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(57) ABSTRACT

A thin film transistor (TFT) array substrate is provided that
includes a TFT on a substrate. The TFT can include an active
layer, gate electrode, source electrode, drain electrode, first
insulating layer between the active layer and the gate elec-
trode, and second insulating layer between the gate electrode
and the source and drain electrodes. A pixel electrode is
disposed on the first and second insulating layers. A capacitor
including a lower electrode is disposed on a same layer as the
gate electrode and an upper electrode. A third insulating layer
directly between the second insulating layer and the pixel
electrode and between the lower electrode and the upper
electrode. A fourth insulating layer covers the source elec-
trode, the drain electrode, and the upper electrode, and
exposes the pixel electrode and can further expose a pad
electrode.
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1
THIN FILM TRANSISTOR ARRAY
SUBSTRATE, ORGANIC LIGHT-EMITTING
DISPLAY DEVICE INCLUDING THE SAME,
AND METHOD OF MANUFACTURING THE
ORGANIC LIGHT-EMITTING DISPLAY
DEVICE

BACKGROUND

1. Field

Embodiments disclosed herein relate to a thin film transis-
tor (TFT) array substrate, an organic light-emitting display
device including the same, and a method of manufacturing the
organic light-emitting display device.

2. Description of the Related Art

Flat panel display devices such as organic light-emitting
display devices and liquid crystal display (L.CD) devices
include a thin film transistor (TFT), a capacitor, and a wiring
for connecting the TFT and the capacitor.

SUMMARY

According to an embodiment, there is provided a thin film
transistor (TFT) array substrate, including a TFT disposed on
a substrate, the TFT including an active layer, a gate elec-
trode, a source electrode, a drain electrode, a first insulating
layer disposed between the active layer and the gate electrode,
and a second insulating layer disposed between the gate elec-
trode and the source and drain electrodes, a pixel electrode
disposed on the first insulating layer and the second insulating
layer, the pixel electrode being connected to one of the source
electrode and the drain electrode, a capacitor including a
lower electrode disposed on a same layer as the gate elec-
trode, and including an upper electrode including a same
material as the pixel electrode, a third insulating layer directly
disposed between the second insulating layer and the pixel
electrode and between the lower electrode and the upper
electrode, and a fourth insulating layer that covers the source
electrode, the drain electrode, and the upper electrode, and
exposes the pixel electrode.

The first insulating layer may be commonly disposed over
the active layer and under the lower electrode.

The second insulating layer may not be disposed between
the upper electrode and the lower electrode.

A thickness of the third insulating layer may be less than a
thickness of the second insulating layer.

A thickness of the third insulating layer may be equal to or
ireater than about 500 A and equal to or less than about 2000

A dielectric constant of the third insulating layer may be
higher than a dielectric constant of the first insulating layer.

The third insulating layer may include at least one of SiN,,
Si0,, 7Zr0,, TiO,, Ta, 05, and AL,O,.

The first insulating layer, the second insulating layer, and
the third insulating layer may be sequentially disposed
between the pixel electrode and the substrate. Refractive indi-
ces of adjacent insulating layers of the first through third
insulating layers may be different from each other.

The pixel electrode may include a transparent conductive
oxide (TCO).

The TCO may include at least one of indium tin oxide
(ITO), indium zinc oxide (IZ0), zinc oxide (Zn0O), indium
oxide (In,0;), indium gallium oxide (IGO), and aluminum
zine oxide (AZ0).

The pixel electrode may further include a semi-transmis-
sive metal layer.
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The semi-transmissive metal layer may be disposed on a
layer including the transparent conductive oxide.

The semi-transmissive metal layer may include at least one
of silver (Ag), an Ag alloy, aluminum (Al), and an Al alloy.

The TFT array substrate may further include a protective
layer disposed on the semi-transmissive metal layer.

The protective layer may include a TCO.

Lateral surfaces of the pixel electrode may align with lat-
eral surfaces of the third insulating layer.

Lateral surfaces of the upper electrode may align with
lateral surfaces of the third insulating layer.

A portion of one of the source electrode and the drain
electrode that is connected to the pixel electrode may be
disposed over the pixel electrode.

The source electrode and the drain electrode may include a
material having an etching rate different from an etching rate
of the pixel electrode and the upper electrode.

The TFT array substrate may further include a pad elec-
trode formed of a same material as the source electrode and
the drain electrode.

The pad electrode may be disposed on a same layer as the
source electrode and the drain electrode.

According to an embodiment, there is provided an organic
light-emitting display device, including a TFT disposed on a
substrate, the TFT including an active layer, a gate electrode,
a source electrode, a drain electrode, a first insulating layer
disposed between the active layer and the gate electrode, and
asecond insulating layer disposed between the gate electrode
and the source and drain electrodes, a pixel electrode dis-
posed on the first insulating layer and the second insulating
layer, is the pixel electrode being connected to one of the
source electrode and the drain electrode, a capacitor including
a lower electrode disposed on a same layer as the gate elec-
trode, and including an upper electrode including a same
material as a material of the pixel electrode, a third insulating
layer directly disposed between the second insulating layer
and the pixel electrode and between the lower electrode and
the upper electrode, a fourth insulating layer that covers the
source electrode, the drain electrode, and the capacitor, and
exposes the pixel electrode, an organic light-emitting layer
disposed on the pixel electrode, and a counter electrode dis-
posed on the organic light-emitting layer.

The counter electrode may be a reflective electrode that
reflects light emitted by the organic light-emitting layer.

According to an embodiment, there is provided a method
of manufacturing a TFT array substrate, the method including
forming a semiconductor layer on a substrate and forming an
active layer of a TFT by patterning the semiconductor layer
using a first mask process, forming a first insulating layer,
stacking a first conductive layer on the first insulating layer,
and forming a gate electrode of the TFT and a lower electrode
of a capacitor by patterning the first conductive layer using a
second mask process, forming a second insulating layer, and
forming an opening in the second insulating layer using a
third mask process to expose a source region and a drain
region of the active layer and an upper electrode of the capaci-
tor, sequentially forming a third insulating layer and a second
conductive layer on a resultant structure of the third mask
process, and forming a pixel electrode, the upper electrode,
and a dielectric film that is directly disposed on the lower
electrode by simultaneously or sequentially patterning the
third insulating layer and the second conductive layer using a
fourth mask process, forming a third conductive layer on a
resultant structure of the fourth mask process, and forming a
source electrode and a drain electrode by patterning the third
conductive layer using a fifth mask process, and forming a
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fourth insulating layer and removing using portion of the
fourth insulating layer to expose the pixel electrode using a
sixth mask process.

