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

[0001] This application claims the benefit of Korean Pat-
ent Application No. 10-2016-0162271, filed on Nov. 30,
2016, which is hereby incorporated by reference as if fully
set forth herein.

BACKGROUND

Technical Field

[0002] The present disclosure relates to a display device
substrate, an organic light-emitting display device including
the same, and a method of manufacturing the same, and
more particularly, to a display device substrate that realizes
high resolution, an organic light-emitting display device
including the same, and a method of manufacturing the
samie.

Discussion of the Related Art

[0003] An image display device, which realizes various
pieces of information on a screen, is a core technology of the
information and communication age, and is being developed
in the direction of becoming thinner, lighter, more portable,
and having higher performance. Representative display
devices include, for example, a liquid crystal display (LCD)
device and an organic light-emitting diode (OLED) display
device.

[0004] As the resolution of a display device increases, the
number of thin layers that are vertically stacked one above
another increases due to the reduced design margin resulting
from the reduced area of each sub-pixel. In this case, in order
to interconnect an upper conductive layer and a lower
conductive layer, which are vertically stacked one above
another, a narrow contact hole may be required to penetrate
a thick insulation layer disposed between the upper conduc-
tive layer and the lower conductive layer. Because the loss
of a photoresist pattern occurs when such a narrow contact
hole is formed by etching the thick insulation layer, the
thickness of the photoresist pattern may need to be increased
in proportion to the thickness of the insulation layer. How-
ever, the greater the thickness of the photoresist pattern, the
lower the resolution of an exposure process. Therefore,
because a contact hole larger than a contact hole size that is
designed for an exposure mask is formed in a substrate,
formation of a narrow contact hole may be difficult, and thus
the realization of high resolution may be difficult.

SUMMARY

[0005] Accordingly, the present disclosure is directed to a
display device substrate, an organic light-emitting display
device including the same, and a method of manufacturing
the same that substantially obviate one or more problems
due to limitations and disadvantages of the related art.
[0006] An object of the present disclosure is to provide a
display device substrate, which may enable the realization of
high resolution, an organic light-emitting display device
including the same, and a method of manufacturing the
same.

[0007] Additional advantages, objects, and features of the
disclosure will be set forth in part in the description which
follows and in part will become apparent to those having

May 31, 2018

ordinary skill in the art upon examination of the following
or may be learned from practice of the disclosure. The
objectives and other advantages of the disclosure may be
realized and attained by the structure particularly pointed out
in the written description and claims hereof as well as the
appended drawings.

[0008] To achieve these objects and other advantages and
in accordance with the purpose of the disclosure, as embod-
ied and broadly described herein, a display device substrate,
an organic light-emitting display device including the same,
and a method of manufacturing the same according to the
present disclosure include: a substrate; a switching thin-film
transistor on the substrate; a driving thin-film transistor
connected to the switching thin-film transistor; and a light-
emitting element connected to the driving thin-film transis-
tor, wherein the switching thin-film transistor and the driv-
ing thin-film transistor together include: a lower conductive
layer on the substrate; an insulation layer having therein a
contact hole configured to expose the lower conductive
layer; an upper conductive layer connected to the lower
conductive layer through the contact hole; and a mask
conductive layer between an upper surface of the insulation
layer and the upper conductive layer to overlap the upper
conductive layer.

[0009] In another aspect, the display device substrate
includes a base substrate; a lower conductive layer on the
base substrate; an insulation layer having therein a contact
hole configured to expose the lower conductive layer; an
upper conductive layer connected to the lower conductive
layer through the contact hole; and a mask conductive layer
between an upper surface of the insulation layer and the
upper conductive layer to overlap the upper conductive
layer.

[0010] In another aspect, a method of manufacturing a
display device substrate includes forming a lower conduc-
tive layer on a base substrate; forming an insulation layer,
having therein a contact hole configured to expose the lower
conductive layer, and a mask conductive layer; and forming
an upper conductive layer connected to the lower conductive
layer through the contact hole, wherein the mask conductive
layer 1s disposed between an upper surface of the insulation
layer and the upper conductive layer to overlap the upper
conductive layer.

[0011] It is to be understood that both the foregoing
general description and the following detailed description of
the present disclosure are exemplary and explanatory and
are intended to provide further explanation of the disclosure
as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The accompanying drawings, which are included
to provide a further understanding of the disclosure and are
incorporated in and constitute a part of this application,
illustrate embodiment(s) of the disclosure and together with
the description serve to explain the principles of the disclo-
sure. In the drawings:

[0013] FIG. 1 is a plan view illustrating an organic light-
emitting display device according to an example embodi-
ment of the present disclosure;

[0014] FIG. 2 is a cross-sectional view illustrating an
example embodiment of the organic light-emitting display
device illustrated in FIG. 1;
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[0015] FIG. 3 is a plan view and a cross-sectional view
illustrating an example embodiment of first and second drain
contact holes illustrated in FIG. 2;

[0016] FIG. 4is a cross-sectional view illustrating another
example embodiment of the organic light-emitting display
device illustrated in FIG. 1; and

[0017] FIGS. 5A to 5N are cross-sectional views for
explaining an example method of manufacturing the organic
light-emitting display device illustrated in FIG. 2.

