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(7) ABSTRACT

An organic light-emitting diode display includes a substrate
in which an emission area and a non-emission area are
defined; a thin film transistor disposed in the non-emission
area on the substrate; passivation layer disposed on the thin
film transistor; a first storage capacitor electrode and a second
storage capacitor electrode superposed thereon, having the
passivation layer interposed therebetween, in the emission
area; an overcoat layer disposed on the second storage capaci-
tor electrode; and an anode disposed on the overcoat layer,
coming into contact with one side of the second storage
capacitor electrode through an overcoat layer contact hole
penetrating the overcoat layer and, coming into contact with
part of the thin film transistor through a passivation layer
contact hole disposed in the overcoat layer contact hole and
penetrating the passivation layer.
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ORGANIC LIGHT-EMITTING DIODE
DISPLAY HAVING HIGH APERTURE RATIO
AND METHOD FOR MANUFACTURING THE
SAME

[0001] This application claims the benefit of Korean Patent
Application No. 10-2014-0156625 filed on Nov. 12, 2014,
which is hereby incorporated herein by reference for all pur-
poses as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a display device,
and more particularly to an organic light-emitting diode dis-
play and a method for manufacturing the same.

[0004] 2. Discussion of the Related Art

[0005] Recently, a variety of flat panel displays having
reduced weight and volume, compared to cathode ray tubes,
has been developed. Such flat panel displays include liquid
crystal displays, field emission displays (FEDs), plasma dis-
play panels (PDPs), electroluminescent devices (ELs) and the
like.

[0006] ELs are classified into an inorganic EL and an
organic light-emitting diode display and are self-emissive
devices having the advantages of high response speed, lumi-
nous efficacy and luminance and a wide viewing angle.
[0007] FIG. 1 illustrates a structure of an organic light-
emitting diode. As show in FIG. 1, the organic light-emitting
diode includes an organic electroluminescent compound
layer, a cathode and an anode opposite to each other having
the organic electroluminescent compound layer interposed
therebetween. The organic electroluminescent compound
layer includes a hole injection layer (HIL), a hole transport
layer (HTL), an emission layer (EML), an electron transport
layer (ETL) and an electron injection layer (EIL).

[0008] The organic light-emitting diode emits light accord-
ing to energy from excitons generated through a process in
which holes and electrons injected into the anode and the
cathode are recombined in the EML. An organic light-emit-
ting diode display displays images by electrically controlling
the quantity of light generated in the EML of the organic
light-emitting diode as shown in FIG. 1.

[0009] Organic light-emitting diode displays (OLEDDs)
using the characteristics of the organic light-emitting diode
which is an electroluminescent device are classified into a
passive matrix type organic light-emitting diode display
(PMOLED) and an active matrix type organic light-emitting
diode display (AMOLED).

[0010] The AMOLED displays images by controlling cur-
rent flowing through organic light-emitting diodes using a
thin film transistor (referred to as TFT hereinafter).

[0011] FIG. 2is an equivalent circuit diagram illustrating a
structure of one pixel of an organic light-emitting diode dis-
play, FIG. 3 is a plan view of the structure of one pixel of the
organic light-emitting diode display and FIG. 4 is a cross-
sectional view illustrating the structure of the related art
organic light-emitting diode display, taken along line I-I' of
FIG. 3.

[0012] Referring to FIGS. 2 and 3, an AMOLED includes a
switching TFT (TFT) ST, a driving TFT DT connected to the
switching TFT ST and an organic light-emitting diode OLED
in contact with the driving TFT DT.

[0013] The switching TFT ST is formed at an intersection
of a scan line SL and a data line DL and serves to select a
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pixel. The switching TFT ST includes a gate electrode SG, a
semiconductor layer SA, a source electrode SS and a drain
electrode SD. The driving TFT DT drives an organic light-
emitting diode OLED of a pixel selected by the switching
TFT ST. The driving TFT DT includes a gate electrode DG
connected to the drain electrode SD of the switching TFT ST,
a semiconductor layer DA, a source electrode DS connected
to a driving current line VDD and a drain electrode DD. The
drain electrode DD of the driving TFT DT is connected to an
anode ANO of the organic light-emitting diode OLED.
[0014] More specifically, referring to FIG. 4, the gate elec-
trodes SG and DG of the switching TFT ST and the driving
TFT DT are formed on a substrate SUB of the AMOLED. A
gate insulating layer GI is formed on the gate electrodes SG
and DG. The semiconductor layers SA and DA are formed on
portions of the gate insulating layer GI, which correspond to
the gate electrodes SG and DG. The source electrode SS and
the drain electrode SD are formed on the semiconductor layer
SA, opposite to each other having a predetermined gap pro-
vided therebetween. The source electrode DS and the drain
electrode DD are formed on the semiconductor layer DA,
opposite to each other having a predetermined gap provided
therebetween. The drain electrode SD of the switching TFT
ST is connected to the gate electrode DG of the driving TFT
DT via a contact hole formed in the gate insulating layer GI.
A passivation layer PAS is formed on the overall surface of
the substrate so as to cover the switching TFT ST and the
driving TFT DT having the aforementioned structure.
[0015] When the semiconductor layers SA and DA are
formed of an oxide semiconductor material, high resolution
and fast driving can be achieved in a large TFT substrate
having large charging capacity due to high mobility. How-
ever, it is desirable that the oxide semiconductor material
layers further include etch stoppers SE and DE for protecting
the surface thereof from etchant in order to ensure device
stability. Specifically, the etch stoppers SE and DE are formed
so as to prevent the semiconductor layers SA and DA from
being back-etched due to an etchant contacting the exposed
surfaces of the semiconductor layers SA and DA, which
correspond to the gaps between the source electrodes SS and
DS and the drain electrodes SD and DD.

