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Description

[0001] This application claims the benefit of Korean
Patent Application No.2015-0188439, filed on December
29, 2016.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] Thepresentinventionrelatestoanorganiclight-
emitting display device and a method of fabricating the
same, and more particularly to an organic light-emitting
display device and a method of fabricating the same,
which may simplify the configuration of the organic light-
emitting display device and may reduce the number of
mask processes.

Discussion of the Related Art

[0003] Animagedisplay device, whichrealizes various
information on a screen, is the core technology of the
information communication age and is being developed
to be thinner, lighter, and more portable, and to exhibit
higher performance. As one example of a flat panel dis-
play device, which has a reduced weight and volume
compared to a heavy and bulky cathode ray tube (CRT),
an organic light-emitting display (OLED) device, which
displays animage by controlling the emission of light from
an organic light-emitting layer, is receiving attention. The
OLED device is a self-illuminating device and has low
power consumption, high response speed, high lumi-
nance efficacy, high brightness, and a wide viewing an-
gle.

[0004] In order to fabricate such an OLED device, a
mask process using a photomask is performed a plurality
of times. Each mask process involves subsequent proc-
esses, such as washing, exposure, developing, and etch-
ing processes. To this end, whenever an additional mask
process is added, the time and costs for the fabrication
of the OLED device increase, and the rate of generation
of defective products increases, which causes a lower
production yield. Therefore, there is the demand for a
simplified configuration and a reduction in the number of
mask processes in order to reduce production costs and
to enhance production yield and production efficiency.

SUMMARY OF THE INVENTION

[0005] Accordingly, the presentinvention is directed to
an organic light-emitting display device and a method of
fabricating the same that substantially obviate one or
more problems due to limitations and disadvantages of
the related art.

[0006] An object of the present invention is to provide
an organic light-emitting display device and a method of
fabricating the same, which may simplify the configura-
tion of the organic light-emitting display device and may
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reduce the number of mask processes.

[0007] Additional advantages, objects, and features of
the invention will be set forth in part in the description
which follows and in part will become apparent to those
having ordinary skill in the art upon examination of the
following or may be learned from practice of the invention.
The objectives and other advantages of the invention
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 invention, as
embodied and broadly described herein, an organic light-
emitting display device includes a thin film transistor dis-
posed on a substrate, a light-emitting diode connected
to the thin film transistor, an upper auxiliary electrode
connected to any one of an anode and a cathode of the
light-emitting diode, and a lower auxiliary electrode con-
nected to the upper auxiliary electrode, wherein the lower
auxiliary electrode is embedded in an auxiliary electrode
trench of the substrate, thus ensuring structural stability.
[0009] The organic light-emitting display may also
comprise a plurality of trenches. A first buffer layer may
be formed on the substrate.

[0010] The organic light-emitting display device may
further comprise a light shielding layer spanning and
aligning with the thin-film transistor, the light shielding
layer being embedded in a light shielding trench of the
substrate.

[0011] Optionally, the organic light-emitting display
may further comprise a heat-resistant buffer layer, and
a second buffer layer; wherein the first buffer layer, the
heat-resistant buffer layer, and the second buffer layer
are sequentially stacked one above another between the
light shielding layer and the thin film transistor.

[0012] Preferably, the heat-resistant buffer layer is
composed of an organic film material having a lower di-
electric constant than those of the first and second buffer
layers. The organic light-emitting display device may fur-
ther comprise a lower pad electrode embedded in a lower
pad trench of the substrate and an upper pad electrode
connected to the lower pad electrode through the first
buffer layer.

[0013] The organic light-emitting display device may
further comprises: a signal link located above the lower
auxiliary electrode; and a signal pad connected to the
signal link,

wherein the first buffer layer, the heat-resistant buffer lay-
er, and the second buffer layer are sequentially stacked
one above another between the lower auxiliary electrode
and the signal link, and

wherein: the signal pad includes the lower pad electrode
and the upper pad electrode; the upper pad electrode is
connected to the lower pad electrode through a pad con-
tact hole, and the pad contact hole being located in the
first buffer layer and an interlayer insulator film.

[0014] The organic light-emitting display device may
further comprise an alignment key embedded in an align-
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ment key trench of the substrate.

[0015] The presentinvention also relates to a method
of fabricating an organic light-emitting display device, the
method comprising: providing a substrate having a plu-
rality of trenches in which a lower auxiliary electrode is
embedded; forming a thin film transistor on the substrate
in which the lower auxiliary electrode has been formed;
forming an anode connected to the thin film transistor
and an upper auxiliary electrode connected to the lower
auxiliary electrode; forming an organic light-emitting lay-
er on the anode; and forming a cathode on the organic
light-emitting layer.

[0016] Optionally providing may include: forming a
photoresist patternonthe substrate; forming the trenches
by etching the substrate using the photoresist pattern;
depositing a seed metal throughout a surface of the sub-
strate on which the photoresist pattern remains; remov-
ing the photoresist pattern and the seed metal on the
photoresist pattern; and forming the lower auxiliary elec-
trode and an alignment key, which are embedded in the
trenches, by growing the seed metal.

