present 
invention will be described with reference to FIGS. 3A and 
3B. 

0042 FIGS. 3A and 3B are cross-sectional views of an 
organic light-emitting display device according to an exem 
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plary embodiment of the present invention, wherein FIG. 3B 
is an enlarged cross-sectional view of a region. A shown in 
FIG 3A 

0043 Referring to FIG.3B, the organic light-emitting dis 
play device according to the current exemplary embodiment 
includes a substrate 11, an anode electrode 13 formed on the 
Substrate 11, an organic layer 14 formed on the anode elec 
trode 13, a cathode electrode 15 formed on the organic layer 
14, and an organic capping layer 18 formed on the cathode 
electrode 15. 

0044) The substrate 11 may be made of a transparent glass 
material containing SiO, as a main component. The Substrate 
11 may also be made of a transparent plastic material. The 
plastic material which forms the substrate 11 may be an 
insulating organic material. Examples of the insulating 
organic material may include PES, PAR, PEI, PEN, PET, 
polyphenylene sulfide (PPS), polyallylate, polyimide, poly 
carbonate (PC), cellulose triacetate (TAC), cellulose acetate 
propionate (CAP), and a combination of the same. 
0.045. In a bottom emission organic light-emitting display 
device in which an image is realized toward the substrate 11, 
the substrate 11 should be made of a transparent material. 
However, in a top emission organic light-emitting display 
device in which an image is realized away from the Substrate 
11, the substrate 11 may not necessarily be made of a trans 
parent material. In this case, the Substrate 11 may be made of 
opaque metal. When the substrate 11 is made of metal, it may 
contain one or more materials selected from the group con 
sisting of Fe, Cr, Mn, Ni, Ti, Mo, and stainless steel (SUS). 
However, the material which forms the substrate 11 is not 
limited to the above materials. The substrate 11 may also be 
made of metal foil. 

0046. As shown in FIG. 3A, a buffer layer 102, an active 
layer 104, a gate insulating film 106, a gate electrode 108, an 
interlayer insulating film 110, source/drain electrodes 112, 
and a pixel defined layer 114 may be formed on the substrate 
11. The above components may be provided on the whole 
surface of the substrate 11 or on part of the surface of the 
substrate 11 to form a thin-film transistor or a capacitor. 
0047. The buffer layer 102 may beformed on the substrate 
11 so as to planarize the substrate 11 and prevent penetration 
of impurities into the substrate 11. The buffer layer 102 may 
be a single layer of SiOX, SiNx or SiO, Nx, or a multilayer of 
these materials. 