[0016] A color filter CF is formed in a region corresponding
to the anode ANO which will be formed later. The color filter
CF is preferably formed to occupy a wide area if possible. For
example, the color filter CF is formed such that the color filter
CF is superposed on a wide area including the data line DL,
driving current line VDD and scan line SL. The substrate on
which the color filter CF has been formed has an uneven
surface and many stepped portions since a lot of components
have been formed thereon. Accordingly, an overcoat layer OC
is formed on the overall surface of the substrate in order to
planarize the surface of the substrate.

[0017] Subsequently. the anode ANOP of the OLED is
formed on the overcoat layer OC. Here, the anode ANO is
connected to the drain electrode DD of the driving TFT DT
via a contact hole formed in the overcoat layer OC and the
passivation layer PAS.

[0018] A bank pattern BN for defining a pixel region is
formed on the switching TFT ST, the driving TFT DT and the
interconnection lines DL, SL and VDD formed on the sub-
strate on which the anode ANO is formed.

[0019] The anode ANO exposed through the bank pattern
BN becomes an emission area. An organic emission layer
OLE and a cathode layer CAT are sequentially formed on the
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anode ANO exposed through the bank pattern BN. When the
organic emission layer OLE is formed of an organic material
emitting white light, the organic emission layer OLE
expresses a color assigned to each pixel according to the color
filter CF located under the organic emission layer OLE. The
organic light-emitting diode display having the structure as
shown in FIG. 4 is a bottom emission display which emits
light downward.

[0020] In such a bottom emission organic light-emitting
diode display, a storage capacitor STG is formed in a space in
which the anode ANO is superposed on the gate electrode DG
of the driving TFT DT. The organic light-emitting diode
display displays image information by driving organic light-
emitting diodes. Here, a considerably large amount of energy
is necessary to drive the organic light-emitting diodes.
Accordingly, a large-capacity storage capacitor is needed in
order to correctly display image information having rapidly
changing data values, such as video.

[0021] To secure a storage capacitor having sufficient
capacity, a storage capacitor electrode needs to have a suffi-
ciently large area. In the bottom emission organic light-emit-
ting diode display, a light emitting area, that is, an aperture
ratio, decreases as the storage capacitor area increases. In a
top emission organic light-emitting diode display, the storage
capacitor can be formed under the emission area and thus the
aperture ratio does not decrease even when a large-area stor-
age capacitor is designed. However, the area of the storage
capacitor is directly related to aperture ratio decrease in the
bottom emission organic light-emitting diode display.
[0022] To manufacture such an organic light-emitting
diode display, a photolithography process using a photo-
mask is performed multiple times. Each mask process
includes cleaning, exposure, development, etching and the
like. When the number of mask processes increases, time and
costs for manufacturing the organic light-emitting diode dis-
play and a defect generation rate increase, decreasing produc-
tion yield. Accordingly, it is necessary to reduce the number
of mask processes in order to decrease manufacturing costs
and improve production yield and production efficiency.

SUMMARY OF THE INVENTION

[0023] Accordingly, the present invention is directed to
aorganic light-emitting diode display and a method for manu-
facturing the same that substantially obviate one or more of
the problems due to limitations and disadvantages of the
related art.

[0024] An object of the present invention is to provide an
organic light-emitting diode display and a method for manu-
facturing the same for securing a storage capacitor having
sufficient capacity without decreasing an aperture ratio by
forming the storage capacitor in an emission area using a
transparent storage capacitor electrode.

[0025] Another object of the present invention is to provide
an organic light-emitting diode display and a method for
manufacturing the same for simplifying a manufacturing pro-
cess by reducing the number of mask processes.

[0026] Additional features and advantages of the invention
will be set forth in the description which follows, and in part
will be apparent from the description, or may be learned by
practice of the invention. The objectives and other advantages
of the invention will be realized and attained by the structure
particularly pointed out in the written description and claims
hereof as well as the appended drawings.
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[0027] To achieve these and other advantages and in accor-
dance with the purpose of the present invention, as embodied
and broadly described, an organic light-emitting diode dis-
play comprises a substrate in which an emission area and a
non-emission area are defined; a thin film transistor disposed
in the non-emission area on the substrate; passivation layer
disposed on the thin film transistor; a first storage capacitor
electrode and a second storage capacitor electrode supet-
posed thereon, having the passivation layer interposed ther-
ebetween, in the emission area; an overcoat layer disposed on
the second storage capacitor electrode; and an anode disposed
on the overcoat layer, coming into contact with one side of the
second storage capacitor electrode through an overcoat layer
contact hole penetrating the overcoat layer and, coming into
contact with part of the thin film transistor through a passiva-
tion layer contact hole disposed in the overcoat layer contact
hole and penetrating the passivation layer.