DETAILED DESCRIPTION

[0018] Hereinafter, example embodiments of the present
disclosure will be described with reference to the accompa-
nying drawings.

[0019] FIG. 1 is a plan view illustrating an example
embodiment of the organic light-emitting display device
according to the present disclosure, and FIG. 2 is a cross-
sectional view illustrating an example embodiment of the
organic light-emitting display device illustrated in FIG. 1.

[0020] The organic light-emitting display device illus-
trated in FIGS. 1 and 2 includes an active area AA and a pad
area PA.

[0021] In the pad area PA, a plurality of pads is formed to
supply driving signals to each of a scan line SL, a data line
DL, a high-voltage VDD supply line, and a low-voltage VSS
supply line 160, which are arranged in the active area AA.
[0022] The active area AA displays an image via a unit
pixel. The unit pixel includes red, green and blue sub-pixels
R, G and B, or includes red, green, blue and white sub-pixels
R, G, B and W. Each sub-pixel includes the light-emitting
element 130 (e.g., an organic light-emitting diode) and a
pixel drive circuit that independently drives the light-emit-
ting element 130.

[0023] The pixel drive circuit includes a switching thin-
film transistor TS, a driving thin-film transistor TD, and a
storage capacitor Cst.

[0024] The switching thin-film transistor TS is turned on
when a scan pulse signal is supplied to the scan line SL,
thereby supplying a data signal supplied to the data line DL
to the storage capacitor Cst and a second gate electrode 156
of the driving thin-film transistor TD.

[0025] To this end, the switching thin-film transistor TS,
as illustrated in FIG. 2, includes a first gate electrode 106, a
first source electrode 108, a first drain electrode 110, and a
first active layer 104.

[0026] The first gate electrode 106 is formed on a gate
insulation pattern 176 and is connected to the scan line SL.
The first gate electrode 106 overlaps the first active layer 104
with the gate insulation pattern 176 interposed therebe-
tween. Because the first gate electrode 106 is disposed above
the first active layer 104, the switching thin-film transistor
TS has a top-gate structure.

[0027] The first source electrode 108 is disposed on a
second interlayer insulation layer 180 and is connected to
the data line DL. The first source electrode 108 is connected
to the first active layer 104 through a first source contact hole
124S, which penetrates the first active layer 104, the gate
insulation layer 176, and first and second interlayer insula-
tion layers 178 and 180. That is, the first source electrode
108 is connected to the side surface of the first active layer
104, which is exposed by the first source contact hole 1248S.
[0028] The first drain electrode 110 is disposed on a first
mask conductive layer 142 to face the first source electrode
108 and is connected to the second gate electrode 156 of the
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driving thin-film transistor TD. The first drain electrode 110
1s connected to the first active layer 104 and the second gate
electrode 156 of the driving thin-film transistor TD through
a first drain contact hole 124D, which penetrates a second
buffer layer 174, the first active layer 104, the gate insulation
layer 176, the first and second interlayer insulation layers
178 and 180, and a first protective layer 182. That is, the first
drain electrode 110 is connected to the side surface of the
first active layer 104, which is exposed through the first
drain contact hole 124D, and is connected to the upper
surface of the second gate electrode 156, which is exposed
through the first drain contact hole 124D.

[0029] The first active layer 104 forms a channel portion
between the first source electrode 108 and the first drain
electrode 110. The first active layer 104 is formed on the
second buffer layer 174 to be disposed under the first gate
electrode 106. The first active layer 104 is formed of at least
one of an amorphous semiconductor material, a polycrys-
talline semiconductor material, and an oxide semiconductor
material.

[0030] The driving thin-film transistor TD adjusts the
amount of light emitted from the light-emitting element 130
by controlling current 1 supplied from the high-voltage
(VDD) supply line to the light-emitting element 130 in
response to a data signal supplied to the second gate elec-
trode 156 of the driving thin-film transistor TD. In addition,
using the voltage charged in the storage capacitor Cst, even
if the switching thin-film transistor TS is turned off, the
driving thin-film transistor TD supplies a constant amount of
current [ until a data signal of a next frame is supplied,
thereby maintaining continuous emission of light from the
light-emitting element 130.

[0031] To this end, the driving thin-film transistor TD, as
illustrated in FIG. 2, includes the second gate electrode 156,
a second source electrode 158, a second drain electrode 160,
and a second active layer 154.

[0032] The second gate electrode 156 is disposed on the
first buffer layer 172 and is connected to the first drain
electrode 110 of the switching thin-film transistor TS. The
second gate electrode 156 overlaps the second active layer
154 with a second buffer layer 174 interposed therebetween.
Because the second gate electrode 156 is disposed under the
second active layer 154, the driving thin-film transistor TD
has a bottom-gate structure.