[0017] Optionally, providing may include: forming, on
the substrate, an opaque metal layer and a multi-stepped
photoresist pattern on the opaque metal layer; forming
the trenches by etching the substrate and the opaque
metal layer using the multi-stepped photoresist pattern;
ashing the multi-stepped photoresist pattern; forming an
alignment key by etching the opaque metal layer using
the ashed photoresist pattern; and forming the lower aux-
iliary electrode embedded in the trench, formed in the
substrate in which the alignment key has been formed.
[0018] The fabrication method may further comprises:
simultaneously forming a light shielding layer, in an area
overlapping the thinfilm transistor, and the lower auxiliary
electrode inrespective trenches of the substrate; forming
a first buffer layer on the substrate in which the light
shielding layer, the lower auxiliary electrode, and the
alignment key have been formed; forming, on the first
buffer layer, a heat-resistant buffer layer, a second buffer
layer, and a semiconductor layer of the thin film transistor,
which overlap the light shielding layer, and simultane-
ously forming the heat-resistant buffer layer and the sec-
ond buffer layer, which overlap the lower auxiliary elec-
trode; forming a gate insulator pattern and a gate elec-
trode of the thin film transistor on the semiconductor layer
of the thin film transistor; forming an interlayer insulator
film on the gate electrode of the thin film transistor; and
forming source and drain electrodes of the thin film tran-
sistor and a signal link on the interlayer insulator film.
[0019] The fabrication method may further comprises:
simultaneously forming a light shielding layer, in an area
overlapping the thinfilm transistor, and the lower auxiliary
electrode in respective trenches in the substrate; ; form-
ing a first buffer layer on the substrate in which the light
shielding layer, the lower auxiliary electrode, and the
alignment key have been formed; forming, on the first
buffer layer, a heat-resistant buffer layer, a second buffer
layer, and a semiconductor layer of the thin film transistor,
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which overlap the light shielding layer, and simultane-
ously forming the heat-resistant buffer layer and the sec-
ond buffer layer, which overlap the lower auxiliary elec-
trode; forming a gate insulator pattern and a gate elec-
trode of the thin film transistor on the semiconductor layer
of the thin film transistor; forming an interlayer insulator
film on the gate electrode of the thin film transistor; and
forming source and drain electrodes of the thin film tran-
sistor and a signal link on the interlayer insulator film.
[0020] The fabrication method may further comprise
forming a buffer layer on the provided substrate.

[0021] The provided substrate may also have a lower
auxiliary electrode embedded and the method may fur-
ther comprise connecting an upper pad electrode to the
embedded lower pad electrode through the buffer layer.
[0022] It is to be understood that both the foregoing
general description and the following detailed description
of the present invention are exemplary and explanatory
and are intended to provide further explanation of the
invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The accompanying drawings, which are includ-
ed to provide a further understanding of the invention and
are incorporated in and constitute a part of this applica-
tion, illustrate embodiment(s) of the invention and togeth-
er with the description serve to explain the principle of
the invention. In the drawings:

FIG. 1 is a sectional view illustrating a first embodi-
ment of an organic light-emitting display device in
accordance with the present invention;

FIG. 2 is a sectional view illustrating a second em-
bodiment of an organic light-emitting display device
in accordance with the present invention;
F1Gs.3Ato 3D are sectional views illustrating a meth-
od of fabricating a light shielding layer, a lower aux-
iliary electrode, a lower pad electrode, an alignment
key, and trenches illustrated in FIG. 1;
FIGs.4Ato4D are sectionalviews illustrating a meth-
od of fabricating a light shielding layer, a lower aux-
iliary electrode, a lower pad electrode, an alignment
key, and trenches illustrated in FIG. 2;

FIG. 5 is a view comparing a comparative example
in which no surface treatment is performed on a sub-
strate and an example in which a surface treatment
is performed on a substrate with each other; and
FIGs.B6Ato 6H are sectional views illustrating a meth-
od of fabricating the organic light-emitting display de-
vice of FIG. 1.

DETAILED DESCRIPTION OF THE INVENTION

[0024] Hereinafter, embodiments in accordance with
the present invention will be described in detail with ref-
erence to the accompanying drawings.

[0025] FIG. 1is a sectional view illustrating an organic
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light-emitting display device in accordance with the
present invention.

[0026] AsillustratedinFIG. 1, the organiclight-emitting
display device in accordance with the present invention
includes a switching thin-film transistor (not illustrated),
a driving thin-film transistor 100, an organic light-emitting
diode 130, a storage capacitor 140, an auxiliary electrode
160, a signal pad 150, and an alignment key 170.
[0027] The driving thin-film transistor 100 includes a
gate electrode 106, a source electrode 108, adrain elec-
trode 110, and an oxide semiconductor layer 104. Mean-
while, the switching thin-film transistor has the same con-
figuration as that of the driving thin-film transistor 100,
and thus includes the same components as those of the
driving thin-film transistor 100.

[0028] The gate electrode 106 is formed on a gate in-
sulator pattern 112, which is the same as the pattern of
the gate electrode 106. The gate electrode 106 overlaps
the oxide semiconductor layer 104 with the gate insulator
pattern 112 interposed therebetween. The gate electrode
106 may be a single layer or multiple layers formed of
any one selected from among molybdenum (Mo), alumi-
num (Al), chrome (Cr), gold (Au), titanium (Ti), nickel (Ni),
neodymium (Nd), and copper (Cu), or an alloy of them,
without being limited thereto.

[0029] The source electrode 108 is connected to the
oxide semiconductor layer 104 through a source contact
hole 124S, which penetrates an interlayer insulator film
116. The drain electrode 110 is connected to the oxide
semiconductor layer 104 through a drain contact hole
124D, which penetrates the interlayer insulator film 116.
In addition, the drain electrode 110 is connected to an
anode 132 through a pixel contact hole 120, which pen-
etrates a protective film 118 and a planarization layer 148.
[0030] Each of the source electrode 108 and the drain
electrode 110 includes a transparent conductive layer
172a and an opaque conductive layer 172b formed on
the transparent conductive layer 172a. The transparent
conductive layer 172a may be formed of a transparent
conductive material, such as indium tin oxide (ITO), and
the opaque conductive layer 172b may be a single layer
or multiple layers formed of any one selected from among
molybdenum (Mo), aluminum (Al), chrome (Cr), gold
(Au), titanium (Ti), nickel (Ni), neodymium (Nd), and cop-
per (Cu) or an alloy of them, without being limited thereto.
[0031] The oxide semiconductor layer 104 is formed
so as to be below the gate insulator pattern 112 and so
as to overlap, or extend beyond at least one dimension
of, the gate electrode 1086, thereby forming a channel
between the source electrode 108 and the drain elec-
trode 110. The oxide semiconductor layer 104 is formed
of an oxide including at least one metal selected from
among Zn, Cd, Ga, In, Sn, Hf and Zr. A first buffer layer
126, a heat-resistant buffer layer 122, and a second buff-
er layer 128 may be sequentially stacked one above an-
other between the oxide semiconductor layer 104 and a
light shielding layer 102 and between a signal link 174
and a lower auxiliary electrode 162, so as to effectively

10

15

20

25

30

35

40

45

50

55

ensure the stability of the device. Here, the heat-resistant
buffer layer 122 and the second buffer layer 128 have
the same pattern.