The method may further include doping the source region
and the drain region with ion impurities after forming the gate
electrode using the second mask process.

The fourth mask process may include a first etching pro-
cess to etch the third insulating layer, and a second etching
process to etch the second conductive layer.

The third conductive layer may include a material having
an etching rate different from an etching rate of a material of
the second conductive layer.

The method may further include forming a pad electrode
including the same material as the source electrode and the
drain electrode using the fifth mask process.

The second conductive layer may be formed by sequen-
tially stacking a transparent conductive layer and a semi-
transmissive conductive layer.

The method may further include forming a protective layer
on the semi-transmissive conductive layer.

The third insulating layer may be formed to have a thick-
ness less than a thickness of the second insulating layer.

The third insulating layer may be formed of a material
having a dielectric constant higher than a dielectric constant
of the first insulating layer.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features will become more apparent to
those of ordinary skill in the art by describing in detail exem-
plary embodiments with reference to the attached drawings,
in which:

FIG. 1 illustrates a cross-sectional view depicting an
organic light-emitting display device according to an embodi-
ment;

FIGS.2A and 2B illustrate cross-sectional views depicting
a first mask process of a method of manufacturing organic
light-emitting display device;

FIGS. 3A and 3B illustrate cross-sectional views depicting
a second mask process of the method of manufacturing the
organic light-emitting display device;

FIGS. 4A and 4B illustrate cross-sectional views depicting
a third mask process of the method of manufacturing the
organic light-emitting display device;

FIGS. 5A and 5B illustrate cross-sectional views depicting
a fourth mask process of the method of manufacturing the
organic light-emitting display device;

FIGS. 6 A and 6B illustrate cross-sectional views depicting
a fifth mask process of the method of manufacturing the
organic light-emitting display device;

FIGS.7A and 7B illustrate cross-sectional views depicting
a sixth mask process of the method of manufacturing the
organic light-emitting display device; and

FIG. 8 illustrates a cross-sectional view depicting an
organic light-emitting display device according to another
embodiment.

DETAILED DESCRIPTION

Korean Patent Application No. 10-2011-0070027, filed on
Jul. 14, 2011, in the Korean Intellectual Property Office, and
entitled: “Thin Film Transistor Array Substrate, Organic
Light-Emitting Display Device Including the Same, and
Method of Manufacturing the Organic Light-Emitting Dis-
play Device,” is incorporated by reference herein in its
entirety.
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Example embodiments will now be described more fully
hereinafter with reference to the accompanying drawings;
however, they may be embodied in different forms and should
not be construed as limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully
convey the scope to those skilled in the art.

In the drawing figures, the dimensions of layers and
regions may be exaggerated for clarity of illustration. It will
also be understood that when a layer or element is referred to
as being “on” another layer or substrate, it can be directly on
the other layer or substrate, or intervening layers may also be
present. Further, it will be understood that when a layer is
referred to as being “under” another layer, it can be directly
under, and one or more intervening layers may also be
present. In addition, it will also be understood that when a
layer is referred to as being “between” two layers, it can be the
only layer between the two layers, or one or more intervening
layers may also be present. Like reference numerals refer to
like elements throughout.

FIG. 1 illustrates a cross-sectional view depicting an
organic light-emitting display device 1 according to an
embodiment.

Referring to FIG. 1, a substrate 10 of the organic light-
emitting display device 1 may include a pixel region PXL1 in
which at least one organic light-emitting layer 120 may be
disposed, a thin film transistor (TFT) region TFT1 in which at
least one TFT may be disposed, a capacitor region CAP1 in
which at least one capacitor may be disposed, and a pad
region PAD1 in which a pad electrode 418 may be disposed.

An active layer 212 of the TFT may be disposed on the
substrate 10 and a buffer layer 11 may be disposed in the
transistor region TFT1.

The substrate 10 may be a transparent substrate such as a
glass substrate or a plastic substrate including polyethylene
terephthalate (PET), polyethylene naphthalate (PEN), poly-
imide, or the like.

In order to planarize the substrate 10 and prevent impurity
elements from penetrating into the substrate 10, the buffer
layer 11 may be disposed on the substrate 10. The buffer layer
11 may have a single-layer structure or a multiple-layer struc-
ture including silicon nitride and/or silicon oxide.

The active layer 212 may be disposed on the buffer layer
11. The active layer 212 may be formed of a semiconductor
including amorphous silicon or crystalline silicon, and may
include a channel region 212¢, and a source region 212a and
a drain region 2125 formed by doping portions around the
channel region 212¢ with ion impurities.

A gate electrode 214 may be disposed on the active layer
212 to correspond to the channel region 212¢ of the active
layer 212. A first insulating layer 13, which may be a gate
insulating film, may be disposed between the gate electrode
214 and the active layer 212. The gate electrode 214 may have
a single-layer structure or a multi-layer structure including at
least one metal selected from aluminum (Al), platinum (Pt),
palladium (Pd), silver (Ag), magnesium (Mg), gold (Au),
nickel (N1), neodymium (Nd), iridium (Ir), chromium (Cr),
lithium (L1i), calcium (Ca), molybdenum (Mo), titanium (Ti),
tungsten (W), and copper (Cu).

A source electrode 2184 and a drain electrode 2185 may be
disposed on the gate electrode 214 to be respectively con-
nected to the source region 212a and the drain region 2125 of
the active layer 212. A second insulating layer 15, which may
be an interlayer insulating film, may be disposed between the
source electrode 218a and the drain electrode 2185 and the
active layer 212. The source electrode 218a and the drain
electrode 2185 may have a single-layer structure or a multi-



US 9,000,444 B2

5

layer structure including at least one metal selected from Al,
Pt, Pd, Ag, Mg, Au, Ni, Nd, Ir, Cr, Li, Ca, Mo, Ti, W, and Cu.

A fourth insulating layer 19 may be disposed on the second
insulating layer 15 to cover the source electrode 2184 and the
drain electrode 2184.

