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(57) ABSTRACT

An organic light-emitting display device includes a substrate;
a gate electrode disposed on the substrate, the gate electrode
including a first portion of a metal oxide layer and a metal
layer; a pixel electrode disposed on the substrate so as to be
insulated from the gate electrode, the pixel electrode includ-
ing a second portion of the metal oxide layer; a gate insulating
layer disposed on the substrate to cover the gate electrode; a
semiconductor layer disposed on the gate insulating layer, the
semiconductor layer including a channel region correspond-
ing to the gate electrode, and first and second regions disposed
outside the channel region; a first electrode connected to the
first region of the semiconductor layer; a second electrode
connected to the second region of the semiconductor layer
and the pixel electrode; an ohmic contact layer disposed
between the first region of the semiconductor layer and the
first electrode and between the second region of the semicon-
ductor layer and the second electrode; a pixel defining layer
disposed on the substrate to cover the first electrode, the
second electrode, the semiconductor layer, and the pixel elec-
trode, the pixel defining layer including an opening through
which the pixel electrode is partially exposed; an organic
light-emitting layer disposed on the pixel electrode exposed
through the opening; and an opposite electrode covering the
organic light-emitting layer.
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ORGANIC LIGHT-EMITTING DISPLAY
DEVICE AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Korean Appli-
cation No. 2007-79707, filed Aug. 8, 2007, in the Korean
Intellectual Property Office, the disclosure of which is incor-
porated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Aspects ofthe present invention relates to an organic
light-emitting display device and a method of manufacturing
an orgaunic light-emitting display device. More particularly,
aspects of the present invention relate to an organic light-
emitting display device including a bottom gate type thin film
transistor that can be easily manufactured, and a method of
manufacturing an organic light-emitting display device.
[0004] 2. Description of the Related Art

[0005] Thin film transistors have been used as switching or
driving devices of flat panel displays such as liquid crystal
displays or organic light-emitting display devices. Thin film
transistors can be classified into top gate types and bottom
gate types according to the position of the gate electrode. Top
gate type thin film transistors are widely used in flat panel
displays including organic light-emitting display devices.
[0006] Organic light-emitting display devices are self-
emitting display devices that include an organic light-emit-
ting layer between a pixel electrode and an opposite elec-
trode. Organic light-emitting display devices have
advantages such as a wide viewing angle, good contrast, and
rapid response speed, and thus, have been highlighted as next
generation display devices.

[0007] FIG. 1is a schematic sectional view illustrating an
organic light-emitting display device including a conven-
tional top gate type thin film transistor. Referring to FIG. 1,
the organic light-emitting display device includes, on a sub-
strate 10, a buffer layer 11, a semiconductor layer 21, an
inter-insulating layer 12, a gate electrode 22, a gate insulating
layer 13, source and drain electrodes 23 and 24, a passivation
layer 14, a pixel defining layer 15, a pixel electrode 27, an
organic light-emitting layer 28, and an opposite electrode 29.
[0008] In order to manufacture the organic light-emitting
display device, first, the buffer layer 11 and an amorphous
silicon layer are sequentially deposited on the substrate 10,
the amorphous silicon layer is crystallized into a polycrystal-
line silicon layer, and the polycrystalline silicon layer is pat-
terned in a predetermined shape using a first mask. Then, the
patterned polycrystalline silicon layer is ionically doped
using a second mask so that source and drain regions are
defined in the patterned polycrystalline silicon layer to
thereby form the semiconductor layer 21.

[0009] Next, the inter-insulating layer 12 and a conductive
material forming the gate electrode 22 are deposited on the
buffer layer 11 and the semiconductor layer 21, and the con-
ductive material is patterned in a predetermined shape using
a third mask to form the gate electrode 22.

[0010] After forming the gate electrode 22, the gate insu-
lating layer 13 is deposited on the gate electrode 22. Then,
contact holes 25 are formed in the inter-insulating layer 12
and the gate insulating layer 13 using a fourth mask in order
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to electrically connect the source and drain electrodes 23 and
24 to the semiconductor layer 21.

[0011] After forming the contact holes 25, a source/drain
electrode material is deposited on the gate insulating layer 13
and patterned in a predetermined shape using a fifth mask to
form the source and drain electrodes 23 and 24.

[0012] After forming the source and drain electrodes 23
and 24, the passivation layer 14 is deposited on the source and
drain electrodes 23 and 24 and the gate insulating layer 13,
and a via hole 26 is formed in the passivation layer 14 using a
sixth mask in order to electrically connect one of the source
and drain electrodes 23 and 24 to the pixel electrode 27.
[0013] After forming the via hole 26, a conductive material
is deposited on the passivation layer 14 and patterned using a
seventh mask to form the pixel electrode 27.

[0014] After forming the pixel electrode 27, the pixel defin-
ing layer 15 is deposited on the passivation layer 14 and the
pixel electrode 27, and patterned using an eighth mask so that
the pixel electrode 27 is partially exposed. When a spacer (not
shown) is further disposed on the pixel defining layer 15, the
spacer is deposited and patterned using another mask (ninth
mask).