0048. The active layer 104 may be formed on the buffer 
layer 102. The active layer 104 may be a semiconductor layer. 
For example, the active layer 104 may contain silicon (Si). 
Specifically, the active layer 104 may be an amorphous sili 
con (a-Si) layer or a polycrystalline silicon (p-Si) layer. Oth 
erwise, the active layer 104 may be made of, but is not limited 
to, Ge, GaP. GaAs, or AlAs. 
0049. The active layer 104 may be formed by doping a 
portion of a semiconductor layer with P- or N-type impurities. 
In some embodiments, the active layer 104 which constitutes 
a thin-film transistor may be partially doped with impurities 
So as to have semiconductor properties, and the active layer 
104 which constitutes a capacitor may be entirely doped with 
impurities so as to form an electrode. 
0050. The gate insulating film 106 may be formed on the 
active layer 104 so as to cover the active layer 104 and insulate 
the active layer 104 from the gate electrode 108. Like the 
buffer layer 102, the gate insulating film 106 may be a single 
layer of SiO, SiNX or SiO.Nx, or a multilayer of these 
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materials. The gate insulating film 106 may be made of the 
same or different material as the buffer layer 102. 
0051. The gate electrode 108 may be formed on the gate 
insulating film 106. The gate electrode 108 transmits a gate 
signal to control the light emission of each pixel. The gate 
electrode 108 may be a single layer of Al or an Al alloy, such 
as Cr Al, Mo—Al or Al Nd, or a multilayer of a Cror Mo 
alloy and an Al alloy stacked on the Cr or Mo alloy. In 
addition, the gate electrode 108 may contain one or more of 
ITO, Mo and A1. 
0.052 The interlayer insulating film 110 may beformed on 
the gate electrode 108. The interlayer insulating film 110 
electrically insulates the gate electrode 108 from the source/ 
drain electrodes 112. Like the buffer layer 102, the interlayer 
insulating film 110 may be a single layer of SiO, SiNx or 
SiO.Nx, or a multilayer of these materials. Contact holes for 
forming the source/drain electrodes 112 may beformed in the 
interlayer insulating film 110. 
0053. The source/drain electrodes 112 may be formed on 
the interlayer insulating film 110 and electrically connected 
to the active layer 104 by the contact holes. The source/drain 
electrodes 112 may be made of any one material selected 
from Mo, Cr, W. MoW. Al, Al Nd, Ti, TiN, Cu, a Mo alloy, 
an Al alloy, and a Cu alloy. The source/drain electrodes 112 
may also be formed as a triple layer of Mo—Al-Mo. 
0054 The pixel defined layer 114 may be formed on the 
source/drain electrodes 112. The pixel defined layer 114 is 
formed on the whole surface of the substrate 11 so as to cover 
the thin-film transistor and the capacitor. The pixel defined 
layer 114 may expose all or part of the anode electrode 13 so 
as to define a pixel portion. The pixel defined layer 114 may 
be made of an inorganic material. Such as SiO, SiNX or 
SiO.Nx, or may be a multilayer of these materials. 
0055 Referring to FIG. 3B, in a top emission organic 
light-emitting display device in which the organic layer 14 
emits light toward the top (front side) of the display device 
through the organic capping layer 18, a reflective film 12 may 
further be formed between the substrate 11 and the anode 
electrode 13. 
0056. The reflective film 12 may reflect light, which is 
emitted from an emitting layer 14c toward the bottom (back 
side) of the display device, in a direction toward the top (front 
side) of the display device, thereby improving light efficiency. 
0057 The reflective film 12 brings about an optical reso 
nance effect between itself and the cathode electrode 15 so as 
to enable more light to proceed toward the cathode electrode 
15. 
0058. The reflective film 12 may be made of any material, 
preferably, a material with high light reflectivity, such as 
metal. The thickness of the reflective film 12 may also be 
adjusted to ensure sufficient light reflection. The reflective 
film 12 may be made of Al, Ag, Cror Mo, and may be formed 
to a thickness of approximately 1,000 A. 
0059. The anode electrode 13 may be formed on the 
reflective film 12. In a bottom emission organic light-emitting 
display device, the anode electrode 13 may be a transparent 
conductive material such as indium tin oxide (ITO) or indium 
Zinc oxide (IZO). In a top emission organic light-emitting 
display device, the anode electrode 13 may not necessarily be 
made of a transparent conductive material. 
0060. In the organic light-emitting display device accord 
ing to the current exemplary embodiment, the anode elec 
trode 13 may be made of a metal oxide with a high work 
function, Such as Al-O or ZnO. 
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0061 The organic layer 14 is formed on the anode elec 
trode 13. The organic layer 14 may include a hole injecting 
layer 14a, a hole transporting layer 14b, an emitting layer 14c. 
an electron transporting layer 14d. and an electron injecting 
layer 14e stacked sequentially. 
0062 Holes injected from the hole injecting layer 14a and 
electrons injected from the electron injecting layer 14e com 
bine together in the emitting layer 14c so as to generate light. 
In the case of a top emission organic light-emitting display 
device, the generated light is emitted upward in FIG.3B so as 
to exit through the cathode electrode 15 and the organic 
capping layer 18. 
0063. The organic layer 14 may further include an auxil 
iary hole transporting layer which helps holes to easily reach 
the emitting layer 14c. 
0064. The hole injecting layer 14a may be made of the 
same material as the hole transporting layer 14b. To increase 
the efficiency of the hole injecting layer 14a, the hole inject 
ing layer 14a may be partly doped with p-type impurities. 
0065. The cathode electrode 15 generates an electric field 
together with the anode electrode 13 thereunder, thereby 
causing the emitting layer 14c to emit light. In the organic 
light-emitting display device according to the current exem 
plary embodiment, the cathode electrode 15 may be made of 
a light-transmitting material, specifically, a metal with a low 
work function. The cathode electrode 15 may be formed thin 
So as to become semi-transmissive and reflective. Examples 
of the metal with a low work function include Mg, Ag, Al, Au 
and Cr. 
0066. In particular, Ag exhibits high light transmittance 
and high light reflectivity characteristics. Thus, the cathode 
electrode 15 made of Ag has high light efficiency. Since a 
metal Such as Ag is highly reactive, it is easily oxidized by 
oxygen or moisture particles in the air. 
0067. Therefore, the organic capping layer 18 may contain 
a capping organic material 16 and a rare-earth material 17 
which has higher oxidizing power than the material which 
forms the cathode electrode 15. 
0068 Examples of the rare-earth material 17 may include 
Se.Y. La, Ce, Pr, Nd, Pm, Sm, En, Gd, Tb, Dy, Ho, Er, Tm, Yb, 
and Lu. Yb may be contained in the organic capping layer 18. 
0069. As shown in FIG. 3B, the organic capping layer 18 
may have light transmitting characteristics. There are no 
restrictions on the capping organic material 16, and any mate 
rial which can transmit light can be used. 
0070 The rare-earth material 17, when over-deposited in 
the organic capping layer 18, may reduce the overall lumi 
nance by absorbing light. The reduced luminance may dete 
riorate optical characteristics of the organic capping layer 18. 
To secure sufficient luminance, the rare-earth material 17 may 
be added at 15 wt % or less of the organic capping layer 18. 
0071. In addition, a refractive index of the organic capping 
layer 18 made of a mixture of the capping organic material 16 
and the rare-earth material 17 may be maintained at 1.5 or 
higher, so that the organic capping layer 18 shows certain 
optical characteristics. 
0072. As described above, the organic capping layer 18 
contains the rare-earth material 17 with high oxidizing power. 
Thus, when the top Surface of the organic capping layer 18 is 
exposed to oxygen or moisture in the air, the oxygen or the 
moisture penetrates into the organic capping layer 18 and 
reacts with the rare-earth material 17. Accordingly, the reac 
tion of the oxygen or the moisture with the cathode electrode 
15 under the organic capping layer 18 is Suppressed. Since the 