[0028] In another aspect, a method for manufacturing an
organic light-emitting diode display comprises defining an
emission area and a non-emission area on a substrate; form-
ing a thin film transistor in the non-emission area and forming
a first storage capacitor electrode in the emission area on the
substrate; forming a passivation layer on the overall surface of
the substrate on which the thin film transistor and the first
storage capacitor electrode are formed; forming a second
storage capacitor electrode in the emission area on the passi-
vation layer; coating an overcoat layer comprising a photo-
sensitive insulating material on the overall surface of the
substrate on which the first storage capacitor electrode is
formed; forming a passivation contact hole for exposing part
of the thin film transistor by patterning the overcoat layer and
the passivation layer and forming an overcoat layer contact
hole for exposing one side of the second storage capacitor
electrode and the passivation layer contact hole by asking the
overcoat layer; and forming an anode coming into contact
with part of the thin film transistor through the passivation
layer contact hole and, simultaneously, coming into contact
with one side of the second storage capacitor electrode
through the overcoat layer contact hole, on the overcoat layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention. In
the drawings:

[0030] FIG. 1illustrates a related art organic light-emitting
diode display:

[0031] FIG. 2 is an equivalent circuit diagram illustrating a
structure of one pixel of the related art organic light-emitting
diode display;

[0032] FIG. 3is aplan view illustrating the structure of one
pixel of the related art organic light-emitting diode display;
[0033] FIG. 4 is a cross-sectional view illustrating the
structure of one pixel of the related art organic light-emitting
diode display, taken along line I-I' of FIG. 3;

[0034] FIG. 5 is a plan view illustrating a structure of an
organic light-emitting diode display according to a first
example embodiment of the present invention;

[0035] FIG. 6 is a cross-sectional view illustrating the
structure of the organic light-emitting diode display accord-
ing to the first example embodiment of the present invention,
taken along line II-IT' of FIG. 5;
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[0036] FIGS.7A to 7] are cross-sectional views illustrating
a method for manufacturing the organic light-emitting diode
display according to the first example embodiment of the
present invention;

[0037] FIG. 8 is a plan view illustrating a structure of an
organic light-emitting diode display according to a second
example embodiment of the present invention;

[0038] FIG. 9 is a cross-sectional view illustrating the
structure of the organic light-emitting diode display accord-
ing to the second example embodiment of the present inven-
tion, taken along line II-II' of FIG. 8; and

[0039] FIGS.10A to 10] are cross-sectional views illustrat-
ing a method for manufacturing the organic light-emitting
diode display according to the second example embodiment
of the present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0040] Reference will now be made in detail to embodi-
ments of the invention, examples of which are illustrated in
the accompanying drawings. Wherever possible, the same
reference numbers will be used throughout the drawings to
refer to the same or like parts. It will be paid attention that
detailed description of known arts will be omitted if it is
determined that the arts can mislead the embodiments of the
invention.

First Embodiment

[0041] A description will be given of an organic light-
emitting diode display according to a first example embodi-
ment of the present invention with reference to FIGS. 5 and 6.
FIG. 5 is a plan view illustrating a structure of an organic
light-emitting diode display according to the first example
embodiment of the present invention and FIG. 6 is a cross-
sectional view illustrating the structure of the organic light-
emitting diode display according to the first example embodi-
ment of the present invention, taken along line II-IT of FIG. 5.
[0042] Referring to FIGS. 5 and 6, the organic light-emit-
ting diode display according to the first example embodiment
of the present invention includes a substrate SUB in which an
emission area AA and a non-emission area NA are defined, a
switching TFT ST, adriving TFT DT connected to the switch-
ing TFT ST, a second storage capacitor electrode SG2 in
contact with the driving TFT DT, a storage capacitor STG
formed by a first storage capacitor electrode SG1 and the
second storage capacitor electrode SG2 superposed thereon,
and an organic light-emitting diode OLED connected to the
driving TFT DT through the second storage capacitor elec-
trode SG2. The storage capacitor STG and the organic light-
emitting diode OLED are formed in the emission area AA and
the TFTs ST and DT or interconnection lines SL, DL and
VDD are formed in the non-emission area NA.

[0043] Scan lines SL and data lines DL are formed on the
substrate SUB in a matrix form so as to define pixels. The
switching TFT ST is formed at an intersection of a scan line
SL and a data line DL and serves to select a pixel. The
switching TFT ST includes a switching gate electrode SG, a
channel layer SA, a switching source electrode SS and a
switching drain electrode SD. The switching gate electrode
SG is connected to the scan line SL and the switching source
electrode SS is branched from the data line DL.

[0044] The driving TFT DT includes a driving gate elec-
trode DG, a channel layer DA, a driving source electrode DS
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and a driving drain electrode DD. The driving gate electrode
DG is connected to the switching drain electrode SD and the
driving source electrode DS is branched from the driving
current line VDD.

[0045] A passivation layer IN2 is formed to cover the
source electrodes SS and DS and the drain electrodes SD and
DD ofthe TFTs ST and DT while exposing part of the driving
drain electrode DD. The second storage capacitor electrode
SG2 is formed on the passivation layer IN2 so as to come into
contact with part of the driving drain electrode DD. Here, the
second storage capacitor electrode SG2 is superposed on the
first storage capacitor electrode SG1, which is formed when
the source electrodes SS and DS and the drain electrodes SD
and DD of the TFTs ST and DT are formed, having the
passivation layer IN2 interposed therebetween so as to form
the storage capacitor STG.

[0046] Since the storage capacitor STG is formed in such a
manner that the second storage capacitor electrode SG2
formed of a transparent conductive material is superposed on
the first storage capacitor electrode SG1 formed of a trans-
parent conductive material, the storage capacitor STG can
have a large area without reducing the aperture ratio in the
emission area AA. Accordingly, the organic light-emitting
diode display according to the first example embodiment of
the present invention can secure the storage capacitor STG
having sufficient capacity.