[0015] The organic light-emitting layer 28 is deposited on
an exposed portion of the pixel electrode 27 using a shadow
mask or an open mask, and the opposite electrode 29 is then
deposited on the organic light-emitting layer 28 using an open
mask.

[0016] As described above, when manufacturing an
organic light-emitting display device including a conven-
tional top gate type thin film transistor, numerous mask pro-
cesses are required for patterning, and each mask process
involves a series of procedures including providing a photo-
resist coating, exposing the layer to be patterned to light, and
developing the exposed layer. Thus, the manufacturing
method is complicated, thus increasing manufacturing costs.

SUMMARY OF THE INVENTION

[0017] Aspects of the present invention provide an organic
light-emitting display device capable of reducing the number
of mask patterning processes and a method of manufacturing
the same.

[0018] According to an embodiment of the present inven-
tion, there is provided an organic light-emitting display
device including: a substrate; a gate electrode disposed on the
substrate, the gate electrode including a first portion of a
metal oxide layer and a metal layer; a pixel electrode disposed
on the substrate so as to be insulated from the gate electrode,
the pixel electrode including a second portion of the metal
oxide layer; a gate insulating layer disposed on the substrate
to cover the gate electrode; a semiconductor layer disposed on
the gate insulating layer, the semiconductor layer including a
channel region corresponding to the gate electrode, and first
and second regions disposed outside the channel region; a
first electrode connected to the first region of the semicon-
ductor layer; a second electrode connected to the second
region of the semiconductor layer and the pixel electrode; an
ohmic contact layer disposed between the first region of the
semiconductor layer and the first electrode and between the
second region of the semiconductor layer and the second
electrode; a pixel defining layer disposed on the substrate to
cover the first electrode, the second electrode, the semicon-
ductor layer, and the pixel electrode, the pixel defining layer
including an opening through which the pixel electrode is
partially exposed; an organic light-emitting layer disposed on
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a portion of the pixel electrode exposed through the opening;
and an opposite electrode covering the organic light-emitting
layer.

[0019] In the gate electrode according to an aspect of the
present invention, the metal oxide layer and the metal layer
may be sequentially stacked on the substrate.

[0020] According to an aspect of the present invention, the
pixel electrode may further include a metal layer.

[0021] In each of the gate electrode and the pixel electrode
according to an aspect of the present invention, the metal
layer and the metal oxide layer may be sequentially stacked
on the substrate.

[0022] According to an aspect of the present invention, the
metal oxide layer may include at least one metal oxide mate-
rial selected from the group consisting of ITO, IZO, ZnO, and
1n,0;.

[0023] According to an aspect of the present invention, the
metal layer may include at least one metal material selected
from the group consisting of Mo, Cr, Ti, Ag, Mg, Al, Pt, Pd,
Au, Ni, Nd, Ir, Li, Ca, and compounds thereof.

[0024] According to an aspect of the present invention, the
semiconductor layer may include a polycrystalline silicon
layer.

[0025] Ends of the gate insulating layer, the semiconductor
layer, and the ohmic contact layer according to an aspect of
the present invention may have the same patterns.

[0026] According to an aspect of the present invention, the
organic light-emitting display device may further include a
buffer layer on the substrate.

[0027] According to another embodiment of the present
invention, there is provided a method of manufacturing an
organic light-emitting display device, the method including:
depositing a material for forming a gate electrode and a pixel
electrode on a substrate and patterning the material to form
the gate electrode and the pixel electrode so that the gate
electrode and the pixel electrode are insulated from each
other; depositing a gate insulating material on the gate elec-
trode and the pixel electrode; depositing an amorphous sili-
con layer on the gate insulating material; crystallizing the
amorphous silicon layer to form a polycrystalline silicon
layer; depositing an ohmic contact material on the polycrys-
talline silicon layer; patterning the gate insulating matetial,
the polycrystalline silicon layer, and the ohmic contact mate-
rial so that the pixel electrode is exposed to thereby form a
gate insulating layer, a semiconductor layer, and an ohmic
contact layer which are separated from the pixel electrode;
depositing a conductive material on the substrate, the ohmic
contact layer, and the pixel electrode, and patterning the con-
ductive material so that the ohmic contact layer correspond-
ing to the gate electrode is exposed to thereby form a first
electrode which is connected to the ohmic contact layer and a
second electrode which is separated from the first electrode
and which is connected to the ohmic contact layer and the
pixel electrode; etching an exposed portion of the ohmic
contact layer; depositing a pixel defining layer forming mate-
rial on the substrate, the first and second electrodes, the semi-
conductor layer, and the pixel electrode and patterning the
pixel defining layer forming material so that the pixel elec-
trode is exposed to thereby form a pixel defining layer; and
forming an organic light-emitting layer and an opposite elec-
trode on the pixel electrode.

[0028] In the formation of the gate electrode and the pixel
electrode according to an aspect of the present invention, a
metal oxide layer and a metal layer may be sequentially
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deposited on the substrate and patterned to form the gate
electrode and the pixel electrode, each of which includes the
metal oxide layer and the metal layer.