[0032] The heat-resistant buffer layer 122 is formed of
anorganicfilm material having a lower dielectric constant
than those of the first and second buffer layers 126 and
128, for example, acryl resin. The heat-resistant buffer
layer 122 is formed below the oxide semiconductor layer
104 of the switching/driving thin-film transistor 100. In
addition, the heat-resistant buffer layer 122 is formed be-
low signal links 174, each of which connects at least one
signal line, selected from among a gate line, a data line,
and a power line, with the signal pad 150. Moreover, the
heat-resistant buffer layer 122 is also formed between
the signal line and the lower auxiliary electrode 162,
which intersects (overlaps) the signal line. In this way,
the parasitic capacitance between the signal line, each
signal link, and the lower auxiliary electrode 162 embed-
dedin atrench 101a of a substrate 101 and the parasitic
capacitance between each electrode of the switch-
ing/driving thin-film transistor 100 and the light shielding
layer 102 are reduced in proportion to the dielectric con-
stant of the heat-resistant buffer layer 122. In this way,
signal interference between the signal line, each signal
link, and the lower auxiliary electrode 162 embedded in
the trench 101a of the substrate 101 and signal interfer-
ence between each electrode of the switching/driving
thin-film transistor 100 and the light shielding layer 102
may be minimized.

[0033] The second buffer layer 128 is formed on the
heat-resistant buffer layer 122 in the same pattern as the
heat-resistant buffer layer 122 and serves to prevent the
generation of fumes in the heat-resistant buffer layer 122,
which is formed of an organic film material. Therefore,
the second buffer layer 128 may prevent, for example,
deterioration of the thin-film transistor 100 due to such
fumes. The second buffer layer 128 is formed of SiNx or
SiOx, in the same manner as the first buffer layer 126.
[0034] The light shielding layer 102, which overlaps
the oxide semiconductor layer 104, is embedded in the
trench 101a of the substrate 101. The light shielding layer
102 may absorb or reflect light introduced from the out-
side, and therefore may minimize the introduction of light
to the oxide semiconductor layer 104. The light shielding
layer 102 is formed of an opaque metal, such as Mo, Ti,
Al, Cu, Cr, Co, W, Ta, Ni, Au, Ag, Sn, and Zn.

[0035] The storage capacitor 140 includes a storage
lower electrode 142 and a storage upper electrode 144,
which overlap each other with the interlayer insulator film
116 therebetween. The storage lower electrode 142,
which is the same layer as the gate electrode 106, is
formed on the gate insulator pattern 112 using the same
material as that of the gate electrode 106. The storage
upper electrode 144, which is the same layer as the
source electrode 108, is formed on the interlayer insulator
film 116 using the same material as that of the source
electrode 108.

[0036] The light-emitting diode 130 includes the anode
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132 connected to the drain electrode 110 of the thin-film
transistor 100, an organic light-emitting layer 134 formed
on the anode 132, and a cathode 136 formed over the
organic light-emitting layer 134.

[0037] The anode 132 is connected to the drain elec-
trode 110, which is exposed through the pixel contact
hole 120, which penetrates the protective film 118 and
the planarization layer 148. Meanwhile, in the case of a
top emission type organic light-emitting display device,
the anode 132 takes the form of a stack in which a trans-
parent conductive layer, which is formed of, for example,
indium tin oxide (ITO) or indium zinc oxide (IZO), and a
metal layer, which is formed of, for example, aluminum
(Al), silver (Ag), or APC (Ag;Pb;Cu) are stacked one
above another.

[0038] The organic light-emitting layer 134 is formed
on the anode 132 in a light-emitting area defined by a
bank 138. The organic light-emitting layer 134 is formed
by stacking, on the anode 132, a hole-related layer, a
light-emitting layer, and an electron-related layer, either
in that order or in the reverse order.

[0039] The bank 138 has an inner side surface in con-
tact with the organic light-emitting layer 134, and an outer
side surface disposed along the side surface of the anode
132 so as to cover the side surface of the anode 132. As
such, because the bank 138 is formed along the rim of
the anode 132 except the light-emitting area so as to
cover the side surface ofthe anode 132, the light-emitting
area has an island shape. The bank 138 may be formed
of an opaque material (e.g. a black material) in order to
prevent optical interference between neighboring sub-
pixels. Inthis case, the bank 138 includes a light shielding
formed of at least one selected from among a color pig-
ment, organic black materials and carbon materials.
[0040] The cathode 136 is formed onthe upper surface
and the side surface of the organic light-emitting layer
134 and the bank 138 so as to be opposite the anode
132 with the organic light-emitting layer 134 interposed
therebetween. In the case of a top emission type organic
light-emitting display device, the cathode 136 is formed
of a transparent conductive oxide (TCO).

[0041] The auxiliary electrode 160 is formed in order
to reduce the resistance of the cathode 136, which in-
creases as the area of the organic light-emitting display
device increases. The auxiliary electrode 160 includes
the lower auxiliary electrode 162, an intermediate auxil-
iary electrode 164, and an upper auxiliary electrode 166.
[0042] The lower auxiliary electrode 162 is embedded
in the trench 101a of the substrate 101 and is formed of
the same material as that of the light shielding layer 102.
Because the lower auxiliary electrode 162 is embedded
inthe trench 101a of the substrate 101 so as to be formed
below the heat-resistant buffer layer (thick film), which
prevents signal interference, unlike a conventional lower
auxiliary electrode, which is formed on a thick organic
film, process failure, such as erosion, may be prevented,
which may ensure structural stability.