[0047] Color filters CF may be formed on the second stor-
age capacitor electrode SG2 inthe emission area AA such that
the color filters CF respectively correspond to pixel regions.
Here, red, green and blue color filters CF may be sequentially
disposed and the color filters CF may further include a white
color filter CF. Red and/or green color filters CF may be
extended and formed on the portion in which the TFTs ST and
DT are formed in the pixel region so as to cover the TFTs ST
and DT.

[0048] An overcoat layer OC, which exposes part of the
second storage capacitor electrode SG2, is formed on the
overall surface of the substrate SUB on which the color filters
CF are formed. The overcoat layer OC is coated on the overall
surface of the substrate SUB in order to planarize the surface
ofthe substrate SUB on which the color filters CF are formed.
[0049] An anode ANO is formed on the overcoat layer OC
to come into contact with the second storage capacitor elec-
trode SG2. The anode ANO is electrically connected to the
drain electrode DD of the driving TFT through the second
storage capacitor electrode SG2.

[0050] A bank BN, which exposes part of the anode ANO,
is formed on the anode ANO. An organic emission layer OLE
is formed on part of the bank BN and the exposed portion of
the anode ANO, and a cathode CAT is formed on the organic
emission layer OLE so as to cover the organic emission layer
OLE. In this manner, an organic light-emitting diode OLED
including the anode ANO, the organic emission layer OLE
and the cathode CAT is completed.

[0051] A description will be given of a process of manu-
facturing the organic light-emitting diode display according
to the first example embodiment of the present invention with
reference to FIGS. 7A to 7]. Characteristics of the organic
light-emitting diode display according to the first example
embodiment of the present invention are described in more
detail through the manufacturing process. FIGS. 7A to 7] are
cross-sectional views illustrating a method for manufacturing
the organic light-emitting diode display according to the first
example embodiment of the present invention.
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[0052] Referring to FIG. 7A, an opaque light shielding
material is coated on the overall surface of the substrate SUB
and patterned through a first mask process to form a light
shielding layer LS. It is desirable to form the light shielding
layer LS such that semiconductor layers, particularly, channel
regions of the TFTs, which will be formed later. are disposed
on the light shielding layer LS. The light shielding layer LS
serves to protect oxide semiconductor elements from external
light. An insulating material is coated on the overall surface of
the substrate SUB on which the light shielding layer LS is
formed so as to form a buffer layer BF.

[0053] Referring to FIG. 7B, a semiconductor material is
coated on the overall surface of the substrate SUB on which
the buffer layer BF is formed. The semiconductor material
may include an oxide semiconductor material such as indium
gallium zinc oxide (IGZO). The semiconductor material layer
is patterned through a second mask process to form semicon-
ductor layers SE.

[0054] Referring to FIG. 7C, an insulating material and a
metal material are sequentially coated on the overall surface
of the substrate SUB on which the semiconductor layers SE
are formed and simultaneously patterned through a third
mask process to form a gate insulating layer GI and the gate
electrodes SG and DG superposed thereon. The gate elec-
trodes SG and DG are preferably formed such that the gate
electrodes SG and DG are disposed on the center regions of
the semiconductor layers SE while exposing both sides of the
semiconductor layers SE. The center regions of the semicon-
ductor layers SE are respectively defined as a channel layer
SA of the switching TFT and a channel layer DA of the
driving TFT. The exposed portions of the semiconductor lay-
ers SE become source regions SSA and DSA and drain
regions SDA and DDA respectively coming into contact with
the source electrodes and the drain electrodes of the switching
TFT and the driving TFT. When the semiconductor material is
an oxide semiconductor material, the source regions SSA and
DSA and the drain regions SDA and DDA may be conduc-
torized through a plasma treatment process.

[0055] Referring to FIG. 7D, an insulating material is
coated on the overall surface of the substrate SUB on which
the gate electrodes SG and DG are formed so as to form an
interlevel insulating layer IN1. The interlevel insulating layer
IN1 is patterned through a fourth mask process to form con-
tactholes SSH and DSH for exposing the source regions SSA
and DSA of the semiconductor layers and contact holes SDH
and DDH for exposing the drain electrodes SDA and DDA of
the semiconductor layers. Here, a gate contact hole GH for
exposing part of the gate electrode DG of the driving TFT is
simultaneously formed.

[0056] Referring to FIG. 7E, a transparent conductive
material and a metal material are sequentially coated on the
interlevel insulating layer IN1 in which the contact holes are
formed. The transparent conductive material may be indium
tin oxide, indium zinc oxide, indium tin zinc oxide or the like.
The transparent conductive material layer and the metal mate-
rial layer are patterned through a fifth mask process to form
the source electrode SS and the drain electrode SD of the
switching TFT ST and the source electrode DS and the drain
electrode DD of the driving TFT DT. The first storage capaci-
tor electrode SG1 is formed of the transparent conductive
material in the emission area AA. Here, the drain electrode
SD of the switching TFT is connected to the gate electrode
DG of the driving TFT.
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[0057] The fifth mask process is performed using a half-
tone mask. By using the half-tone mask, the source electrode
SS and the drain electrode SD of the switching TFT ST and
the source electrode DS and the drain electrode DD of the
driving TFT DT are formed of a double layer including the
transparent conductor layer ITO and the metal material ME,
and the first storage capacitor electrode SG1 is formed of a
single layer including only the transparent conductive layer
ITO. While the source electrodes SS and DS and the drain
electrodes SD and DD of the TFTs ST and DT may be formed
of a single layer including only the transparent conductive
material ITO, it is desirable that the source electrodes SS and
DS and the drain electrodes SD and DD be formed of'a double
layer including the laminated transparent conductive material
ITO and metal material ME, considering that the transparent
conductive material ITO has high sheet resistance.