[0029] In the formation of the gate insulating layer, the
semiconductor layer, and the ohmic contact layer according
to an aspect of the present invention, the gate insulating
material, the polycrystalline silicon layer, and the ohmic con-
tact material may be patterned so that the metal oxide layer of
the pixel electrode is exposed.

[0030] In the formation of the gate insulating layer, the
semiconductor layer, and the ohmic contact layer according
to an aspect of the present invention, the gate insulating
material, the polycrystalline silicon layer, and the ohmic con-
tact material may be patterned at the same time using a half-
tone mask.

[0031] In the formation of the gate electrode and the pixel
electrode according to an aspect of the present invention, a
metal layer and a metal oxide layer may be sequentially
deposited on the substrate and patterned to form the gate
electrode and the pixel electrode, each of which includes the
metal layer and the metal oxide layer.

[0032] In the formation of the gate insulating layer, the
semiconductor layer, and the ohmic contact layer according
to an aspect of the present invention, the gate insulating
material, the polycrystalline silicon layer, and the ohmic con-
tact material may be patterned so that the metal oxide layer of
the pixel electrode is exposed.

[0033] In the formation of the gate insulating layer, the
semiconductor layer, and the ohmic contact layer according
to an aspect of the present invention, the gate insulating
material, the polycrystalline silicon layer, and the ohmic con-
tact material may be patterned so that ends of the gate insu-
lating layer, the semiconductor layer, and the chmic contact
layer have the same patterns.

[0034] According to an aspect of the present invention, the
method may further include forming a buffer layer on the
substrate.

[0035] According to another embodiment of the present
invention, there is provided a method of manufacturing an
organic light-emitting display device comprising simulta-
neously forming a gate electrode and a pixel electrode by
depositing a material for forming the gate electrode and the
pixel electrode on a substrate and patterning the material to
form the gate electrode and the pixel electrode so that the gate
electrode and the pixel electrode are insulated from each
other.

[0036] Additional aspects and/or advantages of the inven-
tion will be set forth in part in the description which follows
and, in part, will be obvious from the description, or may be
learned by practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] These and/or other aspects and advantages of the
invention will become apparent and more readily appreciated
from the following description of the embodiments, taken in
conjunction with the accompanying drawings of which:
[0038] FIG. 1is a schematic sectional view illustrating an
organic light-emitting display device including a conven-
tional top gate type thin film transistor;

[0039] FIG. 2 is a schematic sectional view illustrating an
organic light-emitting display device according to an embodi-
ment of the present invention;
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[0040] FIGS. 3 through 8 are schematic sectional views
illustrating a method of manufacturing the organic light-emit-
ting display device shown in FIG. 2;

[0041] FIG. 9 is a schematic sectional view illustrating an
organic light-emitting display device according to another
embodiment of the present invention; and

[0042] FIGS. 10 through 15 are schematic sectional views
illustrating a method of manufacturing the organic light-emit-
ting display device shown in FIG. 9.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0043] Reference will now be made in detail to the present
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings, wherein like ref-
erence numerals refer to the like elements throughout. The
embodiments are described below in order to explain the
present invention by referring to the figures.

[0044] FIG. 2 is a schematic sectional view illustrating an
organic light-emitting display device that includes a bottom
gate type thin film transistor according to an embodiment of
the present invention. FIGS. 3 through 8 are schematic sec-
tional views sequentially illustrating a method of manufac-
turing the organic light-emitting display device shown in FIG.
2.

[0045] Referring to FIG. 2, the organic light-emitting dis-
play device according to the current embodiment of the
present invention includes a substrate 110, a buffer layer 111,
a gate electrode 120, a pixel electrode 130, a gate insulating
layer 112, a semiconductor layer 140, an ohmic contact layer
150, first and second electrodes 161 and 162, a pixel defining
layer 170, an organic light-emitting layer 180, and an oppo-
site electrode 190.

[0046] The substrate 110 may be formed of a glass material
including SiO, as a main component, but the present inven-
tion is not limited thereto. The substrate 110 may also be
formed of various other materials such as, for example, a
plastic material. However, since the organic light-emitting
display device according to the current embodiment of the
present invention is a bottom emission type organic light-
emitting display device in which images are displayed in the
direction of the substrate 110, as will be described later, the
substrate 110 should be formed of a transparent material.
[0047] The buffer layer 111 may be disposed on an upper
surface of the substrate 110 to make the substrate 110 smooth
and to prevent the penetration of impurity elements. The
buffer layer 111 may be deposited by various deposition
methods such as plasma enhanced chemical vapor deposition
(PECVD), atmospheric pressure chemical vapor deposition
(APCVD), low pressure chemical vapor deposition
(LPCVD), and enhanced reflectivity coating (ERC). It is to be
understood that the buffer layer is not required in every
instance.

[0048] Where it is described herein that a first layer is
“formed on,” “deposited on” or “disposed on” a second layer,
it is to be understood that the first layer may be formed
directly on the second layer or that there may be an interven-
ing layer between the first layer and the second layer.