Oct. 4, 2012 

oxidation of the cathode electrode 15 is prevented, the gen 
eration of defective pixels due to the oxidation of the cathode 
electrode 15 can be prevented. 
0073. In some other embodiments of the present inven 
tion, the rare-earth material 17 may be contained not only in 
the organic capping layer 18 but also in the cathode electrode 
15, as shown in FIG. 4. 
0074 FIG. 4 is a cross-sectional view of an organic light 
emitting display device according to another exemplary 
embodiment of the present invention. 
(0075 Referring to FIG. 4, a cathode electrode 15 may 
contain a rare-earth material 17 in addition to a conductive 
material Such as Ag. Applicable examples of the rare-earth 
material 17 may include Se, Y. La, Ce, Pr, Nd, Pm, Sm, En, 
Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu. In some embodiments, 
the cathode electrode 15 may contain Ag, and Yb may be 
provided as the rare-earth material. 
(0076. The rare-earth material 17 may be doped or diffused 
into the cathode electrode 15 in the process of forming the 
organic capping layer 18. When moisture or oxygen in the air 
partially passes through the organic capping layer 18 and 
reaches the cathode electrode 15, the rare-earth material 17 
contained in the cathode electrode 15 reacts with the moisture 
or the oxygen before Ag. Thus, the oxidation of Agcan further 
be prevented. 
0077. Hereinafter, a method of manufacturing an organic 
light-emitting display device according to an exemplary 
embodiment of the present invention will be described. 
0078 FIG. 5 is a flowchart illustrating a method of manu 
facturing an organic light-emitting display device according 
to an exemplary embodiment of the present invention. 
007.9 The method of manufacturing an organic light-emit 
ting display device according to the current exemplary 
embodiment includes providing a substrate (operation S11), 
forming an anode electrode on the Substrate (operation S12), 
forming an organic layer on the anode electrode (operation 
S13), forming a cathode electrode on the organic layer (op 
eration S14), and forming an organic capping layer on the 
cathode electrode (operation S15). The organic capping layer 
contains a capping organic material and a rare-earth material 
having higher oxidizing power than the material which forms 
the cathode electrode. 