[0043] Theintermediate auxiliary electrode 164 is elec-
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trically connected to the lower auxiliary electrode 162,
which is exposed through a first auxiliary contact hole
168a, which penetrates the first buffer layer 126 and the
interlayer insulator film 116. The intermediate auxiliary
electrode 164 includes the transparent conductive layer
172a and the opaque conductive layer 172b formed on
the transparent conductive layer 172a.

[0044] The upper auxiliary electrode 166 is electrically
connected to the intermediate auxiliary electrode 164,
which is exposed through a second auxiliary contact hole
168b, which penetrates the protective film 118 and the
planarization layer 148. The upper auxiliary electrode
166 is formed in the same plane as the anode 132 using
the same material as that of the anode 132.

[0045] A partition 146, which is formed on the upper
auxiliary electrode 166, has an inversely tapered shape,
the width of which gradually increases with decreasing
distance to the upper surface of the partition 146.
Through the provision of the partition 146, the organic
light-emitting layer 134, which is straightly grown, is
formed only on the upper surface of the partition 146 and
the upper surface of the anode 132, which is located in
the light-emitting area exposed by the bank 138. On the
other hand, because the cathode 136, which has step
coverage superior to that of the organic light-emitting lay-
er 134, is also formed on the side surfaces of the partition
146 and the bank 138, the cathode 136 may be easily
brought into contact with the upper auxiliary electrode
166. Meanwhile, although the case where the upper aux-
iliary electrode 162 is connected to the cathode 136 has
been described by way of example, the upper auxiliary
electrode 162 may be connected to the anode 132.
[0046] The signal pad 150 is connected to at leastone
signal line among the gate line, the data line, and the
power line through the signal link 174. The signal pad
150 includes a lower pad electrode 152 and an upper
pad electrode 154.

[0047] The lower pad electrode 152 is formed of the
same material as that of the light shielding layer 102, and
is embedded in the trench 101a of the substrate 101. The
upper pad electrode 154 is electrically connected to the
lower pad electrode 152, which is exposed through a pad
contact hole 156, which penetrates the first buffer layer
126 and the interlayer insulator film 116. The upper pad
electrode 154 includes the transparent conductive layer
172a. The upper pad electrode 154 is exposed outward
through a pad hole 158, which penetrates the first pro-
tective film 118.

[0048] The alignment key 170 serves as a rule for po-
sitional alignment between the substrate 101 and a fab-
rication device (e.g. a photomask or a shadow mask) that
is used to form a thin film on the substrate 101. The align-
ment key 170 may be embedded in the trench 101a of
the substrate 101, in the same manner as the light shield-
ing layer 102, the lower auxiliary electrode 162, and the
lower pad electrode 152 as illustrated in FIG. 1, or may
be formed on the substrate 101 in the state in which each
of the light shielding layer 102, the lower auxiliary elec-
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trode 162, and the lower pad electrode 152 is embedded
in the trench 101a.

[0049] The alignment key 170 illustrated in FIG. 1 is
formed via electroplating or electroless plating as illus-
trated in FIGs. 3A to 3D. Specifically, after a photoresist
pattern 182 is formed on the substrate 101 via a photo-
lithography process as illustrated in FIG. 3A, the sub-
strate 101 is patterned via an etching process in which
the photoresist pattern 182 is used as a mask, whereby
a plurality of trenches 101a is formed in the substrate
101. Subsequently, as illustrated in FIG. 3B, a seed metal
184 is deposited at room temperature on the substrate
101 on which the photoresist pattern 182 remains. Here,
the seed metal 184 is a low-resistance metal, such as
silver (Ag), gold (Au), copper (Cu), nickel (Ni), tin (Sn),
or zinc (Zn). Subsequently, as illustrated in FIG. 3C, the
photoresist pattern 182 and the seed metal 184 on the
photoresist pattern 182 are removed via the stripping of
the photoresist pattern 182. Subsequently, as the seed
metal 184 remaining in the trenches 101a is grown, as
illustrated in FIG. 3D, the light shielding layer 102, the
lower auxiliary electrode 162, the lower pad electrode
152, and the alignment key 170 are simultaneously
formed in the trenches 101a. Meanwhile, the light shield-
ing layer 102, the lower auxiliary electrode 162, the lower
pad electrode 152, and the alignment key 170, which are
formed of the seed metal (e.g. Cu) using electroplating
or electroless plating, have the same resistivity as a thin
layer, which is formed of copper Cu via deposition.
[0050] The alignment key 170 illustrated in FIG. 2 is
formed using a multi-stepped photoresist pattern 186 as
illustrated in FIGs. 4A to 4D. Specifically, as illustrated
in FIG. 4A, after an opaque metal layer 170a is deposited
throughout the surface of the substrate 101, the multi-
stepped photoresist pattern 186 is formed on the opaque
metal layer 170a via a photolithography process using a
halftone mask. The multi-stepped photoresist pattern
186 includes a first photoresist pattern 186a having afirst
thickness and a second photoresist pattern 186b having
a second thickness, which is greater than the first thick-
ness. By etching the opaque metal layer 170a and the
substrate 101 via an etching process in which the multi-
stepped photoresist pattern 186 is used as a mask, as
illustrated in FIG. 4B, the opaque metal layer 170a re-
mains between the multi-stepped photoresist pattern 186
and the substrate 101, and the trenches 101a are formed
in the substrate 101.