[0033] The second source electrode 158 is disposed on the
first interlayer insulation layer 178 and is connected to the
high-voltage (VDD) supply line. The second source elec-
trode 158 is connected to the second active layer 154
through a second source contact hole 174S, which penetrates
the second active layer 154, the gate insulation layer 176,
and the first interlayer insulation layer 178. That is, the
second source electrode 158 is connected to the side surface
of the second active layer 154, which is exposed through the
second source contact hole 154S. Meanwhile, although a
structure in which the second source electrode 158, as
illustrated in FIG. 2, is disposed on the first interlayer
insulation layer 178, unlike the first source electrode 108 by
way of example, the second source electrode 158 may be
formed on the second interlayer insulation layer 180, in the
same manner as the first source electrode 108, using the
same material as the first source electrode 108, in order to
simplify the process. Alternatively, both the first source
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electrode 108 and the second source electrode 158 may be
formed on the first interlayer insulation layer 178 using the
same material.

[0034] The second drain electrode 160 is disposed on a
second mask conductive layer 144 to face the second source
electrode 158 and is connected to an anode electrode 132 of
the light-emitting element 130 and a storage electrode 170.
[0035] The second drain electrode 160 is connected to the
second active layer 154 and the storage electrode 170
through a second drain contact hole 174D, which penetrates
the first and second buffer layers 172 and 174, the second
active layer 154, the gate insulation layer 176, the first and
second interlayer insulation layers 178 and 180, and the first
and second protective layers 182 and 184. That is, the
second drain electrode 160 is connected to the side surface
of the second active layer 154, which is exposed through the
second drain contact hole 174D, and is connected to the
upper surface of the storage electrode 170, which is exposed
through the second drain contact hole 174D.

[0036] In addition, the second drain electrode 160 is
exposed through a pixel contact hole 120, which penetrates
the planarization layer 128, and is connected to the anode
electrode 132.

[0037] The second active layer 154 forms a channel por-
tion between the second source electrode 158 and the second
drain electrode 160. The second active layer 154 is formed
on the second buffer layer 174 to be disposed above the
second gate electrode 156. The second active layer 154 is
formed of at least one of an amorphous semiconductor
material, a polycrystalline semiconductor material, and an
oxide semiconductor material, and is formed of a material,
which is the same as or different from that of the first active
layer 104.

[0038] The storage capacitor Cst includes first and second
storage capacitors Cstl and Cst2, which are connected in
parallel with each other. The first storage capacitor Cstl is
formed such that the storage electrode 170 and the second
gate electrode 156 of the driving thin-film transistor TD
overlap each other with the first buffer layer 172 interposed
therebetween. The second storage capacitor Cst2 is formed
such that the drain electrode 110 of the switching thin-film
transistor TS and the second drain electrode 160 of the
driving thin-film transistor TD overlap each other with the
second protective layer 184 interposed therebetween.
[0039] Here, the first buffer layer 172 and the second
protective layer 184 are formed of a material having a
dielectric constant higher than that of any one of the second
buffer layer 174, the gate insulation layer 176, the first and
second interlayer insulation layers 178 and 180, and the first
protective layer 182. For example, the first buffer layer 172
and the second protective layer 184 are formed of SiNx, and
at least one of the second buffer layer 174, the gate insulation
layer 176, the first and second interlayer insulation layers
178 and 180, and the first protective layer 182 is formed of
SiOx. Thus, the first and second storage capacitors Cstl and
Cst2 increase in capacity in proportion to a dielectric con-
stant thereof.

[0040] Using the voltage charged in the first and second
storage capacitors Cstl and Cst2, even if the switching
thin-film transistor TS is turned off, the driving thin-film
transistor TD supplies a constant amount of current I until a
data signal of a next frame is supplied, thereby maintaining
continuous emission of light from the light-emitting element
130.
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[0041] The light-emitting element 130 includes the anode
electrode 132 connected to the second drain electrode 160 of
the driving transistor TD, at least one light-emitting stack
134 formed on the anode electrode 132, and a cathode
electrode 136 formed on the light-emitting stack 134.
[0042] The anode electrode 132 is disposed on the pla-
narization layer 128 and is exposed by a bank 138. The
anode electrode 132 is electrically connected to the second
drain electrode 160 of the driving thin-film transistor TD,
which is exposed through the pixel contact hole 120. The
anode electrode 132 is formed as a multilayered structure,
which includes a transparent conductive layer and an opaque
conductive layer having high reflection efficiency, or is
formed as a single-layer structure including an opaque
conductive layer having high reflection efficiency, when
applied to a top-emission-type organic light-emitting display
device. The transparent conductive layer is formed of a
material having a relatively large work function value, such
as indium-tin-oxide (ITO) or indium-zinc-oxide (IZ0), and
the opaque conductive layer is formed as a single-layer or
multi-layered structure including Al, Ag, Cu, Pb, Mo, Tij, or
an alloy thereof. For example, the anode electrode 132 is
formed such that a transparent conductive layer, an opaque
conductive layer, and a transparent conductive layer are
sequentially stacked one above another, or is formed such
that a transparent conductive layer and an opaque conduc-
tive layer are sequentially stacked one above another.
Because the anode electrode 132, which includes the opaque
conductive layer, overlaps the pixel drive circuit, an area in
which the pixel drive circuit is disposed may also be used as
a light-emitting area, which may increase an aperture ratio.
[0043] The light-emitting stack 134 is formed on the
anode electrode 132 by stacking a hole transport layer HTL,
an organic light-emitting layer EML, and an electron trans-
port layer ETL in this sequence or in the inverse sequence.
In addition, the light-emitting stack 134 may include first
and second light-emitting stacks 134a and 1345, which face
each other with a charge generation layer CGL interposed
therebetween. In this case, the organic light-emitting layer
EML of any one of the first and second light-emitting stacks
134a and 1345 generates blue light and the organic light-
emitting layer EML of the other one of the first and second
light-emitting stacks 134a and 1345 generates yellow-green
light, whereby white light is generated by the first and
second light-emitting stacks 1344 and 1346. When the white
light generated by the light-emitting stack 134 is introduced
into a color filter (not illustrated), which is located above the
light-emitting stack 134, a color image may be realized. In
addition, each light-emitting stack 134 may generate light of
a color that corresponds to each sub-pixel to realize a color
image without a separate color filter. That is, the light-
emitting stack 134 of a red sub-pixel R may generate red
light, the light-emitting stack 134 of a green sub-pixel G
may generate green light, and the light-emitting stack 134 of
a blue sub-pixel B may generate blue light.