0080. Further referring to FIG. 5, a substrate is provided 
(operation S11). As described above, the substrate may be 
made of a transparent glass material or a plastic material. In a 
top emission organic light-emitting display device, the Sub 
strate may not necessarily be made of a transparent material. 
When the substrate is made of metal, it may contain one or 
more materials selected from the group consisting of Fe, Cr, 
Mn, Ni, Ti, Mo, and SUS. 
I0081. The substrate may be divided into a thin-film tran 
sistor region, a capacitor region and a pixel region. 
I0082 An anode electrode is formed on the substrate (op 
eration S12). The anode electrode may be controlled by a 
thin-film transistor, and may be made of a metal oxide with a 
high work function such as Al-O or ZnO. 
I0083) Next, an organic layer is formed on the anode elec 
trode (operation S13). The forming of the organic layer may 
include forming a hole injecting layer, a hole transporting 
layer, an emitting layer, an electron transporting layer and an 
electron injecting layer. A method of forming the organic 
layer will now be described in greater detail with reference to 
FIGS. 6A thru 6F. 
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0084 FIGS. 6A thru 6F are cross-sectional views sequen 
tially illustrating the process of forming an organic layer in 
the manufacturing method of FIG. 5. More specifically, 
FIGS. 6A thru 6F are cross-sectional views illustrating a 
method of forming an organic layer of an organic light-emit 
ting display device according to an exemplary embodiment of 
the present invention. 
0085. Referring to FIG. 6A, a hole injecting layer 14a is 
formed on the anode electrode. The material which forms the 
hole injecting layer 14a may be selected from, but is not 
limited to, a triphenylene-based material, a perylene-based 
material, a pyrene-based material, a tetracene-based material, 
and an anthracene-based material. Specifically, the hole 
injecting layer 14a may contain one or more materials 
selected from the group consisting of copper phthalocyanine, 
1,3,5-tricarbazolylbenzene, 4,4'-biscarbazolylbiphenyl, 
polyvinylcarbazole, m-biscarbazolylphenyl, 4,4'-biscarba 
Zolyl-2,2'-dimethylbiphenyl, 4,4',4'-triCN-carbazolyl)triph 
enylamine (TCTA), 4,4',4'-tris(3-methylphenylamino)triph 
enylamine (m-MTDATA), 1,3,5-triC2-carbazolylphenyl) 
benzene, 1,3,5-tris(2-carbazolyl-5-methoxyphenyl)benzene, 
bis(4-carbazolylphenyl)silane, N,N'-bis(3-methylphenyl)-N, 
N'-diphenyl-1,1-biphenyl-4,4'diamine (TPD), N,N'-di 
(naphthalene-1-yl)-N,N'-diphenylbenzidine (C-NPD), N,N'- 
diphenyl-N,N'-bis(1-naphthyl)-(1,1'-biphenyl)-4,4'-diamine 
(NPB), poly(9,9-dioctylfluorene-co-N-(4-butylphenyl) 
diphenylamine) (TFB), and poly(9,9-dioctylfluorene-co-bis 
N,N-phenyl-1,4-phenylenediamine (PFB). 
I0086) Referring to FIG. 6B, the hole injecting layer 14a is 
doped with p-type impurities. Examples of the p-type impu 
rities doped into the hole injecting layer 14a include an 
organic compound, such as F4-TCNQ or TCNQ, and an inor 
ganic oxidizing agent such as iodine, FeCl3, FeF3, SbCl5. 
metal chloride, or metal fluoride. 
0087. Referring to FIG. 6C, a hole transporting layer 14b 