[0058] Referring to FIG. 7F, aninsulating material is coated
onthe overall surface of the substrate SUB on which the TFTs
ST and DT are formed so as to form a passivation layer IN2.
The passivation layer IN2 is patterned through a sixth mask
process to form a storage capacitor contact hole SGH.
[0059] Referring to FIG. 7G, a transparent conductive
material is coated on the overall surface of the substrate SUB
on which the storage capacitor contact hole SGH is formed
and patterned through a seventh mask process to form the
second storage capacitor electrode SG2. It is desirable that the
second storage capacitor electrode SG2 be formed to be
superposed on the first storage capacitor electrode SG1. The
second storage capacitor electrode SG2 comes into contact
with the drain electrode DD of the driving TFT DT via the
storage capacitor contact hole SGH.

[0060] Here, the second storage capacitor electrode SG2 is
formed on the first storage capacitor electrode SG1 having the
passivation layer IN2 interposed therebetween in the emis-
sionarea AA so as to form the storage capacitor STG. Accord-
ingly, the first and second storage capacitor electrodes SG1
and SG2 can be formed in the entire emission area AA with-
out decreasing the aperture ratio of the organic light-emitting
diode display according to the first example embodiment of
the present invention since the first and second storage
capacitor electrodes SG1 and SG2 are formed of the trans-
parent conductive material. Therefore, the organic light-emit-
ting diode display according to the first example embodiment
of the present invention can secure the storage capacitor STG
having sufficient capacity since the storage capacitor having
a wide area can be formed.

[0061] Referring to FIG. 7TH, red, green and blue pigments
are coated on the overall surface of the substrate SUB on
which the second storage capacitor electrode SG2 is formed
and sequentially patterned through eighth, ninth and tenth
mask processes, respectively, to sequentially form red, green
and blue color filters CF. The red, green and blue color filters
CF are selectively formed in pixel regions expressing red,
green and blue. Here, the red and/or green color filters may be
extended and formedto cover the TFTs ST and DT in the pixel
regions.

[0062] Referring to FIG. 71, an insulating material is coated
on the overall surface of the substrate SUB on which the color
filters CF are formed so as to form an overcoat layer OC. The
overcoat layer OC is patterned through an eleventh mask
process to form a pixel contact hole PH.

[0063] Referring to FIG. 71, a transparent conductive mate-
rial is coated on the overall surface of the substrate SUB on
which the pixel contact hole PH is formed and patterned
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through a twelfth mask process to form the anode ANO. The
anode ANO comes into contact with the second storage
capacitor electrode SG2 via the pixel contact hole PH. In
addition, the anode ANO is electrically connected to the drain
electrode DD of the driving TFT through the second storage
capacitor electrode SG2.

[0064] The organic light-emitting diode display according
to the first example embodiment of the present invention can
secure the storage capacitor STG having sufficient capacity
since the first and second storage capacitor electrodes SG1
and SG2 can be formed to have a wide area in the emission
area AA without decreasing the aperture ratio. Consequently,
the organic light-emitting diode display can sustain pixel data
until the next period using charges of the storage capacitor
STG when the driving TFT DT is in an off state.

Second Embodiment

[0065] A description will be given of an organic light-
emitting diode display according to a second example
embodiment of the present invention with reference to FIGS.
8 and 9. FIG. 8 is a plan view illustrating a structure of an
organic light-emitting diode display according to the second
example embodiment of the present invention and FIG. 9 is a
cross-sectional view illustrating the structure of the organic
light-emitting diode display according to the second example
embodiment of the present invention, taken along line III-III'
of FIG. 8.

[0066] Referring to FIGS. 8 and 9, the organic light-emit-
ting diode display according to the second example embodi-
ment of the present invention includes a substrate SUB in
which an emission area AA and a non-emission area NA are
defined, a switching TFT ST, a driving TFT DT connected to
the switching TFT ST, a first storage capacitor electrode SG1
connected to the switching TFT ST, a storage capacitor STG
formed by the first storage capacitor electrode SG1 and a
second storage capacitor electrode SG2 superposed thereon,
an anode ANO connected to the driving TFT DT and the
second storage capacitor electrode SG2, and an organic light-
emitting diode OLED formed by sequentially laminating the
anode ANO, an organic emission layer OLE and a cathode
CAT. The storage capacitor STG and the organic light-emit-
ting diode OLED are formed in the emission area AA and the
TEFTs ST and DT or interconnection lines SL, DL and VDD
are formed in the non-emission area NA.

[0067] Scan lines SL and data lines DL are formed on the
substrate SUB in a matrix form so as to define pixels. The
switching TFT ST is formed at an intersection of a scan line
SL and a data line DL and serves to select a pixel. The
switching TFT ST includes a switching gate electrode SG, a
channel layer SA, a switching source electrode SS and a
switching drain electrode SD. The switching gate electrode
SG is branched from the scan line SL and the switching
source electrode SS is branched from the data line DL.
[0068] The driving TFT DT includes a driving gate elec-
trode DG, a channel layer DA, a driving source electrode DS
and a driving drain electrode DD. The driving gate electrode
DG is connected to the switching drain electrode SD and the
driving source electrode DS is branched from the driving
current line VDD.

[0069] A passivation layer IN2 is formed to cover the
source electrodes SS and DS and the drain electrodes SD and
DD of the TFTs ST and DT. The second storage capacitor
electrode SG2 is formed on the passivation layer IN2. Here,
the second storage capacitor electrode SG2 is superposed on
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the first storage capacitor electrode SG1, which is formed
when the source electrodes SS and DS and the drain elec-
trodes SD and DD of the TFTs ST and DT are formed, having
the passivation layer IN2 interposed therebetween so as to
form the storage capacitor STG. The first storage capacitor
electrode SG1 is connected to the drain electrode SD of the
switching TFT ST.