The first insulating layer 13 may be used as a gate insulat-
ing film. The second insulating layer 15 may be used as an
interlayer insulating film inthe TFT region TFT 1. Each of the
first insulating layer 13 and the second insulating layer 15
may be an inorganic insulating film. The inorganic insulating
film may include SiO,, SiN,, SiON, AL,O,, TiO,, Ta,O;,
HfO,, ZrO,, barium strontium titanate (BST), lead zirconium
titanate (PZT), or the like.

The first insulating layer 13, which may be used as a gate
insulating film, is not used as a dielectric film of the capacitor,
as will be explained below. Accordingly, the first insulating
layer 13 may be designed appropriately according to charac-
teristics of a gate insulating film of the TFT without consid-
ering dielectric constant-related characteristics of the capaci-
tor. For example, if silicon nitride (SiN_ ), which is often used
as a dielectric film of a capacitor in order to increase an
electrostatic capacitance, were to be also used as a gate insu-
lating film of the TFT, leakage current may occur in the TFT.
However, according to the present embodiment, a dielectric
film of the capacitor and a gate insulating film of the TFT may
be separately formed, as shown in FIG. 1. The dielectric film
and the gate insulating film may be selected in consideration
of only the characteristics of the capacitor and the TFT,
respectively.

In the pixel region PXL1, a pixel electrode 117 formed of
the same material as an upper electrode 317 of the capacitor,
which will be explained below, may be disposed on the sub-
strate 10, the buffer layer 11, the first insulating layer 13, and
the second insulating layer 15.

A third insulating layer 116 may be disposed between the
pixel electrode 117 and the second insulating layer 15. The
buffer layer 11, the first insulating layer 13, the second insu-
lating layer 15, and the third insulating layer 116 may be
sequentially disposed, from the substrate 10 toward the pixel
electrode 117, between the pixel electrode 117 and the sub-
strate 10.

The insulating layers disposed between the substrate 10
and the pixel electrode 117, that is, the buffer layer 11, the first
insulating layer 13, the second insulating layer 15, and the
fourth insulating layer 19, may be formed to have different
refractive indices. Insulating layers having different refrac-
tive indices may be alternately disposed to function as a
distributed Bragg reflector (DBR). Accordingly, the efficient
use of light emitted by a light-emitting layer 119 may be
improved.

Although the buffer layer 11, the first insulating layer 13,
the second insulating layer 15, and the third insulating layer
116 may be formed as individual single layers, as shown in
FIG. 1, it is also possible for the buffer layer 11, the first
insulating layer 13, the second insulating layer 15, and the
third insulating layer 116 to have multi-layer structures.

The pixel electrode 117 may be directly disposed on the
third insulating layer 116. The third insulating layer 116 and
the pixel electrode 117 may be patterned by using the same
mask in the same mask process. Accordingly, the third insu-
lating layer 116 and the pixel electrode 117 may share the
same etched lateral surface. For example, lateral surfaces of
the third insulating layer 116 may align with lateral surfaces
of the pixel electrode 117.

The pixel electrode 117 may be formed of a transparent
conductive material so that light may be emitted toward the
pixel electrode 117. The transparent conductive material may
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6

include at least one of indium tin oxide (ITO), indium zinc
oxide (IZ0O), zinc oxide (ZnO), indium oxide (In,0;), indium
gallium oxide (IGO), and aluminum zinc oxide (AZ0O).

An organic light-emitting layer 120 may be formed on the
pixel electrode 117, and light emitted by the organic light-
emitting layer 120 may be emitted through the pixel electrode
117 formed of a transparent conductive material toward the
substrate 10.

The fourth insulating layer 19 may be formed around the
pixel electrode 117. An opening C3 through which the pixel
electrode 117 is exposed may be formed in the fourth insu-
lating layer 19. The organic light-emitting layer 120 may be
disposed in the opening C3.

The organic light-emitting layer 120 may be formed of a
low molecular weight organic material or a high molecular
weight organic material. If the organic light-emitting layer
120 is formed of a low molecular weight organic material, a
hole transport layer (HTL), a hole injection layer (HIL), an
electron transport layer (ETL), an electron injection layer
(EIL), and so on, may be stacked around the organic light-
emitting layer 120. Other various layers may also be stacked.
Examples of the low molecular weight organic material may
include copper phthalocyanine (CuPc), N.N-di(naphthalene-
1-y])-N,N'-diphenyl-benzidine (NPB), and tris-8-hydrox-
yquinoline aluminum (Alg3). If the organic light-emitting
layer 120 is formed of a high molecular weight organic mate-
rial, an HTL may be provided in addition to the organic
light-emitting layer 120. The HTL may be formed of poly-
(3,4)-ethylene-dihydroxy thiophene (PEDOT), polyaniline
(APNI), or the like. Examples of the high molecular weight
organic material may include a poly-phenylenevinylene
(PPV)-based high molecular weight organic material and a
polyfluorene-based high molecular weight organic material.
Also, an inorganic material may be further disposed between
the organic light-emitting layer 120, the pixel electrode 117,
and a counter electrode 121.

The counter electrode 121 may be disposed as a common
electrode on the organic light-emitting layer 120. In the
organic light-emitting display device 1 of FIG. 1, the pixel
electrode 117 may operate as an anode and the counter elec-
trode 121 operates as a cathode. It is also possible for the pixel
electrode 117 to operate as a cathode and the counter elec-
trode 121 to operate as an anode.

The counter electrode 121 may be a reflective electrode
including a reflective material. The counter electrode 121
may include at least one of Al, Mg, Li, Ca, LiF/Ca, and
LiF/Al. If the counter electrode 121 is a reflective electrode,
light emitted by the organic light-emitting layer 120 may be
reflected by the counter electrode 121 and may be transmitted
through the pixel electrode 117 formed of a transparent con-
ductive material toward the substrate 10.

The fourth insulating layer 19 covering the portions around
the pixel electrode 117 may function as a pixel defining film
between the pixel electrode 117 and the counter electrode
121.

The fourth insulating layer 19 may be an organic insulating
film. The fourth insulating layer 19 may include a commercial
polymer such as polymethyl methacrylate (PMMA) or poly-
styrene (PS), a polymer derivative having a phenol group, an
acryl-based polymer, an imide-based polymer, an acryl ether-
based polymer, an amide-based polymer, a fluorine-based
polymer, a p-xylene-based polymer, a vinyl alcohol-based
polymer, a blend thereof, or the like.