is formed on the hole injecting layer 14a doped with the 
p-type impurities. The hole transporting layer 14b may be 
made of the same material as the hole injecting layer 14a. 
Unlike the hole injecting layer 14a, the hole transporting 
layer 14b may be undoped with impurities. 
0088. The hole transporting layer material 14b may con 
tain one or more materials selected from a triphenylene-based 
material, a perylene-based material, a pyrene-based material, 
an NPD-based material, a TPD-based material and a photo 
conductive polymer. 
I0089 Referring to FIGS. 6C and 6D, another hole inject 
ing layer 14a may be formed again on the hole injecting layer 
14a and the hole transporting layer 14b. That is, the hole 
injecting layer 14a and the hole transporting layer 14b may be 
repeatedly and alternately stacked to form a plurality of lay 
ers. This process shown in FIG. 6D is optional. 
0090 Referring to FIG. 6E, an emitting layer 14c is 
formed on the hole injecting layers 14a and the hole trans 
porting layers 14b. 
0091 Referring to FIG. 6F, an electron transporting layer 
14d and an electron injecting layer 14e are stacked. In the 
current exemplary embodiment, the electron transporting 
layer 14d and the electron injecting layer 14e are stacked 
together. However, the present invention is not limited 
thereto, and the electron injecting layer 14e can be omitted. 
0092. The electron transporting layer 14d may contain one 
or more materials selected from an organic material. Such as 
Alq, BeBd2, Zn, PBD. TAZ. Liq, Mgq or Znq, and an 
inorganic material containing a halide compound, such as 
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LiF, NaF. KF, RbF, CsP, FrF, MgFor CaF, and an oxide such 
as LiO, NaO, KO, CSO, LiBO, LiNbO, Al-O or BOs. 
(0093. Referring back to FIG. 5, a cathode electrode is 
formed on the organic layer (operation S14). The cathode 
electrode may contain Ag. The cathode electrode may further 
contain Yb to prevent oxidation of Agas described above. 
0094. An organic capping layer is formed on the cathode 
electrode (operation S15). The organic capping layer may 
contain a capping organic material and a rare-earth material. 
A method of forming the organic capping layer will now be 
described in greater detail with reference to FIG. 7. 
0.095 FIG. 7 is a cross-sectional view illustrating the pro 
cess of forming an organic capping layer in the manufacturing 
method of FIG. 5. More specifically, FIG. 7 is a cross-sec 
tional view illustrating a method of forming an organic cap 
ping layer of an organic light-emitting display device accord 
ing to an exemplary embodiment of the present invention. 
0096 Referring to FIG. 7, an organic capping layer 18 
may be formed by simultaneously depositing a capping 
organic material 16 and a rare-earth material 17. For example, 
particles of the capping organic material 16 and particles of 
the rare-earth material 17 from different sources D1 and D2, 
respectively, may be deposited simultaneously to form the 
organic capping layer 18. 
0097 Exemplary embodiments of the present invention 
provide at least one of the following advantages. 
0098. A metal wiring has high transmittance and conduc 

tivity but is easily oxidized by air. However, a metal wiring 
structure which can prevent oxidation of the metal wiring can 
be provided. 
0099] To prevent the oxidation of a cathode electrode, a 
material with high oxidizing power is added in the cathode 
electrode or in a capping layer on the cathode electrode. 
Accordingly, the oxidation of the cathode electrode can be 
prevented. Furthermore, the cathode electrode can have both 
highlight transmittance and low resistance value. 
0100 Since the oxidation of the cathode electrode is pre 
vented, generation of defective pixels can be Suppressed. 
0101 However, the effects of the present invention are not 
restricted to the ones set forth herein. The above and other 
effects of the present invention will become more apparent to 
one of ordinary skill in the art to which the present invention 
pertains by referencing the above disclosure and the claims. 
0102. In concluding the detailed description, those skilled 
in the art will appreciate that many variations and modifica 
tions can be made to the preferred embodiments without 
Substantially departing from the principles of the present 
invention. Therefore, the disclosed preferred embodiments of 
the invention are used in a generic and descriptive sense only, 
and not for purposes of limitation. 