[0070] Since the storage capacitor STG is formed in such a
manner that the second storage capacitor electrode SG2
formed of a transparent conductive material is superposed on
the first storage capacitor electrode SG1 formed of a trans-
parent conductive material, the storage capacitor STG can be
formed to have a large area without reducing the aperture ratio
in the emission area AA. Accordingly, the organic light-emit-
ting diode display according to the second example embodi-
ment of the present invention can secure a storage capacitor
STG having sufficient capacity.

[0071] Color filters CF may be formed on the second stor-
age capacitor electrode SG2 inthe emission area AA such that
the color filters CF respectively correspond to pixel regions.
Here, red, green and blue color filters CF may be sequentially
arranged and the color filters CF may further include a white
color filter CF.

[0072] An overcoat layer OC, which exposes part of the
drain electrode DD of the driving TFT DT and one side of the
second storage capacitor electrode SG2, is formed on the
overall surface of the substrate SUB on which the color filters
CF are formed. One side of the second storage capacitor
electrode SG2 is exposed through an overcoat layer contact
hole OCH which penetrates the overcoat layer OC. Part of the
driving electrode DD of the driving TFT DT is exposed
through a passivation layer contact hole INH which pen-
etrates the overcoat layer OC and the passivation layer IN2.
The passivation layer contact hole INH is disposed in the
overcoat layer contact hole OCH. The overcoat layer OC is
coated on the overall surface of the substrate SUB in order to
planarize the surface of the substrate SUB on which the color
filters CF are formed.

[0073] An anode ANO is formed on the overcoat layer OC
to come into contact with the drain electrode DD of the
driving TFT DT and one side of the second storage capacitor
electrode SG2. Accordingly, the drain electrode DD of the
driving TFT DT, the anode ANO and the second storage
capacitor electrode SG2 are electrically connected.

[0074] A bank BN which exposes part of the anode ANO is
formed on the anode ANO. An organic emission layer OLE is
formed on the exposed portion of the anode ANO, and a
cathode CAT is formed on the organic emission layer OLE to
cover the organic emission layer OLE. In this manner, the
organic light-emitting diode OLED including the anode
ANO, the organic emission layer OLE and the cathode CAT
is completed.

[0075] A description will be given of a process of manu-
facturing the organic light-emitting diode display according
to the second example embodiment of the present invention
with reference to FIGS. 10A to 10J. Characteristics of the
organic light-emitting diode display according to the second
example embodiment of the present invention are described
in more detail through the manufacturing process. FIGS. 10A
to 10] are cross-sectional views illustrating a method for
manufacturing the organic light-emitting diode display
according to the second example embodiment of the present
invention.
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[0076] Referring to FIG. 10A, an opaque light shielding
material is coated on the overall surface of the substrate SUB
and patterned through a first mask process to form a light
shielding layer LS. It is desirable to form the light shielding
layer LS such that semiconductor layers, particularly, channel
regions of the TFTs, which will be formed later, are disposed
on the light shielding layer LS. The light shielding layer LS
serves to protect oxide semiconductor elements from external
light. An insulating material is coated on the overall surface of
the substrate SUB on which the light shielding layer LS is
formed so as to form a buffer layer BF.

[0077] Referring to FIG. 10B, a semiconductor material is
coated on the overall surface of the substrate SUB on which
the buffer layer BF is formed. The semiconductor material
may include an oxide semiconductor material such as indium
gallium zinc oxide (IGZO). The semiconductor material layer
is patterned through a second mask process to form semicon-
ductor layers SE.

[0078] Referring to FIG. 10C, an insulating material and a
metal material are sequentially coated on the overall surface
of the substrate SUB on which the semiconductor layers SE
are formed and simultaneously patterned through a third
mask process to form a gate insulating layer GI and the gate
electrodes SG and DG superposed thereon. The gate elec-
trodes SG and DG are preferably formed such that the gate
electrodes SG and DG are disposed on the center regions of
the semiconductor layers SE while exposing both sides of the
semiconductor layers SE. The center regions of the semicon-
ductor layers SE are respectively defined as a channel layer
SA of the switching TFT and a channel layer DA of the
driving TFT. The exposed portions of the semiconductor lay-
ers SE become source regions SSA and DSA and drain
regions SDA and DDA respectively coming into contact with
the source electrodes and the drain electrodes of the switching
TFT and the driving TFT. When the semiconductor material is
an oxide semiconductor material, the source regions SSA and
DSA and the drain regions SDA and DDA may be conduc-
torized through a plasma treatment process.

[0079] Referring to FIG. 10D, an insulating material is
coated on the overall surface of the substrate SUB on which
the gate electrodes SG and DG are formed so as to form an
interlevel insulating layer IN1. The interlevel insulating layer
IN1 is patterned through a fourth mask process to form con-
tactholes SSH and DSH for exposing the source regions SSA
and DSA of the semiconductor layers and contact holes SDH
and DDH for exposing the drain electrodes SDA and DDA of
the semiconductor layers. Here, a gate contact hole GH for
exposing part of the gate electrode DG of the driving TFT is
simultaneously formed.