The fourth insulating layer 19 may cover the source elec-
trode 218a and the drain electrode 2185 of the TFT. One of the
source electrode 2184 and the drain electrode 2185 may be
electrically connected to the pixel electrode 117. Although
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the source electrode 128a is shown as being connected to the
pixel electrode 117 in FIG. 1, it is also possible for the pixel
electrode 117 to be electrically connected to the drain elec-
trode 218b.

A portion of one of the source electrode 218a and the drain
electrode 2185 connected to the pixel electrode 117 may be
disposed over the pixel electrode 117. As described below, the
source electrode 2184 and the drain electrode 2185 are pat-
terned after the pixel electrode 117 has been patterned.
Accordingly, the source electrode 218a and the drain elec-
trode 2185 may be formed of a material having an etching rate
different from that of the pixel electrode 117.

In the capacitor region CAP1, a lower electrode 314 of the
capacitor, which may be formed of the same material as the
gate electrode 214 of the TFT, the upper electrode 317 of the
capacitor, which may be formed of the same material as the
pixel electrode 117, and a third insulating layer 316 directly
disposed between the lower electrode 314 and the upper
electrode 317 may be disposed on the substrate 10 and the
buffer layer 11.

The second insulating layer 15 may be disposed between
the gate electrode 214 of the TFT and the source electrode
218a and the drain electrode 2185. The second insulating
layer 15 is not disposed between the upper electrode 317 and
the lower electrode 314 of the capacitor. Accordingly, the
second insulating layer 15 does not mainly function as a
dielectric film of the capacitor. For example, as shown in FIG.
1, the second insulating layer 15 may slightly overlap with an
outer portion of the lower electrode 314. As described below,
the overlapped outer portion may be left when an opening C2
(see FIG. 4B), through which the lower electrode 314 is
exposed, is formed by patterning the second insulating layer
15.

If the lower electrode 314 of the capacitor were to be
entirely exposed when the second insulating layer 15 is pat-
terned, a leakage current may occur between the lower elec-
trode 314 and the upper electrode 317 formed on the third
insulating layer 316. Accordingly, the second insulating layer
15 may partially cover the outer portion of the lower electrode
314 without entirely exposing the lower electrode 314. A
leakage current may be prevented from occurring between the
upper electrode 317 and the lower electrode 314.

The second insulating layer 15, which may function as an
interlayer insulating film of the TFT, may be designed to have
athickness equal to or greater than a predetermined thickness
in consideration of characteristics of the TFT. Since an elec-
trostatic capacitance of a capacitor typically decreases as a
thickness of a dielectric film increases, if the dielectric film
were to have the same thickness as that of the interlayer
insulating film, the electrostatic capacitance may decrease.

The second insulating layer 15 shown in FIG. 11s not used
as a dielectric film of the capacitor. The third insulating layer
316, which may be used as a dielectric film, may be thinner
than the second insulating layer 15. Accordingly, an electro-
static capacitance may be prevented from being reduced. An
appropriate electrostatic capacitance may be maintained
when a thickness of the third insulating layer 316 is equal to
or greater than about 500 A and equal to or less than about
2000 A.

The third insulating layer 316, which may be used as a
dielectric film, may be formed of an insulating material hav-
ing a high dielectric constant. As described above, the third
insulating layer 316 may be separately formed from the first
insulating layer 13 which is a gate insulating film. An elec-
trostatic capacitance may increase when the third insulating
layer 316 is formed of a material having a dielectric constant
higher than that of the first insulating layer 13. An electro-
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static capacitance may thereby increase without increasing an
area of the capacitor. Accordingly, an area of the pixel elec-
trode 117 may be relatively increased, and thus, an aperture
ratio of the organic light-emitting display device 1 may be
increased.

The third insulating layer 316 may be an inorganic insu-
lating film. For example, the third insulating layer 316 may
include at least one of Si0,, SiN, SiON, Al, O, TiO,, Ta,O;,
HfO,, ZrO,, BST, and PZT.

Also, as described below. the upper electrode 317 and the
third insulating layer 316 may be patterned in the same mask
process. The upper electrode 317 and the third insulating
layer 316 may have the same etched surface. For example,
lateral surfaces of the upper electrode 317 may line up with
lateral surfaces of the third insulating layer 316.

The fourth insulating layer 19 may be disposed on the
upper electrode 317. The fourth insulating layer 19 may be an
organic insulating film. The fourth insulating layer 19 may
include an organic insulating material having a low dielectric
constant and may be disposed between the counter electrode
121 and the upper electrode 317. Accordingly, a parasitic
capacitance, which may be formed between the counter elec-
trode 121 and the upper electrode 317, may be reduced, and
thus, signal interference due to the parasitic capacitance may
be prevented.

The pad region PAD1 in which the pad electrode 418,
which is a connection terminal of an external drive, may be
disposed in an outer region of the organic light-emitting dis-
play device 1.

InFIG. 1, the pad electrode 418 may be formed of the same
material as the source electrode 218a and the drain electrode
218b. Also, the pad electrode 418 may be disposed on the
same layer as the source electrode 218a and the drain elec-
trode 2185. The pad electrode 418 is directly disposed on the
second insulating layer 15.

The pad electrode 418 is formed after the gate electrode
214, the pixel electrode 117, and the upper electrode 317 are
formed. Accordingly, a material for forming the gate elec-
trode 214, the pixel electrode 117, or the upper electrode 317
is notlocated over the pad electrode 418. The reliability of the
pad electrode 418 may be prevented from being reduced in a
process of locating a material for forming the gate electrode
214, the pixel electrode 117, or the upper electrode 317 on the
pad electrode 418 or removing such material from the pad
electrode 418.

Although not shown in FIG. 1, the organic light-emitting
display device 1 may further include an encapsulation mem-
ber (not shown) for encapsulating a display region including
the pixel region PXL1, the capacitor region CAP1, and the
TFT region TFT1. The encapsulation member may be formed
as a substrate including a glass material, a metal film, or an
encapsulation thin film by alternately disposing an organic
insulating film and an inorganic insulating film.

A method of manufacturing the organic light-emitting dis-
play device 1 according to an embodiment will be explained
with reference to FIGS. 2A through 7B.

FIGS. 2A and 2B illustrate cross-sectional views depicting
a first mask process of the method of manufacturing the
organic light-emitting display device 1.

Referring to FIG. 2A, the buffer layer 11 and the semicon-
ductor layer 12 may be sequentially formed on the substrate
10.

