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(7) ABSTRACT

An organic light-emitting diode display and a method of
manufacturing the same are disclosed. In one aspect, the
display includes a substrate including a display area config-
ured to display an image and a peripheral area surrounding the
display area. The display also includes a thin film transistor
formed in the display area over the substrate, a first planariza-
tion layer covering the TFT in the display area, and an OLED
formed over the first planarization layer and electrically con-
nected to the TFT. The display also includes a second pla-
narization layer formed in the peripheral area, the second

HOIL 27/32 (2006.01) planarization layer including a plurality of out-gassing holes
HOIL 51/56 (2006.01) formed therein, and at least a portion of the second planariza-
HOIL 51/52 (2006.01) tion layer thinner than the first planarization layer.
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ORGANIC LIGHT-EMITTING DIODE
DISPLAY AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2015-0010125 filed in the
Korean Intellectual Property Office on Jan. 21, 2015, the
entire contents of which are incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] The described technology generally relates to an
organic light-emitting diode display and a method of manu-
facturing the same.

[0004] 2. Description of the Related Technology

[0005] Typical display devices include liquid crystal dis-
plays (LCDs), plasma display panels (PDPs), organic light-
emitting diode (OLED) displays, field effect displays (FEDs),
electrophoretic display devices (EPDs), and the like.

[0006] An OLED display includes two electrodes and an
organic emission layer interposed therebetween. Electrons
injected from one electrode and holes injected from the other
electrode are bonded to each other in the organic emission
layer to form excitons, and light is emitted while the excitons
discharge energy.

[0007] Since an OLED display has self-luminance charac-
teristics and does not require a separate light source, unlike a
liquid crystal display, thickness and weight thereof can be
reduced. Further, because an OLED display has favorable
characteristics such as low power consumption, high lumi-
nance, and high refresh rate, OLED technology has come into
vogue as a next generation display technology.

[0008] Generally, in OLED displays, an organic layer
including the emission layer degrade due to residual gas in a
planarization layer formed of an organic material, which
results in a pixel contraction phenomenon.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

[0009] Oneinventive aspect relates to an OLED display and
a method of manufacturing the same, which induce effective
out-gassing and simultaneously suppresses a pixel contrac-
tion phenomenon, thereby improving the reliability of prod-
ucts.

[0010] Another aspect is an OLED display, including: a
substrate including a display area for displaying an image and
a peripheral area neighboring the display area; a thin film
transistor formed in the display area on the substrate; a first
planarization layer covering the thin film transistor in the
display area; an organic light emitting element formed on the
first planarization layer to be connected to the thin film tran-
sistor; and a second planarization layer formed in the periph-
eral area, the second planarization layer having a plurality of
out-gassing holes formed therein, wherein a thickness of the
second planarizationlayer in at least a region of the peripheral
area 1s smaller than that of the first planarization layer.
[0011] The plurality of out-gassing holes can be formed in
the region of the peripheral area.

[0012] A width between a pair of adjacent out-gassing
holes among the plurality of out-gassing holes can be 400 to
700 um.
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[0013] The OLED display can further include a plurality of
wires formed in the peripheral area on the substrate, the
plurality of wires being covered by the second planarization
layer. Some of the plurality of wires can be positioned
between the pair of out-gassing holes.

[0014] The thin film transistor can include: an active layer
formed on the substrate; a gate electrode formed on the active
layer; and source and drain electrodes positioned on the gate
electrode, the source and drain electrodes being connected to
the active layer. The first planarization layer can cover the
source and drain electrodes, and the source and drain elec-
trodes can be formed in the same layer as the plurality of
wires.

[0015] The organic light emitting element can include: a
first electrode formed on the first planarization layer to be
connected to the drain electrode; a pixel defining layer formed
over the first electrode to define a pixel area; an organic
emission layer formed over the first electrode to contact the
first electrode in the pixel area; and a second electrode formed
on the organic emission layer.

[0016] The OLEDdisplay can further include an alignment
mark formed in the peripheral area, the alignment mark being
covered by the second planarization layer. The alignment
mark can be positioned between the pair of out-gassing holes.
[0017] The thickness of the second planarization layer can
be less than 5 pm.

[0018] The thickness of the first planarization layer can be
6to 8 pm.
[0019] The first and second planarization layers can be

formed in the same layer.