[0080] Referring to FIG. 10E, a transparent conductive
material and a metal material are sequentially coated on the
interlevel insulating layer IN1 in which the contact holes are
formed. The transparent conductive material may be indium
tin oxide, indium zinc oxide, indium tin zinc oxide or the like.
The transparent conductive material layer and the metal mate-
rial layer are patterned through a fifth mask process to form
the source electrode SS and the drain electrode SD of the
switching TFT ST and the source electrode DS and the drain
electrode DD of the driving TFT DT. The first storage capaci-
tor electrode SG1 is formed of the transparent conductive
material in the emission area AA. Here, the first storage
capacitor electrode SG1 is electrically connected to the drain
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electrode SD of the switching TFT. The drain electrode SD of
the switching TFT is connected to the gate electrode DG of
the driving TFT.

[0081] The fifth mask process is performed using a half-
tone mask. By using the half-tone mask, the source electrode
SS and the drain electrode SD of the switching TFT ST and
the source electrode DS and the drain electrode DD of the
driving TFT DT are formed of a double layer including the
transparent conductor layer ITO and the metal material ME,
and the first storage capacitor electrode SG1 is formed of a
single layer including only the transparent conductive layer
ITO. While the source electrodes SS and DS and the drain
electrodes SD and DD of the TFTs ST and DT may be formed
of a single layer including only the transparent conductive
material ITO, it is desirable that the source electrodes SS and
DS and the drain electrodes SD and DD be formed of'a double
layer including the laminated transparent conductive material
ITO and metal material ME, considering that the transparent
conductive material ITO has high sheet resistance.

[0082] Referring to FIG. 10F, an insulating material is
coated on the overall surface of the substrate SUB on which
the TFTs ST and DT are formed so as to form a passivation
layer IN2. Subsequently, a transparent conductive material is
coated on the passivation layer IN2 and patterned through a
sixth mask process to form the second storage capacitor elec-
trode SG2. It is desirable to form the second storage capacitor
electrode SG2 such that the second storage capacitor elec-
trode SG2 is superposed on the first storage capacitor elec-
trode SG1.

[0083] Here, the second storage capacitor electrode SG2 is
formed on the first storage capacitor electrode SG1 having the
passivation layer IN2 interposed therebetween in the emis-
sionarea AA so as to form the storage capacitor STG. Accord-
ingly, the first and second storage capacitor electrodes SG1
and SG2 can be formed in the entire emission area AA with-
out decreasing the aperture ratio of the organic light-emitting
diode display according to the second example embodiment
of the present invention since the first and second storage
capacitor electrodes SG1 and SG2 are formed of the trans-
parent conductive material. Therefore, the organic light-emit-
ting diode display according to the second example embodi-
ment of the present invention can secure the storage capacitor
STG having sufficient capacity since the storage capacitor
STG having a wide area can be formed.

[0084] Referring to FIG. 10G, red, green and blue pigments
are coated on the overall surface of the substrate SUB on
which the second storage capacitor electrode SG2 is formed
and sequentially patterned through seventh, eighth and ninth
mask processes, respectively, to sequentially form red, green
and blue color filters CF. The red, green and blue color filters
CF are selectively formed in pixel regions expressing red,
green and blue.

[0085] Referring to FIGS. 10H and 101, a photosensitive
insulating material is coated on the overall surface of the
substrate SUB on which the color filters CF are formed so as
to form an overcoat layer OC. The passivation layer IN2 and
the overcoat layer OC are patterned through a tenth mask
process to form the passivation layer contact hole INH for
exposing the drain electrode DD of the driving TFT DT and
the overcoat layer contact hole OCH for exposing one side X
of the second storage capacitor electrode SG2.

[0086] Thetenth mask process is performed using the over-
coat layer OC formed of the photosensitive insulating mate-
rial and a half-tone mask for patterning the overcoat layer OC
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and the passivation layer IN2. The half-tone mask includes a
full-tone area for shielding light projected thereto, a half-tone
area for transmitting part of light projected thereto and shield-
ing part thereof, and an area for completely transmitting light
projected thereto. The area for completely transmitting light
projected thereto in the half-tone mask is disposed on aregion
in which the passivation layer contact hole INH will be
formed, and the half-tone area is disposed on a region in
which one side X of the second storage capacitor electrode
sG2 will be exposed. The full-tone area of the half-tone mask
is disposed on the remaining region. Then, light is selectively
projected through the prepared half-tone mask and develop-
ing and etching processes are performed so as to form the
passivation layer contact hole INH for exposing part of the
drain electrode DD of the driving TFT DT (FIG. 10H). Sub-
sequently, asking is performed to remove the overcoat layer
OC by a predetermined thickness such that only the overcoat
layer OC corresponding to the full-tone area remains.
Accordingly, the overcoat layer contact hole OCH which
exposes one side X of the second storage capacitor electrode
SG2 and the passivation layer contact hole INH is formed
(FIG. 101).

[0087] Since the overcoat layer OC contains the photosen-
sitive insulating material, the overcoat layer OC can function
as a photoresist during the mask process. The present inven-
tion can form the overcoat layer OC, which has the overcoat
layer contact hole OCH exposing one side X of the second
storage capacitor electrode SG2, and the passivation layer
contact hole INH exposing the drain electrode DD of the
driving TTF DT through a single mask process using the
photosensitive insulating material. While a case in which the
aforementioned photosensitive insulating material is a posi-
tive type photoresist has been described, the present invention
is not limited thereto and the photosensitive insulating layer
may be a negative type photoresist.