What is claimed is: 
1. An organic light-emitting display device, comprising: 
a Substrate; 
an anode electrode formed on the substrate; 
an organic layer formed on the anode electrode: 
a cathode electrode formed on the organic layer, and 
an organic capping layer formed on the cathode electrode 

and containing a capping organic material and a rare 
earth material which has higher oxidizing power than a 
material which forms the cathode electrode. 

2. The display device of claim 1, wherein the rare-earth 
material is Yb. 
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3. The display device of claim 1, wherein the rare-earth 
material is added at no greater than 15 wt % of the organic 
capping layer. 

4. The display device of claim 1, wherein the organic layer 
comprises a hole injecting layer, a hole transporting layer, an 
emitting layer, an electron transporting layer, and an electron 
injecting layer, wherein the hole injecting layer is made of a 
same material as the hole transporting layer and is doped with 
p-type impurities. 

5. The display device of claim 4, wherein the hole injecting 
layer and the hole transporting layer are repeatedly and alter 
nately stacked to form a plurality of layers. 

6. The display device of claim 1, wherein the cathode 
electrode contains Ag and Yb. 

7. The display device of claim 1, wherein the organic 
capping layer has a refractive index of not less than 1.5. 

8. The display device of claim 1, wherein the organic layer 
is a top emission organic layer which emits light to a top of the 
organic light-emitting display device through the organic 
capping layer. 

9. A metal wiring structure, comprising: 
a Substrate; 
a metal wiring formed on the Substrate and containing Ag: 

and 
a capping layer formed on the metal wiring and containing 

an organic material and a rare-earth material which has 
higher oxidizing power than a material which forms the 
metal wiring. 

10. The metal wiring structure of claim 9, wherein the 
rare-earth material is Yb. 

11. The metal wiring structure of claim 9, wherein a top 
Surface of the capping layer is exposed. 

12. A method of manufacturing an organic light-emitting 
display device, the method comprising the steps of: 

providing a lower Substrate; 
forming an anode electrode on the lower Substrate; 
forming an organic layer on the anode electrode: 
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forming a cathode electrode on the organic layer; and 
forming an organic capping layer on the cathode electrode, 

the organic capping layer containing a capping organic 
material and a rare-earth material having higher oxidiz 
ing power than a material which forms the cathode elec 
trode. 

13. The method of claim 12, wherein the rare-earth mate 
rial is Yb. 

14. The method of claim 12, wherein the step of forming 
the organic capping layer comprises depositing the capping 
organic material and the rare-earth material simultaneously. 

15. The method of claim 12, wherein the step of forming 
the organic capping layer comprises despositing the rare 
earth material at not greater than 15 wt % of the organic 
capping layer. 

16. The method of claim 12, wherein the step of forming 
the organic layer comprises forming a hole injecting layer, a 
hole transporting layer, an emitting layer, an electron trans 
porting layer, and an electron injecting layer, wherein the hole 
injecting layer is made of a same material as the hole trans 
porting layer and is doped with p-type impurities. 

17. The method of claim 16, wherein the step of forming 
the organic layer further comprises repeatedly and alternately 
stacking the hole injecting layer and the hole transporting 
layer so as to form a plurality of layers. 

18. The method of claim 12, wherein the step of forming 
the organic layer comprises: 

depositing a hole transporting layer material; and 
doping a portion of the hole transporting layer material 

with p-type impurities. 
19. The method of claim 18, wherein the step of forming 

the organic layer further comprises depositing the hole trans 
porting layer material again on the portion of the hole trans 
porting layer material doped with the p-type impurities. 

20. The method of claim 12, wherein the cathode electrode 
contains Ag and Yb. 