[0044] The bank 138 is formed to expose the anode
electrode 132 to provide a light-emitting area in each
sub-pixel. The bank 138 may be formed of an opaque
material (e.g., a black material) in order to prevent light
interference between neighboring sub-pixels. In this case,
the bank 138 includes a light-shielding material formed of at
least one of a color pigment and organic carbon black.
[0045] The cathode electrode 136 is formed on the upper
surface and the side surface of the light-emitting stack 134
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and the bank 138 to face the anode electrode 132 with the
light-emitting stack 134 interposed therebetween. The cath-
ode electrode 136 is formed of a transparent conductive
layer such as indium-tin-oxide (ITO) or indium-zinc-oxide
(IZ0) when applied to a top-emission-type organic light-
emitting display device.

[0046] Meanwhile, in an example embodiment the present
disclosure, the first mask conductive layer 142 is disposed
between the first drain electrode 110 and the first protective
layer 182 to overlap the first drain electrode 110, and the
second mask conductive layer 144 is disposed between the
second drain electrode 160 and the second protective layer
184 to overlap the second drain electrode 160.

[0047] The first mask conductive layer 142 has a first
mask hole 142a, which overlaps the first drain contact hole
124D. The first mask hole 1424 has a width, which is similar
to or the same as that of the drain contact hole 124D.
Opposite ends of the first mask conductive layer 142 cor-
respond to opposite ends of the first drain electrode 110. That
is, opposite ends of the first mask conductive layer 142 and
the first drain electrode 110 may coincide with each other, or
opposite ends of the first mask conductive layer 142 may be
located inside or outside opposite ends of the first drain
electrode 110.

[0048] The second mask conductive layer 144 has a sec-
ond mask hole 144a, which overlaps the second drain
contact hole 174D. The second mask hole 144q has a width,
which is similar to or the same as that of the second drain
contact hole 174D. Opposite ends of the second mask
conductive layer 144 correspond to opposite ends of the
second drain electrode 160. That is, opposite ends of the
second mask conductive layer 144 and the second drain
electrode 160 may coincide with each other, or opposite ends
of the second mask conductive layer 144 may be located
inside or outside opposite ends of the second drain electrode
160.

[0049] The first and second mask conductive layers 142
and 144 are formed of a material that has resistance to an
etching gas that is used to form the first and second drain
contact holes 124D and 174D, rather than being etched
thereby. For example, the first and second mask conductive
layers 142 and 144 are formed as a single-layer structure or
a multilayered structure using any one of ITO, MoTi and Al,
which reacts to an etchant for a wet etching process. The first
and second mask conductive layers 142 and 144 are formed
of the same material or different materials. At least one of the
first and second buffer layers 172 and 174, the gate insula-
tion layer 176, the first and second interlayer insulation
layers 178 and 180, and the first and second protective layers
182 and 184 are formed of a material that has etching
characteristics different from those of the first and second
mask conductive layers 142 and 144. That is, at least one of
the first and second buffer layers 172 and 174, the gate
insulation layer 176, the first and second interlayer insula-
tion layers 178 and 180, and the first and second protective
layers 182 and 184 are formed of an Si-based inorganic layer
(e.g., SiNx or SiOx) that reacts to an etching gas for a dry
etching process.

[0050] The first mask conductive layer 142 serves as a
mask along with a photoresist pattern when the second
buffer layer 174, the gate insulation layer 176, the first and
second interlayer insulation layers 178 and 180, and the first
protective layer 182 are dry-etched in order to form the first
drain contact hole 124D. In addition, the second mask
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conductive layer 144 serves as a mask along with a photo-
resist pattern when the first buffer layer 172, the gate
insulation layer 176, the first and second interlayer insula-
tion layers 178 and 180, and the first and second protective
layers 182 and 184 are dry-etched in order to form the
second drain contact hole 174D.