The buffer layer 11 and the semiconductor layer 12 may be
deposited by using any of various deposition methods such as
plasma enhanced chemical vapor deposition (PECVD),
atmospheric pressure CVD (APCVD), and low pressure
CVD (LPCVD).
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The semiconductor layer 12 may be formed of amorphous
silicon or crystalline silicon. The crystalline silicon may be
formed by crystallizing the amorphous silicon. Examples ofa
method of crystallizing amorphous silicon may include rapid
thermal annealing (RTA), solid phase crystallization (SPC),
excimer laser annealing (ELA), metal induced crystallization
(MIC), metal induced lateral crystallization (MILC), or
sequential lateral solidification (SLS).

A first photoresist PR1 may be applied to the semiconduc-
tor layer 12, and the first mask process may be performed by
using a first photomask M1 including a light-blocking portion
M11 and a light-transmitting portion M12. Although not
shown, after exposure is performed by using an exposure
device (not shown), a series of steps such as developing,
etching, and stripping or ashing may be performed.

FIG. 2B illustrates a cross-sectional view depicting a
resultant structure of the first mask process.

Referring to FIG. 2B, a portion of the semiconductor layer
12 corresponding to the light-blocking portion M11 of the
first photomask M1 may be patterned to form the channel
region 212¢ of the active layer 212 of the TFT.

FIGS. 3A and 3B illustrate cross-sectional views depicting
a second mask process of the method of manufacturing the
organic light-emitting display device 1.

Referring to FIG. 3A, the first insulating layer 13 and the
first conductive layer 14 may be sequentially formed on the
resultant structure of the first mask process of FIG. 2B.

The first insulating layer 13 may be an inorganic insulating
film formed of at least one of SiO,, SiN_, SiON, Al,0O,, TiO,,
Ta,O5, HFO,, ZrO,, BST, and PZT. The first conductive layer
14 may have a single-layer structure or a multi-layer structure
formed of at least one metal selected from Al, Pt, Pd, Ag, Mg,
Au, Ni, Nd, Ir, Cr, Li, Ca, Mo, Ti, W, and Cu.

A second photoresist PR2 may be applied to the first con-
ductive layer 14. The second mask process may be performed
by using a second photomask M2 including light-blocking
portions M21T and M21C and a light-transmitting portion
M22.

FIG. 3B illustrates a cross-sectional view depicting a
resultant structure of the second mask process.

Referring to FIG. 3B, a portion of the first conductive layer
14 corresponding to the light-blocking portion M21T of the
second mask M2 may be patterned to form the gate electrode
214 of the TFT. A portion of the first conductive layer 14
corresponding to the light-blocking portion M21C may be
patterned to form the lower electrode 314 of the capacitor.

While the portion of the first insulating layer 13 that is
disposed between the gate electrode 214 and the active layer
212 of the TFT may function as a gate insulating film, the
portion of the first insulating layer 13 that is disposed under
the lower electrode 314 does not function as a dielectric film
of the capacitor. Accordingly, a material of the first insulating
layer 13 may be selected in consideration of only character-
istics of the TFT without considering characteristics of the
capacitor.

The resultant structure of the second mask process may be
doped with ion impurities. The ion impurities may be B ion
impurities or P ion impurities. The resultant structure may be
doped by using the active layer 212 of the TFT as a target and
providing a doping amount of 1x10'° atoms/cm? or more.

The active layer 212 may include the source and drain
regions 212a and 2125 and the channel region 212¢ disposed
between the source and drain regions 212a and 21254. The
source and drain regions 212a and 2125 may be doped with
ion impurities by using the gate electrode 214 as a self-
aligned mask.
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Meanwhile, although not shown in FIGS. 3A and 3B, a
wiring such as a scan line connected to the gate electrode 214
may also be formed by patterning the first conductive layer 14
in the second mask process.

FIGS. 4A and 4B illustrate cross-sectional views depicting
a third mask process of the method of manufacturing the
organic light-emitting display device 1.

Referring to FIG. 4A, the second insulating layer 15 may
be formed on the resultant structure of the second mask pro-
cess of FIG. 3B.

The second insulating layer 15 may be an inorganic insu-
lating film formed of at least one of Si0,, SiN_, SiON, Al,0O;,
TiO,, Ta,05, HfO,, Zr0,, BST, and PZT. For example, the
first second insulating layer 15 may be formed of a material
having a refractive index different from that of a material of
the first insulating layer 13.

A third photoresist PR3 may be applied to the second
insulating layer 15. The third mask process may be performed
by using a third photomask M3 including a light-blocking
portion M31 and light-transmitting portions M32T and
M32C.

FIG. 4B illustrates a cross-sectional view depicting a
resultant structure of the third mask process.

Referring to FIG. 4B, a portion of the second insulating
layer 15 corresponding to the light-transmitting portion
M32T of the third photomask M3 may be formed to include
an opening C1 through which the source region 212« and the
drain region 2126 of the active layer 212 are partially
exposed, and a portion of the second insulating layer 15
corresponding to the light-transmitting portion M32C may be
patterned to form the opening C2 through which the lower
electrode 314 of the capacitor is exposed.

FIGS. 5A and 5B illustrate cross-sectional views depicting
a fourth mask process of the method of manufacturing the
organic light-emitting display device 1.

Referring to FIG. 5A, a third insulating layer 16 and a
second conductive layer 17 may be sequentially formed on
the resultant structure of the third mask process of FIG. 4B.
The third insulating layer 16 and the second conductive layer
17 may be sequentially stacked on the upper electrode 314 of
the capacitor and the second insulating layer 15.

The third insulating layer 16 may be an inorganic insulat-
ing film formed of a material selected from the group con-
sisting of Si0,, SiN, SiON, Al,0;, TiO,, Ta,05, HfO,, Z1r0,,
BST, and PZT. The third insulating layer 16 may be formed of
a material having a refractive index different from refractive
indices of the first insulating layer 13 and the second insulat-
ing layer 15.

The second conductive layer 17 may be formed of a trans-
parent conductive oxide. For example, the second conductive
layer 17 may be formed of a material selected from the group
consisting of ITO, IZ0, Zn0, In,0,, IGO, and AZO.

A fourth photoresist PR4 may be applied to the second
conductive layer 17. The fourth mask process may be per-
formed by using a fourth photomask M4 including light-
blocking portions M41X and M41C and a light-transmitting
portion M42.