[0049] Referring to FIG. 3, a metal oxide layer 121 includ-
ing a metal oxide material such as ITO, IZ0, ZnO, or In,0, is
deposited on the buffer layer 111, and a metal layer 122
including Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, Ca, Mo,
Ti, or a compound thereof is deposited on the metal oxide
layer 121. The metal oxide layer 121 and the metal layer 122
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are patterned in predetermined shapes using a patterned mask
M1 to form the gate electrode 120 and the pixel electrode 130,
as shown in FIG. 4. The gate electrode 120 is connected to a
gate line (not shown) to apply an “on/off” signal to the thin
film transistor. Hereinafter, the patterning of the metal oxide
layer 121 and the metal layer 122 using the mask M1 will be
described in more detail.

[0050] First, the metal oxide layer 121 and the metal layer
122 are sequentially deposited on the buffer layer 111, and a
photoresistor is coated on the entire surface of the resultant
structure. The photoresistor is patterned in a predetermined
shape using a conventional photolithography process. That is,
after the photoresistor is exposed to light through the pat-
terned mask M1, developed, and baked, the metal oxide layer
121 and the metal layer 122 are etched at the same time
according to the defined pattern. The etching may be wet
etching or dry etching. The dry etching may include plasma
etching, reactive ion etching (RIE), reactive sputter etching,
reactive ion-beam milling, etc. In a mask patterning process,
the above-described procedure is repeated with respect to
other layers, as described below. Thus, for patterning pro-
cesses as will be mentioned later, a detailed description
thereof will be omitted.

[0051] Referringto FIG. 4, a gate insulating material 112" is
deposited on the gate electrode 120 and the pixel electrode
130 formed by the above-described mask process. For the
gate insulating material 112", an inorganic insulating material
suchas SiN_or SiO_may be deposited by a deposition method
such as PECVD, APCVD, LPCVD, or ERC.

[0052] A polycrystalline silicon layer 140" is formed on the
gate insulating material 112", For this, first, an amorphous
silicon layer is deposited and crystallized. The amorphous
silicon layer can be crystallized to the polycrystalline silicon
layer 140" by various methods such as RTA (Rapid Thermal
Annealing), SPC (Solid Phase Crystallization), ELA (Exci-
mer Laser Annealing), MIC (Metal Induced Crystallization),
MILC (Metal Induced Lateral Crystallization), or SLS (Se-
quential Lateral Solidification). The polycrystalline silicon
layer 140" 1s patterned to form a semiconductor layer 140 as
will be described later with reference to FIG. 6. As shown in
FIG. 6, the semiconductor layer 140 includes a channel region
142, which corresponds to the gate electrode 120 and which
forms an electron passage, and first and second regions 141
and 143, which are disposed outside the channel region 142
and which are connected to first and second electrodes 161
and 162 via an ohmic contact layer 150.

[0053] Referring to FIG. 5, an ohmic contact material 150’
is deposited on the polycrystalline silicon layer 140'. For the
ohmic contact material 150", N* or P* doped silicon may be
deposited on the polycrystalline silicon layer 140" using CVD
or the like.

[0054] After depositing the ohmic contact material 150",
the gate insulating material 112', the polycrystalline silicon
layer 140", and the ohmic contact material 150", which are
sequentially formed on the gate electrode 120, are patterned
in the same shapes using a mask M2. Portions of the gate
insulating material 112', the polycrystalline siliconlayer 140',
the ohmic contact material 150", and the metal layer 122 that
correspond to the pixel electrode 130 are removed, whereas a
portion of the metal oxide layer 121 that corresponds to the
pixel electrode 130 is left. Portions of the gate insulating
material 112, the polycrystalline silicon layer 140", and the
ohmic contact material 150’ that are deposited on the buffer
layer 111 between the gate electrode 120 and the pixel elec-
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trode 130, are removed. As described above, since regions
corresponding to the gate electrode 120, regions correspond-
ing to the pixel electrode 130, and regions between the gate
electrode 120 and the pixel electrode 130 are etched in dif-
ferent manners, the mask M2 used in the patterning may be a
half-tone mask including a light-transmitting portion, a light-
blocking portion, and a translucent portion.

[0055] Referring to FIG. 6, a conductive material to form
source and drain electrodes is deposited on the substrate 110,
the ohmic contact layer 150, and the pixel electrode 130 and
is then patterned using a mask M3 to form the first and second
electrodes 161 and 162 serving as source and drain elec-
trodes.