[0088] Referring to FIG. 10J, a transparent conductive
material is coated on the overall surface of the substrate SUB
on which the passivation layer contact hole INH and the
overcoat layer contact hole OCH are formed and patterned
through an eleventh mask process to form the anode ANO.
The anode ANO comes into contact with the drain electrode
DD of the driving TFT DT through the passivation layer
contact hole INH. In addition, the anode ANO comes into
contact with one side of the second storage capacitor elec-
trode SG2. Accordingly, the drain electrode DD of the driving
thin film transistor DT, the anode ANO and the second storage
capacitor electrode SG2 are electrically connected.

[0089] The organic light-emitting diode display according
to the second example embodiment of the present invention
can secure the storage capacitor STG having sufficient capac-
ity since the first and second storage capacitor electrodes SG1
and SG2 can be formed to have a wide area in the emission
area AA without decreasing the aperture ratio. Consequently,
the organic light-emitting diode display can sustain pixel data
until the next period using charges of the sufficient storage
capacitor STG when the driving TFT DT is in an off state.
[0090] In addition, the method for manufacturing the
organic light-emitting diode display according to the second
example embodiment of the present invention reduces the
number of mask processes, compared to the first example
embodiment. In the second example embodiment of the
present invention, the passivation layer IN2 and the overcoat
layer OC are patterned using a single mask to form a structure
in which the anode ANO directly comes into contact with the
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drain electrode DD of the driving TFT DT and the second
storage capacitor electrode SG2. Accordingly, the second
example embodiment can simplify the manufacturing pro-
cess compared to the first example embodiment.

[0091] That is, the organic light-emitting diode display
according to the second example embodiment of the present
invention has a structure in which the anode ANO directly
comes into contact with the drain electrode DD of the driving
TFT DT and the second storage capacitor electrode SG2. To
manufacture the organic light-emitting diode display having
such a structure, the passivation layer contact hole INH (FIG.
10H) for directly connecting the anode ANO and the drain
electrode DD of the driving TFT DT and the overcoat layer
contact hole OCH (FIG. 10I) for directly connecting the
anode ANO and the second storage capacitor electrode SG2
are formed through a single mask process in the second
example embodiment of the present invention.

[0092] In the first example embodiment of the present
invention, the organic light-emitting diode display has a
structure in which the drain electrode DD of the driving TFT
DT and the second storage capacitor electrode SG2 are
directly connected and the anode ANO directly comes into
contact with the second storage capacitor electrode SG2. To
manufacture the organic light-emitting diode display having
such a structure, it is necessary to perform two mask pro-
cesses, that is, a process for forming the storage capacitor
contact hole SGH (FIG. 7E) through which the drain elec-
trode DD of the driving TFT DT directly comes into contact
with the second storage capacitor electrode SG2 and a pro-
cess for forming the pixel contact hole PH (FIG. 7G) through
which the second storage capacitor electrode SG2 directly
comes into contact with the anode ANO.

[0093] Therefore, the method for manufacturing the
organic light-emitting diode display according to the second
example embodiment of the present invention can reduce the
number of mask processes, compared to the first example
embodiment, thereby simplifying the manufacturing process
and decreasing manufacturing time and manufacturing costs.
In addition, it is possible to reduce a defect generation rate in
the manufacturing process, improving production yield.
[0094] In accordance with the foregoing, embodiments of
the present invention relate to an organic light-emitting diode
display having an aperture ratio improved by forming a stor-
age capacitor in an emission area using a transparent conduc-
tive material and a method for manufacturing the same. In
addition, embodiments of the present invention relate to an
organic light-emitting diode display and a method for manu-
facturing the same for simplifying a manufacturing process
by reducing the number of mask processes.

[0095] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spiritor scope of
the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. An organic light-emitting diode display, comprising:

a substrate in which an emission area and a non-emission
area are defined;

a thin film transistor disposed in the non-emission area on
the substrate;

a passivation layer disposed on the thin film transistor;
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a first storage capacitor electrode and a second storage
capacitor electrode superposed thereon, having the pas-
sivation layer interposed therebetween, in the emission
area;

an overcoat layer disposed on the second storage capacitor
electrode; and

an anode disposed on the overcoat layer, coming into con-
tact with one side of the second storage capacitor elec-
trode through an overcoat layer contact hole penetrating
the overcoat layer and, coming into contact with part of
the thin film transistor through a passivation layer con-
tact hole disposed in the overcoat layer contact hole and
penetrating the passivation layer.

2. The organic light-emitting diode display of claim 1,
wherein the first and second storage capacitor electrodes con-
tain a transparent conductive material.

3. The organic light-emitting diode display of claim 1,
wherein the overcoat layer contains a photosensitive insulat-
ing material.

4. A method for manufacturing an organic light-emitting
diode display, comprising:

defining an emission area and a non-emission area on a
substrate;
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forming a thin film transistor in the non-emission area and
forming a first storage capacitor electrode in the emis-
sion area on the substrate;

forming a passivation layer on the overall surface of the
substrate on which the thin film transistor and the first
storage capacitor electrode are formed;

forming a second storage capacitor electrode in the emis-
sion area on the passivation layer;

coating an overcoat layer comprising a photosensitive
insulating material on the overall surface of the substrate
on which the first storage capacitor electrode is formed;

forming a passivation contact hole for exposing part of the
thin film transistor by patterning the overcoat layer and
the passivation layer and forming an overcoat layer con-
tact hole for exposing one side of the second storage
capacitor electrode and the passivation layer contact
hole by asking the overcoat layer; and

forming an anode coming into contact with part of the thin
film transistor through the passivation layer contact hole
and, simultaneously, coming into contact with one side
of the second storage capacitor electrode through the
overcoat layer contact hole, on the overcoat layer.
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