FIG. 5B illustrates a cross-sectional view depicting a
resultant structure of the fourth mask process.

Referring to FIG. 5B, portions of the third insulating layer
16 and the second conductive layer 17 corresponding to the
light-blocking portion M41X of the fourth photomask M4
may be patterned to form the pixel electrode 117 and the third
insulating layer 116 disposed under the pixel electrode 117.
Portions of the third insulating layer 16 and the second con-
ductive layer 17 corresponding to the light-blocking portion



US 9,000,444 B2

11

M41C may be patterned to form the dielectric film 316 and
the upper electrode 317 of the capacitor.

Although the third insulating layer 16 and the second con-
ductive layer 17 may be patterned in the same mask process,
etching may be performed two times. An etching the third
insulating layer 16 and an etching of the second conductive
layer 17 may be separately performed.

The third insulating layer 16 and the second conductive
layer 17 may be etched in the same mask process, etched
surfaces of the third insulating layer 16 and the second con-
ductive layer 17. Etched surfaces of the third insulating layer
116 and the pixel electrode 117 may be identical to each other
and etched surfaces of the dielectric film 316 and the upper
electrode 317 may also be identical to each other. The pixel
electrode 117 and the upper electrode 317 may function as
etch masks when the third insulating layer 116 disposed
under the pixel electrode 117 and the dielectric film 316 are
etched, and thus, etched surfaces thereof may be substantially
identical to each other. For example, lateral surfaces of the
pixel electrode 317 may align with lateral surfaces of the third
insulating layer 116, and lateral surfaces of the dielectric film
316 may align with lateral surfaces of the upper electrode
317.

The third insulating layer 16 may be directly disposed
between the upper electrode 317 and the lower electrode 314.
Accordingly, the third insulating layer 16 may function as the
dielectric film 316 of the capacitor. The third insulating layer
16 is not located in the TFT. Accordingly, the third insulating
layer 16 does not function as a gate insulating film. A material
or a thickness of the third insulating layer 16 may be selected
in consideration of only the characteristics of the capacitor
without considering the characteristics of the TFT. Accord-
ingly, the degree of design freedom is increased.

FIGS. 6 A and 6B illustrate cross-sectional views depicting
a fifth mask process of the method of manufacturing the
organic light-emitting display device 1.

Referring to FIG. 6A, a third conductive layer 18 may be
formed on the resultant structure of the fourth mask process of
FIG. 5B. The third conductive layer 18 may be filled in the
opening C1 through which the source region 212a and the
drain region 2125 are exposed.

The third conductive layer 18 may have a single-layer
structure or a multi-layer structure and may be formed of at
least one metal selected from Al, Pt, Pd, Ag, Mg, Au, Ni, Nd,
Ir, Cr, Li, Ca, Mo, Ti, W, and Cu.

A fifth photoresist PRS may be applied to the third conduc-
tive layer 18. The fifth mask process may be performed by
using a fifth photomask M5 including light-blocking portions
M51T and M51P and a light-transmitting portion M52.

FIG. 6B illustrates a cross-sectional view depicting a
resultant structure of the fifth mask process.

Referring to FIG. 6B, portions of the third conductive layer
18 corresponding to the light-blocking portion M51T of the
fifth photomask MS may be patterned to form the source
electrode 218a and the drain electrode 2184 respectively con-
nected to the source region 212a and the drain region 2125 of
the active layer 212 through the opening C1. A portion of the
third conductive layer 18 corresponding to the light-blocking
portion M51P may be patterned to form the pad electrode 418
of the pad region.

When the third conductive layer 18 is etched in order to
form the source electrode 218a and the drain electrode 2185,
the pixel electrode 117 and the upper electrode 317 may also
be exposed to an etchant for etching the third conductive layer
18. Accordingly, the third conductive layer 18 may be formed
of a material having an etching rate different from the etching
rates of the pixel electrode 117 and the upper electrode 317.
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One of the source electrode 2184 and the drain electrode
218 may be electrically connected to the pixel electrode 117.
The source electrode 2184 and the drain electrode 218 may
be patterned after the pixel electrode 117 is formed in FIGS.
6A and 6B. Accordingly, a portion of one of the source elec-
trode 218a or the drain electrode 2185 connected to the pixel
electrode 117 may be formed over the pixel electrode 117.

Although not shown, a wiring such as a data line connected
to the source electrode 2184 and/or the drain electrode 2185
may be formed by patterning the third conductive layer 18 in
the fifth mask process.

FIGS. 7A and 7B illustrate cross-sectional views depicting
a sixth mask process of the method of manufacturing the
organic light-emitting display device 1.

Referring to FIG. 7A, the fourth insulating layer 19 may be
applied to the resultant structure of the fifth mask process of
FIG. 6B. The fourth insulating layer 19 may be an organic
insulating film. In particular, if the fourth insulating layer 19
is a photosensitive organic insulating film, use of an addi-
tional photoresist may not be necessary.

The sixth mask process may be performed by using a sixth
photomask M6 including a light-blocking portion M61 and
light-transmitting portions M62X and M62P.

FIG. 7B illustrates a cross-sectional view depicting a
resultant structure of the sixth mask process.

Referring to FIG. 7B, a portion of the fourth insulating
layer 19 corresponding to the light-transmitting portion
M62X may be removed to form the opening C3 through
which the pixel electrode 117 is partially exposed. A portion
of the fourth insulating layer 19 corresponding to the light-
transmitting portion M62P may be removed to form the open-
ing C4 through which the pad electrode 418 is partially
exposed.

The opening C3 through which the pixel electrode 117 is
exposed not only may define a light-emitting region but also
may increase an interval between the counter electrode 121
(see FIG. 1) and an edge of the pixel electrode 117. Accord-
ingly, an electric field may be prevented from concentrating
on the edge of the pixel electrode 117 and a short circuit may
be prevented from occurring between the pixel electrode 117
and the counter electrode 120.

Although not shown, the organic light-emitting device 1 of
FIG. 1 may be formed by forming the organic light-emitting
layer 120 on the pixel electrode 117 and forming the counter
electrode 121 (see FIG. 1), which may be a common elec-
trode, on the organic light-emitting layer 120 after the sixth
mask process. Also, an encapsulation member (not shown)
may be further formed on the counter electrode 121 (see FIG.
1).