[0056] The first electrode 161 is connected to the first
region 141 of the semiconductor layer 140 via the ohmic
contact layer 150. The second electrode 162 is connected to
the second region 143 of the semiconductor layer 140 and the
pixel electrode 130 via the ohmic contact layer 150. Here, the
first electrode 161 and the first region 141 serve as a source
electrode and a source region, respectively, and the second
electrode 162 and the second region 143 serve as a drain
electrode and a drain region, respectively. Of course, the first
electrode 161 and the first region 141 may serve as a drain
electrode and a drain region, respectively, and the second
electrode 162 and the second region 143 may serve as a source
electrode and a source region, respectively. The first and
second electrodes 161 and 162 may be single metal layers
formed of aluminum (A1) or copper (Cu) or dual metal layers
in which a metal such as molybdenum (Mo), uranium (W),
chromium (Cr), or platinum (Pt) is stacked on an aluminum
(Al) layer. In addition, the first and second electrodes 161 and
162 may be formed of various materials. Although not shown,
the first and second electrodes 161 and 162 are connected to
data lines (not shown) applying data signals.

[0057] Referring to FIG. 7, after forming the first and sec-
ond electrodes 161 and 162, the portion of the ohmic contact
layer 150 exposed between the first and second electrodes 161
and 162 is removed by etching. As a non-limiting example,
the etching may be dry etching such as, for example, plasma
etching, reactive ion etching (RIE), reactive sputter etching,
reactive ion-beam milling, etc.

[0058] Referring to FIG. 8, a material to form a pixel defin-
ing layer (PDL) 170 is deposited on the resultant structure of
FIG. 7. As a non-limiting example, a polyimide may be used
as the material for forming the pixel defining layer 170. The
pixel defining layer 170 defines an emission area, and further,
provides an increased distance between edges of the pixel
electrode 130 and an opposite electrode (see 190 of FIG. 2) to
prevent the concentration of electric field at the edges of the
pixel electrode 130, thereby preventing a short-circuit
between the pixel electrode 130 and the opposite electrode
190.

[0059] Referring again to FIG. 2, together with FIG. 8, the
pixel defining layer 170 is patterned using a mask M4, and the
organic light-emitting layer 180 is formed on the resultant
structure. The organic light-emitting layer 180 emits light
when the pixel electrode 130 and the opposite electrode 190
are electrically driven. The organic light-emitting layer 180
may be formed of a low molecular weight or polymer organic
material. When the organic light-emitting layer 180 is formed
of a low molecular weight organic material, a hole transport
layer and a hole injection layer are disposed on a surface of the
organic light-emitting layer 180 facing the pixel electrode
130, and an electron transport layer and an electron injection
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layer are disposed on a surface of the organic light-emitting
layer 180 facing the opposite electrode 190. If necessary,
various other layers may be disposed between the pixel elec-
trode 130 and the opposite electrode 190. Non-limiting
examples of the low molecular weight organic material
include copper phthalocyanine (CuPc), N,N'-di(naphthalene-
1-y])-N,N'-diphenyl-benzidine (NPB), tris-8-hydroxyquino-
line aluminum (Alq3), etc.

[0060] When the organic light-emitting layer 180 is formed
of a polymer organic material, only a hole transport layer
(HTL) may be disposed on a surface of the organic light-
emitting layer 180 facing the pixel electrode 130. Here, the
hole transport layer may be formed on the pixel electrode 130
by inkjet printing or spin coating using polyethylene dihy-
droxythiophene (PEDOT: poly-(2.4)-ethylene-dihydroxy
thiophene) or polyaniline (PANI), and the organic light-emit-
ting layer 180 may be color-patterned by a conventional
method, e.g., inkjet printing, spin coating, or laser-induced
thermal transfer, using PPV, soluble PPV, cyano-PPV, poly-
fluorene, or the like.

[0061] The opposite electrode 190 serving as a common
electrode is deposited on the organic light-emitting layer 180.
In the organic light-emitting display device according to the
current embodiment of the present invention, the pixel elec-
trode 130 is an anode and the opposite electrode 190 is a
cathode. Alternatively, the pixel electrode 130 may be a cath-
ode and the opposite electrode 190 may be an anode. As
described above, in a bottom emission type organic light-
emitting display device in which images are displayed in the
direction of the substrate 110, the pixel electrode 130 serves
as a transparent electrode and the opposite electrode 190
serves as a reflective electrode. The reflective electrode may
be formed of a metal with a low work function, i.e., Ag, Mg,
Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, Ca, or the like.

[0062] A sealing member (not shown) and a hydroscopic
agent (not shown) may be further provided on the opposite
electrode 190 in order to protect the organic light-emitting
layer 180 from external moisture or oxygen.

[0063] In the above-described organic light-emitting dis-
play device according to the current embodiment of the
present invention, a metal oxide layer and a metal layer are
sequentially deposited and patterned to simultaneously form
a gate electrode and a pixel electrode, and a metal layer of the
pixel electrode is removed simultaneously with patterning a
semiconductor layer, thus significantly reducing the number
of mask processes used in forming the organic light-emitting
display device. In addition, since the organic light-emitting
display device of the current embodiment of the present
invention is a bottom emission type organic light-emitting
display device, a problem of reduction in display quality due
to dark spots formed by an IR drop across an opposite elec-
trode (a cathode) used as a common electrode in a middle- or
large-sized organic light-emitting display device does not
occur.

[0064] Hereinafter, an organic light-emitting display
device according to another embodiment of the present inven-
tion will be described in more detail with reference to FIGS.
9 through 15. A detailed description of the same elements as
in the previous embodiment will be omitted.