[0051] Accordingly, through the provision of the first and
second mask conductive layers 142 and 144, which serve as
a mask when the first and second drain contact holes 124D
and 174D are formed, the thickness of the photoresist pattern
may decrease. Because exposure resolution increases as the
thickness of the photoresist pattern decreases, the first and
second drain contact holes 124D and 174D may be formed
to have a narrow line width of 2 um or less and a depth of
1 um or more. Specifically, as illustrated in FIG. 3, the
inclination angle of the side surface of at least one of the
buffer layers, the gate insulation layer, the interlayer insu-
lation layers, and the protective layers, which are exposed
through the first and second drain contact holes 124D and
174D, is an acute angle of 80 degrees or more. In this case,
each of the first and second drain contact holes 124D and
174D is reduced in line width from the top (e.g., the
protective layers 182 and 184) to the bottom (e.g., the buffer
layers 172 and 174) thereof, but the difference is slight.
Thus, the first and second drain contact holes 124D and
174D, which expose the side surface of the protective layers
182 and 184, have the maximum line width. Here, the
maximum line width W of the first and second drain contact
holes 124D and 174D is 2 um or less, for example, 1.5 pm,
and the maximum depth D of the first and second drain
contact holes 124D and 174D ranges from 1.2 um to 1.4 um.

[0052] Meanwhile, although the first and second drain
contact holes 124D and 174D have been described as narrow
holes in the present disclosure by way of example, as
illustrated in FIG. 4, at least one of the first and second
source contact holes 124S and 1748 and the pixel contact
hole 120 may be formed as a narrow hole. In this case, a
third mask conductive layer 146 is disposed between the
insulation layer and at least one of the first and second
source electrodes 108 and 158 and the anode electrode 132.
The third mask conductive layer 146, having the second
source contact hole 1748 therein, is formed between the first
interlayer insulation layer 178 and the second source elec-
trode 158 to overlap the second source electrode 158 and is
formed of a material having different characteristics from
those of the first interlayer insulation layer 178. In addition,
the third mask conductive layer 146 having the first source
contact hole 1248 therein is formed between the second
interlayer insulation layer 180 and the first source electrode
108 to overlap the first source electrode 108 and is formed
of a material having different characteristics from those of
the second interlayer insulation layer 180. For example, the
first and second interlayer insulation layers 178 and 180 are
formed of SiNx or SiOx, which reacts to an etching gas for
a dry etching process, and the third mask conductive layer
146 is formed as a single-layer structure or a multilayered
structure using any one of [TO, MoTi and Al, which reacts
to an etchant for a wet etching process.

[0053] FIGS. 5A to 5N are cross-sectional views illustrat-
ing an example method of manufacturing the organic light-
emitting display device illustrated in FIG. 2.

[0054] With reference to FIG. 5A, the storage electrode
170 is formed on a substrate 101.
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[0055] Specifically, after a first metal layer is stacked over
the entire surface of the substrate 101, which is formed of
plastic, glass or a plurality of insulation layers, the first metal
layer is patterned through a photolithography process and an
etching process, whereby the storage electrode 170 is
formed.

[0056] With reference to FIG. 5B, the first buffer layer 172
and the second gate electrode 156 are sequentially formed
on the substrate 101 on which the storage electrode 170 has
been formed.

[0057] Specifically, an inorganic insulation material such
as, for example, SiOx or SiNx is stacked over the entire
surface of the substrate 101 on which the storage electrode
170 has been formed, whereby the first buffer layer 172 is
formed. Then, after a second metal layer is deposited over
the entire surface of the first buffer layer 172, the second
metal layer is patterned through a photolithography process
and an etching process, whereby the second gate electrode
156 is formed.

[0058] With reference to FIG. 5C, the second buffer layer
174 and the first and second active layers 104 and 154 are
sequentially formed on the substrate 101 on which the
second gate electrode 156 has been formed.

[0059] Specifically, an inorganic insulation material, such
as Si0x or SiNx, is stacked over the entire surface of the
substrate 101 on which the gate electrode 156 has been
formed, whereby the second buffer layer 174 is formed.
Then, after a semiconductor layer is deposited over the
entire surface of the second buffer layer 174, the semicon-
ductor layer is patterned through a photolithography process
and an etching process, whereby the first and second active
layers 104 and 154 are formed.

[0060] With reference to FIG. 5D, the gate insulation layer
176 and the first gate electrode 106 are sequentially formed
on the substrate 101 on which the first and second active
layers 104 and 154 have been formed.

[0061] Specifically, an inorganic insulation material such
as, for example, SiOx or SiNx is stacked over the entire
surface of the substrate 101 on which the first and second
active layers 104 and 154 have been formed, whereby the
gate insulation layer 176 is formed. Then, after a third metal
layer is deposited over the entire surface of the gate insu-
lation layer 176, the third metal layer is patterned through a
photolithography process and an etching process, whereby
the first gate electrode 106 is formed.