[0020] Another aspect is an OLED display, including: a
substrate including a display area for displaying an image and
aperipheral area neighboring the display area; an active layer
formed in the display area on the substrate; a gate electrode
formed on the active layer; an interlayer insulating layer
formed over the gate electrode; source and drain electrodes
positioned on the interlayer insulating layer, the source and
drain electrodes being connected to the active layer; a first
planarization layer covering the source and drain electrodes
in the display area; an organic light emitting element formed
on the first planarization layer to be connected to the drain
electrode; an alignment mark covered by the interlayer insu-
lating layer in the peripheral area; and a second planarization
layer formed on the interlayer insulating layer in the periph-
eral area, wherein, in the second planarization layer, an expo-
sure hole is formed to expose the interlayer insulating layer
positioned over the alignment mark.

[0021] Thealignment mark can be formed in the same layer
as the gate electrode.

[0022] Another aspect is a method of manufacturing an
OLED display, the method including: preparing a substrate
including a display area for displaying an image and a periph-
eral area neighboring the display area; forming a thin film
transistor in the display area on the substrate; forming a
plurality of wires and alignment marks in the peripheral area;
forming planarization layers respectively covering the thin
film transistor and the plurality of wires and alignment marks
in the display area and the peripheral area; and forming a
plurality of out-gassing holes in the planarization layer in at
least a region of the peripheral area, wherein the thickness of
the planarization layer in the region is formed smaller than
that of the planarization layer in the display area.

[0023] The thin film transistor can include: an active layer
formed on the substrate; a gate electrode formed on the active
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layer; and source and drain electrodes positioned on the gate
electrode, the source and drain electrodes being connected to
the active layer. The first planarization layer can cover the
source and drain electrodes, and the source and drain elec-
trodes can be formed in the same layer as the plurality of wires
and alignment marks.

[0024] The width between a pair of adjacent out-gassing
holes among the plurality of out-gassing holes can be 400 to
700 pum.

[0025] The process of forming the thicknesses of the pla-
narization layers to be different from each other can be per-
formed using a halftone mask.

[0026] Some of the plurality of wires can be positioned
between the pair of out-gassing holes.

[0027] The alignment mark can be positioned between the
pair of out-gassing holes.

[0028] Another aspect is an organic light-emitting diode
(OLED) display, comprising: a substrate comprising a dis-
play area configured to display an image and a peripheral area
surrounding the display area; a thin film transistor (TFT)
formed in the display area over the substrate; a first planariza-
tion layer covering the TFT in the display area; an OLED
formed over the first planarization layer and electrically con-
nected to the TFT; and a second planarization layer formed in
the peripheral area, wherein the second planarization layer
includes a plurality of out-gassing holes formed therein,
wherein the second planarization layer is thinner than the first
planarization layer.

[0029] Inthe above display, the second planarization layer
is formed only in the peripheral area.

[0030] In the above display, the width between a pair of
adjacent ones of the out-gassing holes is in the range of about
400 pm to about 700 pum.

[0031] The above display further comprises a plurality of
wires formed in the peripheral area over the substrate,
wherein the second planarization layer covers the wires, and
wherein at least one of the wires is positioned between the
pair of adjacent out-gassing holes.

[0032] In the above display, the TFT comprises: an active
layer formed over the substrate; a gate electrode formed over
the active layer; and source and drain electrodes formed over
the gate electrode and electrically connected to the active
layer, wherein the first planarization layer covers the source
and drain electrodes, and wherein the source and drain elec-
trodes are formed on the same layer as the wires.

[0033] In the above display, the OLED comprises: a first
electrode formed over the first planarization layer and elec-
trically connected to the drain electrode; a pixel defining layer
formed over the first electrode so as to define a pixel area; an
organic emission layer formed over the first electrode and
contacting the first electrode in the pixel area; and a second
electrode formed over the organic emission layer.

[0034] The above display further comprises an alignment
mark formed in the peripheral area, wherein the alignment
mark is covered by the second planarization layer, and
wherein the alignment mark is positioned between the pair of
adjacent out-gassing holes.

[0035] In the above display, the width between the pair is
greater than the thickness of the second planarization layer
and the thickness of the first planarization layer.

[0036] In the above display, the width between the pair is
greater than the widths of the out-gassing holes.

[0037] In the above display, the thickness of the second
planarization layer is less than about 5 um.
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[0038] 1In the above display, the thickness of the first pla-
narization layer is in the range of about 6 um to about 8 pum.
[0039] In the above display, the first and second planariza-
tion layers are formed on the same layer.