[0065] FIG. 9 is a schematic sectional view illustrating an
organic light-emitting display device including a bottom gate
type thin film transistor according to another embodiment of
the present invention, and FIGS. 10 through 15 are schematic
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sectional views illustrating a method of manufacturing the
organic light-emitting display device shown in FIG. 9.
[0066] Referring to FIG. 9, the organic light-emitting dis-
play device according to the current embodiment of the
present invention includes a substrate 210, a buffer layer 211,
a gate electrode 220, a pixel electrode 230, a gate insulating
layer 212, a semiconductor layer 240, an ohmic contact layer
250, first and second electrodes 261 and 262, a pixel defining
layer 270, an organic light-emitting layer 280, and an oppo-
site electrode 290.

[0067] The substrate 210 may be formed of a glass material
including SiO, as a main component, but the present inven-
tion is not limited thereto. The substrate 210 may be formed
of various other materials such as, for example a plastic
material. The buffer layer 211 may be disposed on an upper
surface of the substrate 210 to make the substrate 210 smooth
and to prevent the penetration of impurity elements. It is to be
understood that the buffer layer is not required in every
instance.

[0068] Referring to FIG. 10, a metal layer 222 including
Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, Ca, Mo, Ti, or a
compound thereofis deposited on the buffer layer 211, and a
metal oxide layer 221 including a metal oxide material such
as ITO, IZ0, ZnO, or In,O, is deposited on the metal layer
222. The metal layer 222 and the metal oxide layer 221 are
patterned in predetermined shapes using a patterned mask
M1 to form the gate electrode 220 and the pixel electrode 230
as shown in FIG. 11. The gate electrode 220 is connected to a
gate line (not shown) applying an “on/of F”’ signal to a thin
film transistor.

[0069] Referring to FIG. 11, a gate insulating material 212"
is deposited on the gate electrode 220 and the pixel electrode
230 formed by the above-described mask process. An amor-
phous silicon is deposited on the gate insulating material 212"
and crystallized by the above-described crystallization of
amorphous silicon to form a polycrystalline silicon layer
240'. The polycrystalline silicon layer 240" is patterned to
form a semiconductor layer 240 as will be described later with
reference to FIG. 13. As shown in F1G. 13, the semiconductor
layer 240 includes a channel region 242, which corresponds
to the gate electrode 220 and which forms an electron pas-
sage, and first and second regions 241 and 243, which are
disposed outside the channel region 242 and which are con-
nected to firstand second electrodes 261 and 262 via an ohmic
contact layer 250.

[0070] Referring to FIG. 12, an ohmic contact material 250
including N* or P* doped silicon is deposited on the poly-
crystalline silicon layer 240'by CVD or the like. After depos-
iting the ohmic contact material 250", the gate insulating
material 212', the polycrystalline silicon layer 240", and the
ohmic contact material 250", which are sequentially stacked
on the gate electrode 220, are patterned in the same shapes
using a mask M2'. At this time, the patterning of the region of
the gate electrode 220 is performed dividedly and separately
from the patterning of the region of the pixel electrode 230.
[0071] In the previously described embodiment of the
present invention, the metal layer deposited in forming the
pixel electrode is removed, but the metal oxide layer1s left. In
the current embodiment of the present invention, both the
metal layer 222 and the metal oxide layer 221 of the pixel
electrode 230 are left, and portions of the gate insulating
material 212', the polycrystalline silicon layer 240", and the
ohmic contact material 250" that are stacked on the metal layer
222 and the metal oxide layer 221 are removed. Thus, in the
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previously described embodiment of the present invention, a
half-tone mask including a light-transmitting portion, a light-
blocking portion, and a translucent portion is used. However,
in the current embodiment of the present invention, it is not
necessary to use a half-tone mask. That is, the metal oxide
layer 221 of the pixel electrode 230 is exposed by photoli-
thography using the mask M2' including a light-transmitting
portion and a light-blocking portion, development, and etch-
ing.

[0072] Inthe current embodiment of the present invention,
with respect to the pixel electrode 230, the metal layer 222 is
deposited on the substrate 210, and the metal oxide layer 221
is then formed on the metal layer 222 using a metal oxide
material such as ITO. Thus, the organic light-emitting display
device according to the current embodiment of the present
invention can be used as a top emission type organic light-
emitting display device in which images are displayed in an
opposite direction to the substrate 210.

[0073] Referring to FIG. 13, a conductive material forming
the source and drain electrodes is deposited on the substrate
210, the ohmic contact layer 250, and the pixel electrode 230,
and is then patterned using a mask M3' to form the first and
second electrodes 261 and 262 serving as source and drain
electrodes.