An organic light-emitting display device 2 according to
another embodiment will be explained with reference to FIG.
8 by focusing on a difference from the organic light-emitting
display device 1 of FIG. 1.

FIG. 8 illustrates a cross-sectional view depicting the
organic light-emitting display device 2 according to another
embodiment.

Referring to FIG. 8, the substrate 10 of the organic light-
emitting display device 2 includes a pixel region PXL2 in
which at least one organic light-emitting layer 119 may be
disposed, a TFT region TFT2 in which at least one TFT may
be disposed, a capacitor region CAP2 in which at least one
capacitor may be disposed, and a pad region PAD2 in which
at least one pad electrode 418 may be disposed. The TFT
region TFT2 and the pad region PAD2 may be the same as the
TFT region TFT1 and the pad region PAD1 of the organic
light-emitting display device 1.
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In the pixel region PX1.2, a pixel electrode 117-1, formed
of the same material as the upper electrode 317 of the capaci-
tor, may be disposed on the substrate 10, the buffer layer 11,
the first insulating layer 13, the second insulating layer 15,
and the third insulating layer 116.

If the organic light-emitting display device 2 is a bottom-
emission organic light-emitting display device, the pixel elec-
trode 117-1 may be a transparent electrode and the counter
electrode 121 may be a reflective electrode.

The organic light-emitting layer 119 may be formed on the
pixel electrode 117-1, and light emitted by the organic light-
emitting layer 119 may be emitted through the pixel electrode
117-1 formed of a transparent conductive material toward the
substrate 10.

The pixel electrode 117-1 of the organic light-emitting
display device 2 may have a multi-layer structure including a
transparent conductive layer 117a and a semi-transmissive
metal layer 1175 disposed on the transparent conductive layer
117a.

The counter electrode 121 may function as a reflective
mirror and the semi-transmissive metal layer 1175 may func-
tion as a semi-transmissive mirror. Light emitted by the
organic light-emitting layer 119 may resonate between the
counter electrode 121 and the semi-transmissive metal layer
1175.

Accordingly, light use efficiency of the organic light-emit-
ting display device 2 may be further improved by a resonance
effect due to a mirror effect as well as a resonance effect due
to a DBR effect of the first through third insulating layers 13,
15, and 116, which may be disposed under the pixel electrode
117-1.

The semi-transmissive metal layer 1175 may be formed of
at least one material selected from Ag, an Ag alloy, Al, and an
Al alloy. Inorderto act as a resonant mirror with respect to the
counter electrode 121, which may be a reflective electrode,
the semi-transmissive metal layer 1175 may have a thickness
equal to or less than about 300 A.

In particular, if the semi-transmissive metal layer 1175
includes silver (Ag), since the source electrode 218a and the
drain electrode 218b may be formed after the semi-transmis-
sive metal layer 1175 is formed, the semi-transmissive metal
layer 1175 including Ag may be damaged when the source
electrode 218a and the drain electrode 21856 are etched.
Accordingly, a protective layer 117¢ for protecting the Ag
may be further provided on the semi-transmissive metal layer
117b. The protective layer 117¢ may be formed of a transpar-
ent conductive oxide including ITO or the like.

The pixel electrode 117-1 including the semi-transmissive
metal layer 1175 may be patterned in the fourth mask process.
The pixel electrode 117-1 may be patterned alone when
another conductive layer does not exist over the pixel elec-
trode 117-1.

If another conductive layer (not shown) is further formed
over the pixel electrode 117-1 and the conductive layer and
the pixel electrode 117-1 are simultaneocusly patterned to
have the same pattern, it may not be easy to etch the pixel
electrode 117-1. In particular, if the semi-transmissive metal
layer 1175 includes Ag, since the semi-transmissive metal
layer 1175 may be easily damaged, it may be difficult to form
aresonant structure using a mirror effect. However, as shown
in FIG. 8, the pixel electrode 117-1 may be patterned alone to
function as a semi-transmissive mirror having a resonant
structure. Accordingly, it may be easy to form a resonant
mirror.

The pixel electrode 117-1 and the upper electrode 317 of
the capacitor of the organic light-emitting display device 2
may be formed of the same material. Although not shown, the
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upper electrode 317 may include a transparent conductive
layer, a semi-transmissive metal layer, and a protective layer
which are sequentially disposed from the bottom, like the
pixel electrode 117-1.

By way of summation and review, in the formation of aflat
panel display devicea TFT, a capacitor, and a wiring are finely
patterned on a substrate. In order to form sucha fine pattern on
the substrate, photolithography is often used to transfer a
pattern by using a mask.

Photolithography involves uniformly applying a photore-
sistto a substrate on which a pattern is to be formed, exposing
the photoresist by using exposure equipment such as a step-
per, developing the photoresist if the photoresist is a positive
photoresist, etching the pattern formed on the substrate by
using a remaining part of the photoresist, and removing an
unnecessary remaining part of the photoresist after the pattern
is formed.

A mask including a desired pattern may be prepared in
advance when photolithography is used, and the cost for
preparing the mask increases the cost for manufacturing a flat
panel display device. Also, when complicated steps are per-
formed, the manufacturing process of the flat display device
may become complex and the manufacturing time may
increase, and thus, the general manufacturing costs of the flat
display device may increase.

Embodiments disclosed herein may provide a thin film
transistor (TFT) array substrate and an organic light-emitting
display device including the TFT array substrate that may be
manufactured by a method that uses a simple manufacturing
process. The light emitting display device may have excellent
signal transmission characteristics.

In more detail, a TFT array substrate, an organic light-
emitting display device including the same, and a method of
manufacturing the organic light-emitting display device
including the TFT array substrate according to the present
embodiments provide the following effects.

A dielectric film of a capacitor and a gate insulating film of
a TFT may be formed as separate insulating layers. Accord-
ingly, the insulating layers may be designed appropriately
according to characteristics of the capacitor and characteris-
tics of the TFT, respectively.

A thickness of the dielectric film of the capacitor may be
easily controlled. Accordingly, an aperture ratio may be
increased.

A resonant mirror may be patterned from only a pixel
electrode, without a conductive layer stacked on the pixel
electrode that is used as a semi-transmissive mirror of a reso-
nant structure. Accordingly, a resonant mirror may be easily
provided.

A pad electrode may be formed in a post-process. Accord-
ingly, the reliability of the pad electrode may be prevented
from being lowered.