[0051] Subsequently, by ashingthe photoresist pattern
186, the second photoresist pattern 186b is reduced in
thickness, and the first photoresist pattern 186a is re-
moved. By etching the opaque metal layer 170a using
the second photoresist pattern 186b, having a reduced
thickness, as a mask, as illustrated in FIG. 4C, the re-
maining opaque metal layer 170a excluding the opaque
metal layer 170a located below the second photoresist
pattern 186b is removed. The remaining opaque metal
layer 170a below the second photoresist pattern 186b
becomes the alignment key 170. The photoresist pattern
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186b remaining on the alignment key 170, as illustrated
in FIG. 4D, is removed via a stripping process. After the
alignment key 170 is formed, an opaque metal layer is
deposited on the substrate 101 in which the trenches
101a have been formed, and thereafter is patterned via
a photolithography process and an etching process.
Thereby, the light shielding layer 102, the lower auxiliary
electrode 162, and the lower pad electrode 152 are si-
multaneously formed in the trenches 101a.

[0052] Meanwhile, an etching process using the pho-
toresist pattern 182 as a mask is required in order to from
the trenches 101a in the substrate 101. However, in the
case of a comparative example in which the adhesive
force between the substrate 101 and the photoresist pat-
tern 182 is not good, as illustrated in FIG. 5, an etching
solution permeates between the substrate 101 and the
photoresist pattern 182. Thereby, an undercut having a
first width D1 is formed between the side surface of the
substrate 101 and the photoresist pattern 182. The width
of the substrate 101 located between the neighboring
trenches 101a may be reduced, thus causing short cir-
cuits between electrodes embeddedin the trenches 101a
and extending the tails of the electrodes in the trenches
101a, which makes it difficult to achieve high resolution.
[0053] Onthe other hand, in an example of the present
invention, prior to applying a photoresist onto the sub-
strate 101, hexamethyldisilazane (HMDS) is applied onto
the substrate 101 for the surface treatment of the sub-
strate 101. Because HMDS serves to increase adhesive
force between the substrate 101 and the photoresist, up-
on etching of the substrate 101, it is possible to prevent
an etching solution from permeating between the sub-
strate 101 and the photoresist pattern 182. Thereby, an
undercut having a second width D2, which is smaller than
that of the comparative example, is formed between the
side surface of the substrate 101 and the photoresist pat-
tern 182. In this way, the width of the substrate 101 lo-
cated between the neighboring trenches 101a may be
greater than that in the comparative example, thus pre-
venting short circuits between electrodes embedded in
the trenches 101a and shortening the tails of the elec-
trodes in the trenches 101a, which makes it easy to
achieve high resolution.

[0054] FIGs. 6A to 6H are sectional views illustrating
a method of fabricating the organic light-emitting display
device of FIG. 1. Meanwhile, because the method of fab-
ricating the organic light-emitting display device of FIG.
2 is the same as the method of fabricating the organic
light-emitting display device of FIG. 1 from the formation
of the first buffer layer 126, a description related to the
method of fabricating the organic light-emitting display
device of FIG. 2 is omitted therein.

[0055] Referring to FIG. 6A, as described above with
reference to FIGs. 3A to 3D, the trenches 101a are
formed in the substrate 101, and the light shielding layer
102, the lower auxiliary electrode 162, the lower pad elec-
trode 152, and the alignment key 170 are embedded in
the trenches 101a.
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[0056] Referring to FIG. 6B, the first buffer layer 126
is formed on the substrate 101 in which the light shielding
layer 102, the lower auxiliary electrode 162, the lower
pad electrode 152, and the alignment key 170 have been
formed in the trenches 101a, and the heat-resistant buffer
layer 122, the second buffer layer 128, and the oxide
semiconductor layer 104 are formed on the first buffer
layer 126.

[0057] Specifically, the first buffer layer 126, the heat-
resistant buffer layer 122, the second buffer layer 128,
and the oxide semiconductor layer 104 are formed via
deposition on the substrate 101 in which the light shield-
ing layer 102, the lower auxiliary electrode 162, the lower
pad electrode 152, and the alignment key 170 have been
formed in the trenches 101a. Subsequently, the heat-
resistant buffer layer 122, the second buffer layer 128,
and the oxide semiconductor layer 104 are selectively
etched via a photolithography process using a halftone
mask and an etching process. Thereby, the heat-resist-
ant buffer layer 122, the second buffer layer 128, and the
oxide semiconductor layer 104, which have the same
pattern, are sequentially stacked one above another in
the area at which they overlap the light shielding layer
102, and the heat-resistant buffer layer 122 and the sec-
ond buffer layer 128 are sequentially stacked one above
another in the area at which they overlap the lower aux-
iliary electrode 162.

[0058] In this way, the heat-resistant buffer layer 122
and the second buffer layer 128 are formed via the same
mask process as the oxide semiconductor layer 104. In
this case, because the heat-resistant buffer layer 122,
which has different etching properties from those of the
second buffer layer 128 and the oxide semiconductor
layer 104, is disposed below the second buffer layer 128
and the oxide semiconductor layer 104, process failure,
such asthe occurrence of undercutting may be prevented
after the etching process, and process stability may be
acquired.

[0059] Referring to FIG. 6C, the gate insulator pattern
112, the lower storage electrode 142, and the gate elec-
trode 106 are formed on the substrate 101 on which the
heat-resistant buffer layer 122, the second buffer layer
128, and the oxide semiconductor layer 104 have been
formed.

[0060] Specifically, a gate insulator film is formed on
the substrate 101 onwhich the heat-resistant buffer layer
122, the second buffer layer 128, and the oxide semicon-
ductor layer 104 have been formed, and a gate metal
layer is formed on the gate insulator film via deposition,
such as sputtering. The gate insulator film is formed of
an inorganic insulation material, such as SiOx or SiNx.
The gate metal layer may be a single layer formed of a
metal, such as Mo, Ti, Cu, AINd, Al, or Cr, or an alloy
thereof, or may be multiple layers using the same. Sub-
sequently, by simultaneously patterning the gate metal
layer and the gate insulator film via a photolithography
process and an etching process, each of the gate elec-
trode 106 and the lower storage electrode 142 is formed
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in the same pattern as the gate insulator pattern 112.
[0061] ReferringtoFIG. 6D, the interlayer insulator film
116, which has the source and drain contact holes 124S
and 124D, the first pad contact hole 156, and the first
auxiliary contact hole 168a, is formed on the substrate
101 on which the gate electrode 106 and the lower stor-
age electrode 142 are formed.