[0074] The first electrode 261 is connected to the first
region 241 of the semiconductor layer 240 via the ohmic
contact layer 250. The second electrode 262 is connected to
the second region 243 of the semiconductor layer 240 and the
pixel electrode 230 via the ohmic contact layer 250. Although
not shown, the first and second electrodes 261 and 262 are
connected to data lines (not shown) applying data signals.
[0075] Referring to FIG. 14, after forming the first and
second electrodes 261 and 262, the portion of the ohmic
contact layer 250 exposed between the first and second elec-
trodes 261 and 262 is removed by etching. The etching may
be dry etching such as, for example, plasma etching, reactive
ion etching (RIE), reactive sputter etching, reactive ion-beam
milling, etc.

[0076] Referring to FIG. 15, a material to form a pixel
defining layer 270 is deposited on the resultant structure of
FIG. 14, and is then patterned using a mask M4' to form the
pixel defining layer 270. An organic light-emitting layer 280
is formed on the resultant structure. A material and a forma-
tion method for the organic light-emitting layer 280 are as
described above, and thus, a detailed description thereof will
be omitted.

[0077] An opposite electrode 290 serving as a common
electrode is formed on the organic light-emitting layer 280. In
the organic light-emitting display device according to the
current embodiment of the present invention, the pixel elec-
trode 230 is an anode and the opposite electrode 290 is a
cathode. Alternatively, the pixel electrode 230 may be a cath-
ode and the opposite electrode 290 may be an anode.

[0078] Inatop emission type organic light-emitting display
device in which images are displayed in an opposite direction
to the substrate 210, the pixel electrode 230 serves as a reflec-
tive electrode and the opposite electrode 290 serves as a
transparent electrode. Here, the reflective electrode for the
pixel electrode 230 may be formed as described above by
depositing a metal oxide material with a high work function
such as ITO, [ZO, ZnO, or In,O; on a reflective layer formed
of Mo, Cr, Ti, Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Li, Ca, ora
compound thereof. The transparent electrode for the opposite
electrode 290 may be formed by depositing a metal with a low
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work function, i.e., Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li,
Ca, oracompound thereof and forming an auxiliary electrode
layer or a bus electrode line thereon using a transparent con-
ductive material such as ITO, IZO, ZnO, or In,0,.

[0079] A sealing member (not shown) and a hydroscopic
agent (not shown) may be further provided on the opposite
electrode 290 to protect the organic light-emitting layer 280
from external moisture or oxygen.

[0080] In the above-described organic light-emitting dis-
play device according to the current embodiment of the
present invention, a metal layer and a metal oxide layer are
sequentially deposited and patterned to simultaneously form
a gate electrode and a pixel electrode, and a metal oxide layer
of the pixel electrode is exposed simultaneously with pattern-
ing a semiconductor layer, thus significantly reducing the
number of mask processes.

[0081] Thus, according to aspects of the present invention,
a gate electrode and a pixel electrode are patterned at the same
time, thus reducing the number of mask processes used in
forming the organic light-emitting display device. Further, in
abottom emission type organic light-emitting display device,
a reduction in display quality due to dark spots generated by
an IR drop across a common electrode serving as a cathode
can be avoided.

[0082] Although a few embodiments of the present inven-
tion have been shown and described, it would be appreciated
by those skilled in the art that changes may be made in this
embodiment without departing from the principles and spirit
of the invention, the scope of which is defined in the claims
and their equivalents.

What is claimed is:

1. An organic light-emitting display device comprising:

a substrate;

a gate electrode disposed on the substrate, the gate elec-
trode comprising a first portion of a metal oxide layer
and a metal layer;

a pixel electrode disposed on the substrate so as to be
insulated from the gate electrode, the pixel electrode
comprising a second portion of the metal oxide layer;

a gate insulating layer disposed on the substrate to cover
the gate electrode;

a semiconductor layer disposed on the gate insulating
layer, the semiconductor layer comprising a channel
region corresponding to the gate electrode, and first and
second regions disposed outside the channel region;

a first electrode connected to the first region of the semi-
conductor layer;

a second electrode connected to the second region of the
semiconductor layer and the pixel electrode;

an ohmic contact layer disposed between the first region of
the semiconductor layer and the first electrode and
between the second region of the semiconductor layer
and the second electrode;

apixel defining layer disposed on the substrate to cover the
first electrode, the second electrode, the semiconductor
layer, and the pixel electrode, the pixel defining layer
comprising an opening through which the pixel elec-
trode is partially exposed,

an organic light-emitting layer disposed on a portion of the
pixel electrode exposed through the opening; and

an opposite electrode covering the organic light-emitting
layer.
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2. The organic light-emitting display device of claim 1,
wherein in the gate electrode, the metal oxide layer and the
metal layer are sequentially stacked on the substrate.

3. The organic light-emitting display device of claim 1,
wherein the pixel electrode further comprises a metal layer.

4. The organic light-emitting display device of claim 3,
wherein in each of the gate electrode and the pixel electrode,
the metal layer and the metal oxide layer are sequentially
stacked on the substrate.

5. The organic light-emitting display device of claim 1,
wherein the metal oxide layer comprises at least one metal
oxide material selected from the group consisting of 1TO,
170, 710, and In,O;.