[0062] With reference to FIG. 5E, the first interlayer
insulation layer 178 having the second source contact hole
174S therein is formed on the substrate 101 on which the
first gate electrode 106 has been formed.

[0063] Specifically, an inorganic insulation material such
as, for example, SiOx or SiNx is stacked over the entire
surface of the substrate 101 on which the first gate electrode
106 has been formed, whereby the first interlayer insulation
layer 178 is formed. Then, a portion of the second buffer
layer 174, the second active layer 154, the gate insulation
layer 176, and the first interlayer insulation layer 178 are
patterned through a photolithography process and an etching
process, whereby the second source contact hole 1748 is
formed. Here, the second source contact hole 174S pen-
etrates a portion of the second buffer layer 174, the second
active layer 154, the gate insulation layer 176, and the first
interlayer insulation layer 178 to thereby be connected to the
exposed side surface of the second active layer 154.
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[0064] With reference to FIG. 5F, the second source
electrode 158 is formed in the substrate 101 on which the
second source contact hole 174S has been formed.

[0065] Specifically, after a fourth metal layer is deposited
over the entire surface of the substrate 101 on which the
second source contact hole 1748 has been formed, the fourth
metal layer is patterned through a photolithography process
and an etching process, whereby the second source electrode
158 is formed.

[0066] With reference to FIG. 5G, the second interlayer
insulation layer 180 having the first source contact hole
1248 therein is formed on the substrate 101 on which the
second source electrode 158 has been formed.

[0067] Specifically, an inorganic insulation material such
as, for example, SiOx or SiNx is stacked over the entire
surface of the substrate 101 on which the second source
electrode 158 has been formed, whereby the second inter-
layer insulation layer 180 is formed. Then, a portion of the
second buffer layer 174, the first active layer 104, the gate
insulation layer 176, and the first and second interlayer
insulation layers 178 and 180 are patterned through a
photolithography process and an etching process, whereby
the first source contact hole 124S is formed. Here, the first
source contact hole 124S penetrates a portion of the second
buffer layer 174, the first active layer 104, the gate insulation
layer 176, and the first and second interlayer insulation
layers 178 and 180 to thereby be connected to the exposed
side surface of the first active layer 104.

[0068] With reference to FIG. 5H, the first source elec-
trode 108 is formed on the substrate 101 on which the first
source contact hole 124S is formed.

[0069] Specifically, after a fifth metal layer is deposited
over the entire surface of the substrate 101 on which the first
source contact hole 1248 has been formed, the fifth metal
layer is patterned through a photolithography process and an
etching process, whereby the first source electrode 108 is
formed.

[0070] With reference to FIG. 51, the first protective layer
182 and the first mask conductive layer 142, which have the
first drain contact hole 124D therein, are formed on the
substrate 101 on which the first source electrode 108 has
been formed.

[0071] Specifically, the first protective layer 182 is formed
on the substrate 101 on which the first source contact hole
1248 has been formed, and a sixth metal layer is formed
thereon via, for example, sputtering. The first protective
layer 182 is formed of an inorganic insulation material such
as, for example, SiOx or SiNx, and the sixth metal layer is
formed of at least one of ITO, MoTi, and Al. Subsequently,
the photoresist pattern 192 is formed on the sixth metal layer
through exposure and developing processes. The sixth metal
layer is patterned through a wet or dry etching process using
the photoresist pattern 192 as a mask, whereby the first mask
conductive layer 142 having the first mask hole 142a is
formed. Subsequently, the second buffer layer 174, the first
active layer 104, the gate insulation layer 176, the first and
second interlayer insulation layers 178 and 180, and the first
protective layer 182 are patterned through a dry etching
process using, as a mask, the photoresist pattern 192 and the
first mask conductive layer 142, whereby the first drain
contact hole 124D is formed. Here, the first drain contact
hole 124D penetrates the second buffer layer 174, the first
active layer 104, the gate insulation layer 176, the first and
second interlayer insulation layers 178 and 180, and the first
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protective layer 182 to thereby be connected to the exposed
side surface of the first active layer 104 and the exposed
upper surface of the second gate electrode 156. In addition,
the first mask conductive layer 142 has the same pattern as
the first protective layer 182.

[0072] With reference to FIG. 5], the first drain electrode
110 is formed on the substrate 101 on which the first
protective layer 182 and the first mask conductive layer 142,
which have the first drain contact hole 124D therein, have
been formed.