[0062] Specifically, the interlayer insulator film 116 is
formed onthe substrate 101, on which the gate electrode
106 and the lower storage electrode 142 are formed, via
deposition, such as PECVD. Subsequently, by patterning
the interlayer insulator film 116 and the first buffer layer
126 via a photolithography process and an etching proc-
ess, the source and drain contact holes 124S and 124D,
the first pad contact hole 156, and the first auxiliary con-
tact hole 168a are formed.

[0063] Referringto FIG. 6E, the source electrode 108,
the drain electrode 110, the upper storage electrode 144,
and the upper pad electrode 154 are formed on the in-
terlayerinsulatorfilm 116, which has the source and drain
contact holes 124S and 124D, the first pad contact hole
156, and the first auxiliary contact hole 168a.

[0064] Specifically, the transparent conductive layer
172a and the opaque conductive layer 174 are sequen-
tially deposited via, for example, sputtering on the inter-
layer insulator film 116, which has the source and drain
contact holes 1248 and 124D, the first pad contact hole
156, and the first auxiliary contact hole 168a. Subse-
quently, by patterning transparent conductive layer 172a
and the opaque conductive layer 174 via a photolithog-
raphy process using a halftone mask and an etching proc-
ess, the source electrode 108, the drain electrode 110,
the upper storage electrode 144, and the upper pad elec-
trode 154 are formed. At this time, the source electrode
108, the drain electrode 110, and the upper storage elec-
trode 144 take the form of a stack including the transpar-
ent conductive layer 172a and the opaque conductive
layer 174, and the upper pad electrode 154 is formed of
the transparent conductive layer 172a, which has high
corrosion resistance and acid resistance.

[0065] Referringto FIG. 6F, the protective film 118 and
the planarization layer 148, which have the pixel contact
hole 120 and the second auxiliary contact hole 168b, are
formed on the interlayer insulator film 116, on which the
source electrode 108, the drain electrode 110, the upper
storage electrode 144, and the upper pad electrode 154
have been formed.

[0066] Specifically, the protective film 118 and the
planarization layer 148 are sequentially formed on the
interlayer insulator film 116, on which the source elec-
trode 108, the drain electrode 110, the upper storage
electrode 144, and the upper pad electrode 154 have
been formed. The protective film 118 is formed of an in-
organic insulation material, such as SiOx or SiNx, and
the planarization layer 148 is formed of an organic insu-
lation material, such as photoacryl. Subsequently, by se-
lectively etching the protective film 118 and the planari-
zation layer 148 via a photolithography process using a
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halftone mask and an etching process, the pixel contact
hole 120 and the second auxiliary contact hole 168b are
formed. The pixel contact hole 120 penetrates the pro-
tective film 118 and the planarization layer 148 so as to
expose the drain electrode 110, and the second auxiliary
contact hole 168b penetrates the protective film 118 and
the planarization layer 148 so as to expose the interme-
diate auxiliary electrode 164. Then, the planarization lay-
er 148 is selectively removed from the top of the signal
pad 150 so that the protective film 118 on the top of the
signal pad 150 is exposed.

[0067] Referring to FIG. 6G, the anode 132, the bank
138, and the pad hole 158 are formed on the substrate
101 onwhich the protective film 118 and the planarization
layer 148, which have the pixel contact hole 120 and the
second auxiliary contact hole 168b, have been formed.
[0068] Specifically, an opaque conductive film and a
bank photosensitive film are applied throughout the sur-
face of the substrate 101 on which the protective film 118
has been formed. Subsequently, by patterning the bank
photosensitive film, the opaque conductive film, and the
protective film 118 via a photolithography process using
a halftone mask and an etching process, the anode 132,
the bank 138, and the pad hole 158 are formed.

[0069] Referring to FIG. 6H, the partition 146, the or-
ganic light-emitting layer 134, and the cathode 136 are
sequentially formed on the substrate 101, which has the
anode 132, the bank 138, and the pad hole 158.

[0070] Specifically, after a partition photosensitive film
is applied onto the substrate having the anode 132, the
bank 138, and the pad hole 158, the partition photosen-
sitive film is patterned via a photolithography process so
as to form the inversely tapered partition 146. Subse-
quently, the organic light-emitting layer 134 is formed in
the light-emitting area exposed by the bank 138, and the
cathode 136 is formed on the substrate 101 on which the
organic light-emitting layer 134 has been formed.
[0071] As described above, in the organic light-emit-
ting display device in accordance with the present inven-
tion, the light shielding layer 102 and the lower auxiliary
electrode 162 are formed via the same single mask proc-
ess, and the oxide semiconductor layer 104, the heat-
resistant buffer layer 122, and the second buffer layer
128 are formed via the same single mask process. In this
way, the organic light-emitting display device in accord-
ance with the present invention may reduce the number
of mask processes by a total of at least 2 processes com-
pared to the prior art, thereby achieving enhanced pro-
ductivity and reduced costs.

[0072] In addition, in the present invention, because
the lower auxiliary electrode 162 is embedded in the
trench 101a of the substrate 101 and the heat-resistant
buffer layer 122 is disposed on the substrate 101, the
heat-resistant buffer layer may prevent corrosion failure
ofa signalline including the lower auxiliary electrode 162,
thereby ensuring structural stability.

[0073] Meanwhile, although the presentinvention has
described the case where the semiconductor layer 104
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of the driving thin-film transistor 100 is formed of an oxide
by way of example, the semiconductor layer 104 of the
driving thin-film transistor 100 may be formed of polysil-
icon.

[0074] It will be apparent to those skilled in the art that
the present invention described above is not limited to
the embodiments described above and the accompany-
ing drawings, and various substitutions, modifications,
and alterations may be devised within the scope of the
present invention, which is defined by the appended
claims.