6. The organic light-emitting display device of claim 1,
wherein the metal layer comprises at least one metal material
selected from the group consisting of Mo, Cr, Ti, Ag. Mg, Al,
Pt, Pd, Au, Ni, Nd, Ir, Li, Ca, and compounds thereof.

7. The organic light-emitting display device of claim 1,
wherein the semiconductor layer comprises a polycrystalline
silicon layer.

8. The organic light-emitting display device of claim 1,
wherein ends of the gate insulating layer, the semiconductor
layer, and the ohmic contact layer have the same pattern.

9. The organic light-emitting display device of claim 1,
further comprising a buffer layer on the substrate.

10. The organic light-emitting display device of claim 1,
wherein a portion of the pixel defining layer is between the
pixel electrode and the light-emitting layer at a peripheral
portion of the pixel electrode and the light-emitting layer.

11. The organic light-emitting display device of claim 1,
wherein a distance between the pixel electrode and the oppo-
site electrode is greater at a peripheral portion of the pixel
electrode than at a center portion of the pixel electrode.

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

depositing a material for forming a gate electrode and a

pixel electrode on a substrate and patterning the material
to form the gate electrode and the pixel electrode so that
the gate electrode and the pixel electrode are insulated
from each other;

depositing a gate insulating material on the gate electrode

and the pixel electrode;

depositing an amorphous silicon layer on the gate insulat-

ing material;

crystallizing the amorphous silicon layer to form a poly-

crystalline silicon layer;

depositing an ohmic contact material on the polycrystalline

silicon layer;
patterning the gate insulating material, the polycrystalline
silicon layer, and the ohmic contact material so that the
pixel electrode is exposed to thereby form a gate insu-
lating layer, a semiconductor layer, and an ohmic contact
layer that are separated from the pixel electrode;

depositing a conductive material on the substrate, the
ohmic contact layer, and the pixel electrode, and pattern-
ing the conductive material so that the ohmic contact
layer corresponding to the gate electrode is exposed to
thereby form a first electrode that is connected to the
ohmic contact layer and a second electrode that is sepa-
rated from the first electrode and that is connected to the
ohmic contact layer and the pixel electrode;

etching an exposed portion of the ohmic contact layer;

depositing a pixel defining layer forming material on the

substrate, the first and second electrodes, the semicon-
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ductor layer, and the pixel electrode and patterning the
pixel defining layer forming material so that the pixel
electrode is exposed to form a pixel defining layer; and

forming an organic light-emitting layer and an opposite
electrode on the pixel electrode.

13. The method of claim 12, wherein in the forming of the
gate electrode and the pixel electrode, a metal oxide layer and
a metal layer are sequentially deposited on the substrate and
patterned to form the gate electrode and the pixel electrode,
each of which comprises the metal oxide layer and the metal
layer.

14. The method of claim 13, wherein in the formation of the
gate insulating layer, the semiconductor layer, and the ohmic
contact layer, the gate insulating material, the polycrystalline
silicon layer, and the ohmic contact material are patterned so
that the metal oxide layer of the pixel electrode is exposed.

15. The method of claim 14, wherein in the formation of the
gate insulating layer, the semiconductor layer, and the ohmic
contact layer, the gate insulating material, the polycrystalline
silicon layer, and the ohmic contact material are patterned at
the same time using a half-tone mask.

16. The method of claim 12, wherein in the formation of the
gate electrode and the pixel electrode, a metal layer and a
metal oxide layer are sequentially deposited on the substrate
and patterned to form the gate electrode and the pixel elec-
trode, each of which comprises the metal layer and the metal
oxide layer.

17. The method of claim 16, wherein in the formation of the
gate insulating layer, the semiconductor layer, and the ohmic
contact layer, the gate insulating material, the polycrystalline

Feb. 12,2009

silicon layer, and the ohmic contact material are patterned so
that the metal oxide layer of the pixel electrode is exposed.

18. The method of claim 12, wherein in the formation ofthe
gate insulating layer, the semiconductor layer, and the ohmic
contact layer, the gate insulating material, the polycrystalline
silicon layer, and the ohmic contact material are patterned so
thatends of the gate insulating layer, the semiconductor layer,
and the ohmic contact layer have the same pattern.

19. The method of claim 12, further comprising forming a
buffer layer on the substrate.

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

simultaneously forming a gate electrode and a pixel elec-

trode by depositing a material for forming the gate elec-
trode and the pixel electrode on a substrate and pattern-
ing the material to form the gate electrode and the pixel
electrode so that the gate electrode and the pixel elec-
trode are insulated from each other.

21. The method of claim 20, wherein the forming of the
gate electrode and the pixel electrode comprises sequentially
depositing a metal oxide layer and a metal layer on the sub-
strate and patterning the deposited metal oxide layer and
metal layer to form the gate electrode and the pixel electrode,
each of which comprises the metal oxide layer and the metal
layer.

22. The method of claim 20, wherein the forming of the
gate electrode and the pixel electrode comprises sequentially
depositing a metal oxide layer and a metal layer on the sub-
strate and simultaneously removing the metal layer of the
pixel electrode and patterning a semiconductor layer.
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