[0073] Specifically, after a seventh metal layer is depos-
ited over the entire surface of the substrate 101 on which the
first protective layer 182 and the first mask conductive layer
142, which have the first drain contact hole 124D therein,
have been formed, the seventh metal layer is patterned
through a photolithography process and an etching process,
whereby the first drain electrode 110 is formed. Meanwhile,
in order to form the first drain electrode 110, because the first
mask conductive layer 142 is etched when the seventh metal
layer is etched, the first mask conductive layer 142 that does
not overlap the first drain electrode 110 is removed. Thereby,
the first mask conductive layer 142 is disposed between the
first drain electrode 110 and the upper surface of the first
protective layer 182 to overlap the first drain electrode 110.
[0074] With reference to FIG. 5K, the second protective
layer 184 and the second mask conductive layer 144, which
have the second drain contact hole 174D therein, are formed
on the substrate 101 on which the first drain electrode 110
has been formed.

[0075] Specifically, the second protective layer 184 is
formed on the substrate 101 on which the first drain elec-
trode 110 has been formed, and an eighth metal layer is
formed thereon via, for example, sputtering. The second
protective layer 184 is formed of an inorganic insulation
material such as, for example, SiOx or SiNx, and the eighth
metal layer is formed of at least one of ITO, MoTi and Al
Subsequently, the photoresist pattern 194 is formed on the
eighth metal layer through exposure and developing pro-
cesses. The eighth metal layer is patterned through a wet or
dry etching process using the photoresist pattern 194 as a
mask, whereby the second mask conductive layer 144 hav-
ing the second mask hole 144a is formed. Subsequently, the
first buffer layer 172, the second buffer layer 174, the second
active layer 154, the gate insulation layer 176, the first and
second interlayer insulation layers 178 and 180, the first
protective layer 182, and the second protective layer 184 are
patterned through a dry etching process using, as a mask, the
photoresist pattern 194 and the second mask conductive
layer 144, whereby the second drain contact hole 174D is
formed. Here, the second drain contact hole 174D penetrates
the first buffer layer 172, the second buffer layer 174, the
second active layer 154, the gate insulation layer 176, the
first and second interlayer insulation layers 178 and 180, the
first protective layer 182, the second mask conductive layer
144, and the second protective layer 184 to thereby be
connected to the exposed side surface of the second active
layer 154 and the exposed upper surface of the storage
electrode 170. In addition, the second mask conductive layer
144 has the same pattern as the second protective layer 184.
[0076] With reference to FIG. 5L, the second drain elec-
trode 160 is formed on the substrate 101 on which the
second protective layer 184 and the second mask conductive
layer 144, which have the second drain contact hole 174D
therein, have been formed.

May 31, 2018

[0077] Specifically, after a ninth metal layer is deposited
over the entire surface of the substrate 101 on which the
second protective layer 184 and the second mask conductive
layer 144, which have the second drain contact hole 174D
therein, have been formed, the ninth metal layer is patterned
through a photolithography process and an etching process,
whereby the second drain electrode 160 is formed. Mean-
while, in order to form the second drain electrode 160,
because the second mask conductive layer 144 is etched
when the ninth metal layer is etched, a portion of the second
mask conductive layer 144 that does not overlap the second
drain electrode 110 is removed. Thereby, the second mask
conductive layer 144 is disposed between the second drain
electrode 110 and the upper surface of the second protective
layer 184 to overlap the second drain electrode 110.
[0078] With reference to FIG. 5M, the planarization layer
128 having the pixel contact hole 120 therein is formed on
the substrate 101 on which the second drain electrode 160
has been formed.

[0079] Specifically, the planarization layer 128 is formed
by applying an organic layer over the entire surface of the
substrate 101 on which the second drain electrode 160 has
been formed. Then, the pixel contact hole 120 is formed to
expose the second drain electrode 160 when the organic
layer is patterned via a photolithography process.

[0080] With reference to FIG. 5N, the anode electrode
132, the bank 138, the light-emitting stack 134, and the
cathode electrode 136 are sequentially formed on the sub-
strate 101 on which the planarization layer 128 has been
formed.

[0081] Specifically, after a tenth metal layer is deposited
over the entire surface of the substrate 101 on which the
planarization layer 128 has been formed, the tenth metal
layer is patterned through a photolithography process,
whereby the anode electrode 132 is formed. Then, the bank
134 is formed by applying an organic layer over the entire
surface of the substrate 101, on which the anode electrode
132 has been formed, and patterning the organic layer
through a photolithography process. Subsequently, the
organic light-emitting layer 134 and the cathode electrode
136 are sequentially formed in an active area excluding a
pad area through a deposition process using a shadow mask.
[0082] Accordingly, the narrow contact holes 124D and
174D may be formed to interconnect an upper conductive
layer (e.g., the first drain electrode 110 or the second drain
electrode 160) and a lower conductive layer (e.g., the first
gate electrode 106 or the storage electrode 170). In particu-
lar, in an example embodiment of the present disclosure,
even when at least one insulation layer disposed between the
upper conductive layer and the lower conductive layer has a
thickness of 10,000 A or more, the narrow contact hole may
be formed to have a line width of 2 um or less by etching the
insulation layer using, as a mask, the photoresist pattern and
the mask conductive layers 142 and 144. That is, the line
width of the contact hole is reduced from the upper con-
ductive layer to the lower conductive layer, and the maxi-
mum line width of the contact hole is 2 pm or less, for
example, 1.5 um, and the maximum depth D is 1 um or
more, for example, within a range from 1.2 pm to 1.4 pm.
The contact hole may be applied to a high-resolution model,
and thus example embodiments of the present disclosure
may enable the realization of high resolution. In addition,
when at least one insulation layer is etched, the insulation
layer may be etched using the mask conductive layers 142
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and 144 as a mask even if a photoresist pattern, which is
thinner than the related art, is damaged, and therefore the
contact holes 124D and 174D may be stably formed.
[0083] Meanwhile, although the pixel drive circuit has
been described in example embodiments of the present
disclosure as including the switching and driving thin-film
transistors and one storage capacitor by way of example, the
structure of the pixel drive circuit is given as an example,
and is not limiting. For example, the pixel drive circuit may
further include a sensing transistor. Here, the sensing tran-
sistor senses the threshold voltage of the driving thin-film
transistor TD, and the data voltage is compensated in
proportion to the sensed threshold voltage.