[0075] The following is a list of aspects of the present
invention.

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

a substrate having a plurality of trenches;

a thin film transistor disposed on the substrate;
a light-emitting diode connected to the thin film
transistor;

an upper auxiliary electrode connected to any
one of an anode and a cathode of the light-emit-
ting diode; and

a lower auxiliary electrode embedded in the
trench and connected tothe upper auxiliary elec-
trode.

Aspect 2. The device according to aspect 1, further
comprising:

a light shielding layer located in an area over-
lapping the thin-film transistor and embedded in
the trench; and

a first buffer layer, a heat-resistant buffer layer,
and a second buffer layer sequentially stacked
one above another between the light shielding
layer and the thin film transistor.

Aspect 3. The device according to aspect 2, wherein
the heat-resistant buffer layer is composed of an or-
ganic film material having a lower dielectric constant
than those of the first and second buffer layers.
Aspect 4. The device according to aspect 3, further
comprising:

a signal link located above the lower auxiliary
electrode; and

a signal pad connected to the signal link,
wherein the first buffer layer, the heat-resistant
buffer layer, and the second buffer layer are se-
quentially stacked one above another between
the lower auxiliary electrode and the signal link,
and

wherein the signal pad includes:

a lower pad electrode embedded in the
trench; and
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an upper pad electrode connected to the
lower pad electrode exposed through a pad
contact hole, the pad contact hole penetrat-
ing the first buffer layer and an interlayer
insulator film.

Aspect 5. The device according to aspect 4, further
comprising an alignment key embedded in the
trench, or disposed on the substrate.

Aspect 6. A method of fabricating an organic light-
emitting display device, the method comprising:

providing a substrate having a plurality of trench-
es inwhich a lower auxiliary electrode is embed-
ded;

forming a thin film transistor on the substrate in
which the lower auxiliary electrode has been
formed;

forming an anode connected to the thin film tran-
sistor and an upper auxiliary electrode connect-
ed to the lower auxiliary electrode;

forming an organic light-emitting layer on the an-
ode; and

forming a cathode on the organic light-emitting
layer.

Aspect 7. The method according to aspect 6, wherein
the providing includes:

forming a photoresist pattern on the substrate;
forming the trenches by etching the substrate
using the photoresist pattern;

depositing a seed metal throughout a surface of
the substrate on which the photoresist pattern
remains;

removing the photoresist pattern and the seed
metal on the photoresist pattern; and

forming the lower auxiliary electrode and an
alignment key embedded in the trenches by
growing the seed metal.

Aspect 8. The method according to aspect 6, wherein
the providing includes:

Forming, on the substrate, an opaque metal lay-
er and a multi-stepped photoresist pattern on
the opaque metal layer;

forming the trenches by etching the substrate
and the opaque metal layer using the multi-
stepped photoresist pattern;

ashing the multi-stepped photoresist pattern;
forming an alignment key by etching the opaque
metal layer using the ashed photoresist pattern;
and

forming the lower auxiliary electrode embedded
in the trench, formed in the substrate in which
the alignment key has been formed.
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Aspect 9. The method according to aspect 7, further
comprising:

forming a light shielding layer, which is disposed
inan area overlapping the thinfilm transistor and
is embedded in the trench, simultaneously with
formation of the lower auxiliary electrode;
forming a first buffer layer on the substrate in
which the light shielding layer, the lower auxiliary
electrode, and the alignment key have been
formed;

forming, on the first buffer layer, a heat-resistant
buffer layer, a second buffer layer, and a semi-
conductor layer of the thin film transistor, which
overlap the light shielding layer, and simultane-
ously forming the heat-resistant buffer layer and
the second buffer layer, which overlap the lower
auxiliary electrode;

forming a gate insulator pattern and a gate elec-
trode of the thin film transistor on the semicon-
ductor layer of the thin film transistor;

forming an interlayer insulator film on the gate
electrode of the thin film transistor; and
forming source and drain electrodes of the thin
film transistor and a signal link on the interlayer
insulator film.

Aspect 10. The method according to aspect 8, further
comprising:

Claims

forming a light shielding layer, which is disposed
inan area overlapping the thinfilm transistor and
is embedded in the trench, simultaneously with
formation of the lower auxiliary electrode;
forming a first buffer layer on the substrate in
which the light shielding layer, the lower auxiliary
electrode, and the alignment key have been
formed;

forming, on the first buffer layer, a heat-resistant
buffer layer, a second buffer layer, and a semi-
conductor layer of the thin film transistor, which
overlap the light shielding layer, and simultane-
ously forming the heat-resistant buffer layer and
the second buffer layer, which overlap the lower
auxiliary electrode;

forming a gate insulator pattern and a gate elec-
trode of the thin film transistor on the semicon-
ductor layer of the thin film transistor;

forming an interlayer insulator film on the gate
electrode of the thin film transistor; and
forming source and drain electrodes of the thin
film transistor and a signal link on the interlayer
insulator film.

1. An organic light-emitting display device comprising:
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a substrate (101) having a plurality of trenches
(101a);

a thin film transistor (100) disposed on the sub-
strate (101) ;

a light-emitting diode (130) connected to the thin
film transistor (100);

an upper auxiliary electrode (166) connected to
any one of an anode (132) and a cathode (136)
of the light-emitting diode (130); and

a lower auxiliary electrode (162) embedded in
anauxiliary electrode trench ofthe substrate and
connected to the upper auxiliary electrode (166).

The organic light-emitting display device of claim 1,
further comprising a first buffer layer (126) formed
on the substrate (101).

The organic light-emitting display device of claim 2,
further comprising a light shielding layer (102) over-
lapping with the thin-film transistor (100), wherein
the light shielding layer (102) is embedded in a light
shielding trench of the substrate (101).