The TFT array substrate and the organic light-emitting
display device may be manufactured by performing only 6
mask processes.

Example embodiments have been disclosed herein, and
although specific terms are employed, they are used and are to
be interpreted in a generic and descriptive sense only and not
for purpose of limitation. In some instances, as would be
apparent to one of ordinary skill in the art as of the filing of the
present application, features, characteristics, and/or elements
described in connection with a particular embodiment may be
used singly or in combination with features, characteristics,
and/or elements described in connection with other embodi-
ments unless otherwise specifically indicated. Accordingly, it
will be understood by those of skill in the art that various
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changes in form and details may be made without departing
from the spirit and scope thereof as set forth in the following
claims.

What is claimed is:

1. A thin film transistor (TFT) array substrate, comprising:

aTFT disposed on a substrate, the TFT including an active
layer, a gate electrode, a source electrode, a drain elec-
trode, a first insulating layer disposed between the active
layer and the gate electrode, and a second insulating
layer disposed between the gate electrode and the source
and drain electrodes;

apixel electrode disposed on the first insulating layer and
the second insulating layer, the pixel electrode being
connected to one of the source electrode and the drain
electrode;

acapacitor including a lower electrode disposed on a same
layer as the gate electrode, and including an upper elec-
trode including a same material as the pixel electrode,
the lower electrode and the TFT being separated from
each other without overlapping with each other;

a third insulating layer directly disposed between the sec-
ond insulating layer and the pixel electrode and between
the lower electrode and the upper electrode; and

a fourth insulating layer that covers the source electrode,
the drain electrode, and the upper electrode, and exposes
the pixel electrode,

wherein the lower electrode has a lower electrode bottom
surface directly contacting the first insulating layer, and
the gate electrode has a gate electrode bottom surface
directly contacting the first insulating layer.

2. The TFT array substrate as claimed in claim 1, wherein
the first insulating layer is commonly disposed over the active
layer and under the lower electrode.

3. The TFT array substrate as claimed in claim 1, wherein
the second insulating layer is not disposed between the upper
electrode and the lower electrode.

4. The TFT array substrate as claimed in claim 1, wherein
athickness ofthe third insulating layer is less than a thickness
of the second insulating layer.

5. The TFT array substrate as claimed in claim 4, wherein
a thickness of the third insulating layer is equal to or greater
than about 500 A and equal to or less than about 2000 A.

6. The TFT array substrate as claimed in claim 1, wherein
adielectric constant of the third insulating layer is higher than
a dielectric constant of the first insulating layer.

7. The TFT array substrate as claimed in claim 1, wherein
the third insulating layer includes at least one of SiN_, Si0,,
710,, TiO,, Ta,Os, and AL,O;.

8. The TFT array substrate as claimed in claim 1, wherein
the first insulating layer, the second insulating layer, and the
third insulating layer are sequentially disposed between the
pixel electrode and the substrate, and refractive indices of
adjacent insulating layers of the first through third insulating
layers are different from each other.

9. The TFT array substrate as claimed in claim 1, wherein
the pixel electrode includes a transparent conductive oxide
(TCO).

10. The TFT array substrate as claimed in claim 9, wherein
the TCO includes at least one of indium tin oxide (ITO),
indium zinc oxide (1Z0O), zinc oxide (ZnQO), indium oxide
(In,0,), indium gallium oxide (IGO), and aluminum zinc
oxide (AZO).

11. The TFT array substrate as claimed in claim 9, wherein
the pixel electrode further includes a semi-transmissive metal
layer.
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12. The TFT array substrate as claimed in claim 11,
wherein the semi-transmissive metal layer is disposed on a
layer including the transparent conductive oxide.

13. The TFT array substrate as claimed in claim 11,
wherein the semi-transmissive metal layer includes at least
one of silver (Ag), an Ag alloy, aluminum (Al), and an Al
alloy.

14.The TFT array substrate as claimed in claim 11, further
including a protective layer disposed on the semi-transmis-
sive metal layer.

15. The TFT array substrate as claimed in claim 14,
wherein the protective layer includes a TCO.

16. The TFT array substrate as claimed in claim 1, wherein
lateral surfaces of the pixel electrode align with lateral sur-
faces of the third insulating layer.

17.The TFT array substrate as claimed in claim 1, wherein
lateral surfaces of the upper electrode align with lateral sur-
faces of the third insulating layer.

18. The TFT array substrate as claimed in claim 1, wherein
aportion of one of the source electrode and the drain electrode
that is connected to the pixel electrode is disposed over the
pixel electrode.

19. The TFT array substrate as claimed in claim 1, wherein
the source electrode and the drain electrode include a material
having an etching rate different from an etching rate of the
pixel electrode and the upper electrode.

20. The TFT array substrate as claimed in claim 1, further
comprising a pad electrode formed of a same material as the
source electrode and the drain electrode.

21. The TFT array substrate as claimed in claim 20,
wherein the pad electrode is disposed on a same layer as the
source electrode and the drain electrode.

22. An organic light-emitting display device, comprising:

a TFT disposed on a substrate, the TFT including an active
layer, a gate electrode, a source electrode, a drain elec-
trode, a first insulating layer disposed between the active
layer and the gate electrode, and a second insulating
layer disposed between the gate electrode and the source
and drain electrodes;

a pixel electrode disposed on the first insulating layer and
the second insulating layer, the pixel electrode being
connected to one of the source electrode and the drain
electrode;

a capacitor including a lower electrode disposed on a same
layer as the gate electrode, and including an upper elec-
trode including a same material as a material of the pixel
electrode, the lower electrode and the TFT being sepa-
rated from each other without overlapping with each
other;

a third insulating layer directly disposed between the sec-
ond insulating layer and the pixel electrode and between
the lower electrode and the upper electrode;

a fourth insulating layer that covers the source electrode,
the drain electrode, and the capacitor, and exposes the
pixel electrode;

an organic light-emitting layer disposed on the pixel elec-
trode; and

a counter electrode disposed on the organic light-emitting
layer,

wherein the lower electrode has a lower electrode bottom
surface directly contacting the first insulating layer, and
the gate electrode has a gate electrode bottom surface
directly contacting the first insulating layer.

23. The organic light-emitting display device as claimed in
claim 22, wherein the counter electrode is a reflective elec-
trode that reflects light emitted by the organic light-emitting
layer.
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