[0084] As is apparent from the above description, accord-
ing to example embodiments of the present disclosure, even
when at least one insulation layer disposed between an upper
layer and a lower layer has a thickness of 10,000 A, a narrow
contact hole having a width of 2 um or less may be formed
by etching the insulation layer using a photoresist pattern
and a mask conductive layer. In addition, even if the
photoresist pattern, which has a smaller thickness compared
to the related art, is damaged when the insulation layer is
etched, the insulation layer may be etched using the mask
conductive layer as a mask, which ensures the stabilized
formation of the contact hole.

[0085] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
display device substrate, an organic light-emitting display
device including the same, and a method of manufacturing
the same of the present disclosure without departing from
the spirit or scope of the disclosure. Thus, it is intended that
the present disclosure cover the modifications and variations
of this disclosure provided they come within the scope of the
appended claims and their equivalents.

What is claimed is:

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

a substrate;

a switching thin-film transistor on the substrate;

a driving thin-film transistor connected to the switching

thin-film transistor; and

alight-emitting element connected to the driving thin-film

transistor,

wherein the switching thin-film transistor and the driving

thin-film transistor together include:

a lower conductive layer on the substrate;

an insulation layer having therein a contact hole config-

ured to expose the lower conductive layer;

an upper conductive layer connected to the lower con-

ductive layer through the contact hole; and

a mask conductive layer between an upper surface of the

insulation layer and the upper conductive layer to
overlap the upper conductive layer.

2. The device according to claim 1, wherein the upper
conductive layer is a drain electrode of the switching thin-
film transistor, and

wherein the lower conductive layer is a gate electrode of

the driving thin-film transistor.

3. The device according to claim 2, further comprising a
storage capacitor connected to each of the switching thin-
film transistor and the driving thin-film transistor,
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wherein the upper conductive layer is a drain electrode of

the driving thin-film transistor, and

wherein the lower conductive layer is a storage electrode

of the storage capacitor.

4. The device according to claim 1, wherein the contact
hole has a line width of 2 um or less.

5. The device according to claim 1, wherein the insulation
layer is of an inorganic insulation material, and

wherein the mask conductive layer is a single-layer struc-

ture or a multilayered structure of least one of ITO,
MoTi, and Al

6. The device according to claim 1, wherein the mask
conductive layer has a mask hole configured to overlap the
contact hole.

7. A display device substrate, comprising:

a base substrate;

a lower conductive layer on the base substrate;

an insulation layer having therein a contact hole config-

ured to expose the lower conductive layer;

an upper conductive layer connected to the lower con-

ductive layer through the contact hole; and

a mask conductive layer between an upper surface of the

insulation layer and the upper conductive layer to
overlap the upper conductive layer.

8. The display device substrate according to claim 7,
wherein the insulation layer is of an inorganic insulation
material, and

wherein the mask conductive layer is a single-layer struc-

ture or a multilayered structure of at least one of ITO,
MoTi, and Al.

9. The display device substrate according to claim 7,
wherein the mask conductive layer has a mask hole config-
ured to overlap the contact hole.

10. A method of manufacturing a display device substrate,
comprising:

forming a lower conductive layer on a base substrate;

forming an insulation layer, having therein a contact hole

configured to expose the lower conductive layer, and a
mask conductive layer; and

forming an upper conductive layer connected to the lower

conductive layer through the contact hole,

wherein the mask conductive layer is disposed between an

upper surface of the insulation layer and the upper
conductive layer to overlap the upper conductive layer.

11. The method according to claim 10, wherein the
forming the insulation layer and the mask conductive layer
includes:

sequentially stacking the insulation layer and the mask

conductive layer to cover the lower conductive layer;
wet-etching the mask conductive layer; and

dry-etching the insulation layer,

wherein the forming the upper conductive layer includes

removing the mask conductive layer that does not
overlap the upper conductive layer.

12. The method according to claim 10, wherein the
insulation layer is formed of an inorganic insulation mate-
rial, and

wherein the mask conductive layer is formed as a single-

layer structure or a multilayered structure using at least
one of ITO, MoTi, and Al.
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