The organic light-emitting display device of claim 3,
further comprising:

a heat-resistant buffer layer (122), and

a second buffer layer (128);

wherein the first buffer layer (126), the heat-re-
sistant buffer layer (122), and the second buffer
layer (128) are sequentially stacked one above
another between the light shielding layer (102)
and the thin film transistor (100).

The organic light-emitting display device of claim 4,
wherein the heat-resistant buffer layer (122) is com-
posed of an organic film material having a lower di-
electric constantthan those of the first (126) and sec-
ond buffer layers (128).

The organic light-emitting display device of any one
of the preceding claims that is dependent on claim
2, further comprising a lower pad electrode (152) em-
bedded in a lower pad trench of the substrate (101)
and an upper pad electrode (154) connected to the
lower pad electrode (152) through the first buffer lay-
er (126).

The organic light-emitting display device of claim 6,
further comprising:

a signal link (174) located above the lower aux-
iliary electrode (162); and

a signal pad (150) connected to the signal link,
wherein the first buffer layer (126), the heat-re-
sistant buffer layer (122), and the second buffer
layer (128) are sequentially stacked one above
another between the lower auxiliary electrode
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(162) and the signal link (174), and
wherein:

the signal pad (150) includes the lower pad
electrode (152) and the upper pad electrode
(154);

the upper pad electrode (154) is connected
to the lower pad electrode (152) through a
pad contact hole (156), and

the pad contact hole (156) being located the
first buffer layer (126) and an interlayer in-
sulator film (116).

8. The organic light-emitting display device of claims 1

to 7, further comprising an alignment key (170) em-
bedded in an alignment key trench of the substrate
(101), or disposed on the substrate (101).

A method of fabricating an organic light-emitting dis-
play device, the method comprising:

Providing a substrate (101) having a plurality of
trenches (101a) in which a lower auxiliary elec-
trode is embedded (162);

forming a thin film transistor (100) on the sub-
strate (101) in which the lower auxiliary elec-
trode (162) has been formed;

forming an anode (132) connected to the thin
film transistor (100) and an upper auxiliary elec-
trode (166) connected to the lower auxiliary elec-
trode (162);

forming an organic light-emitting layer (134) on
the anode; and

forming a cathode (136) on the organic light-
emitting layer (134).

10. The method according to claim 9, wherein the pro-

viding includes:

forming a photoresist pattern (182) on the sub-
strate (101) ;

forming the trenches by etching the substrate
(101) using the photoresist pattern (182);
depositing a seed metal (184) throughout a sur-
face of the substrate (101) on which the pho-
toresist pattern (182) remains;

removing the photoresist pattern (182 and the
seed metal on the photoresist pattern; and
forming the lower auxiliary electrode (162) and
an alignment key (170), which are embedded in
the trenches, by growing the seed metal.

11. The method according to claim 9, wherein the pro-

viding includes:

forming, on the substrate, an opaque metallayer
and a multi-stepped photoresist pattern (186) on
the opaque metal layer (170a);
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forming the trenches (101a) by etching the sub-
strate and the opaque metal layer (170a) using
the multi-stepped photoresist pattern (186);
ashing the multi-stepped photoresist pattern
(186);

forming an alignment key (170) by etching the
opaque metal layer (170a) using the ashed pho-
toresist pattern; and

forming the lower auxiliary electrode (162) in the
trench formed in the substrate in which the align-
ment key (170) has been formed.

12. The method according to claim 10, further compris-

simultaneously forming a light shielding layer
(102), in an area overlapping the thin film tran-
sistor (100), and the lower auxiliary electrode
(162) in respective trenches in the substrate
(101);

forming afirst buffer layer (126) on the substrate
(101) in which the light shielding layer (102), the
lower auxiliary electrode (162), and the align-
ment key (170) have been formed;

forming, on the first buffer layer (126), a heat-
resistant buffer layer (122), a second buffer layer
(128), and a semiconductor layer (104) of the
thin film transistor (101) which overlap the light
shielding layer (102), and simultaneously form-
ing the heat-resistant buffer layer (122) and the
second buffer layer (128), which overlap the low-
er auxiliary electrode (160);

forming a gate insulator pattern (112) and a gate
electrode (106) of the thin film transistor (100)
on the semiconductor layer (104) of the thin film
transistor (100);

forming an interlayer insulator film (116) on the
gate electrode (106) of the thin film transistor
(100); and

forming source (108) and drain (110) electrodes
of the thin film transistor (100) and a signal link
(174) on the interlayer insulator film (116).

13. The method according to claim 11, further compris-

simultaneously forming a light shielding layer
(102), in an area overlapping the thin film tran-
sistor (100), and the lower auxiliary electrode
(162) in respective trenches of the substrate;
forming afirst buffer layer (126) on the substrate
(101) in which the light shielding layer (102), the
lower auxiliary electrode (162), and the align-
ment key (170) have been formed;

forming, on the first buffer layer (126), a heat-
resistant buffer layer (122), a second buffer layer
(128), and a semiconductor layer (104) of the
thin film transistor (100), which overlap the light
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14.

15.

shielding layer (102), and simultaneously form-
ing the heat-resistant buffer layer (122) and the
second buffer layer (128), which overlap the low-
er auxiliary electrode (162);

forming a gate insulator pattern (112) and agate
electrode (106) of the thin film transistor (100)
on the semiconductor layer (104) of the thin film
transistor (100);

forming an interlayer insulator film (116) on the
gate electrode (106) of the thin film transistor
(100); and

forming source (108) and drain (110) electrodes
of the thin film transistor (100) and a signal link
(174) on the interlayer insulator film (116).

The method of fabricating an organic light-emitting
display device of claim 9, further comprising forming
a buffer layer on the provided substrate (101).

The method of fabricating an organic light-emitting
display device of claim 9, wherein the provided sub-
strate (101) has a lower pad electrode (152) embed-
ded, and the method further includes connecting an
upper pad electrode (154) to the lower pad electrode
(152) through the buffer layer.
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