[0040] Another aspect is an organic light-emitting diode
(OLED) display, comprising: a substrate comprising a dis-
play area configured to display an image and a peripheral area
surrounding the display area; an active layer formed in the
display area; a gate electrode formed over the active layer; an
interlayer insulating layer formed over the gate electrode;
source and drain electrodes formed over the interlayer insu-
lating layer and electrically connected to the active layer; a
first planarization layer covering the source and drain elec-
trodes in the display area; an OLED formed over the first
planarization layer and electrically connected to the drain
electrode; an alignment mark covered by the interlayer insu-
lating layer in the peripheral area; and a second planarization
layer formed over the interlayer insulating layer in the periph-
eral area, wherein an exposure hole is formed in the second
planarization layer so as to expose the interlayer insulating
layer formed over the alignment mark.

[0041] In the above display, the alignment mark is formed
on the same layer as the gate electrode.

[0042] Another aspect is a method of manufacturing an
organic light-emitting diode (OLED) display, the method
comprising: preparing a substrate comprising a display area
configured to display an image and a peripheral area sur-
rounding the display area; forming a thin film transistor
(TFT) in the display area over the substrate; forming a plu-
rality of wires and alignment marks in the peripheral area;
forming a planarization layer in the display area and the
peripheral area to cover the TFT, wires and alignment marks;
and forming a plurality of out-gassing holes in the planariza-
tion layer formed in the peripheral area, wherein the thickness
of the planarization layer formed in the peripheral area is less
than that of the planarization layer formed in the display area.
[0043] In the above method, the TFT comprises: an active
layer formed over the substrate; a gate electrode formed over
the active layer; and source and drain electrodes formed over
the gate electrode and electrically connected to the active
layer, wherein the planarization layer covers the source and
drain electrodes, and wherein the source and drain electrodes
are formed on the same layer as the wires and alignment
marks.

[0044] In the above method, the width between a pair of
adjacent ones of the out-gassing holes is in the range of about
400 pm to about 700 pm.

[0045] In the above method, at least one of the wires is
positioned between the pair of out-gassing holes.

[0046] In the above method, at least one of the alignment
marks is positioned between the pair of out-gassing holes.
[0047] In the above method, the planarization layer is
formed via a halftone mask.

[0048] According to at least one of the disclosed embodi-
ments, effective out-gassing is induced and a pixel contrac-
tion phenomenon is suppressed, thereby improving reliability
of products.

BRIEF DESCRIPTION OF THE DRAWINGS

[0049] FIG. 1 is a top plan view schematically showing a
structure of an OLED display according to a first exemplary
embodiment.
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[0050] FIG. 2 is a schematic cross-sectional view of the
OLED display according to the first exemplary embodiment
taken along line TI-IT of FIG. 1.

[0051] FIG. 3 is a layout view showing one pixel of the
OLED display.
[0052] FIG. 41s a schematic cross-sectional view showing

an OLED display according to a second exemplary embodi-
ment.

[0053] FIG. 5 is a drawing showing a process of manufac-
turing the OLED display according to the first exemplary
embodiment.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0054] Exemplary embodiments will now be described in
detail with reference to the accompanying drawings. The
described technology should not be construed as limited to
the exemplary embodiments set forth herein, and can be
modified in various different ways. Rather, these exemplary
embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the scope of the
described technology to a person of ordinary skill in the art.
[0055] In the drawings, the thickness of layers, films, pan-
els, regions, etc., are exaggerated for clarity. It will be under-
stood that when a layer is referred to as being “on” another
layer or a substrate, it can be directly on the other layer or the
substrate, or a third layer can be interposed therebetween.
Like reference numerals designate like constituent elements
throughout the specification.

[0056] Hereinafter, an OLED display according to a first
exemplary embodiment will be described with reference to
FIGS. 1 to 3. In this disclosure, the term “substantially”
includes the meanings of completely, almost completely or to
any significant degree under some applications and in accor-
dance with those skilled in the art. Moreover, “formed on” can
also mean “formed over.” The term “connected” can include
an electrical connection.

[0057] FIG. 1 is a top plan view schematically showing a
structure of an OLED display according to a first exemplary
embodiment of the present invention. FIG. 2 is a schematic
cross-sectional view of the OLED display according to the
first exemplary embodiment taken along line II-I1 of FIG. 1.
FIG. 3 is a layout view showing one pixel of the OLED
display.

[0058] Referring to FIGS. 1 and 2, in the OLED display
100, the thickness ofa planarization layer in a peripheral area,
in which an out-gassing hole is formed, is formed less than the
thickness of a planarization in a display area.

[0059] Inthe OLED display according to the first embodi-
ment, a substrate 123 includes a display area (DA) for dis-
playing an image and a peripheral area (non-display area,
NDA) neighboring the display area DA.

[0060] The display area DA can include OLEDs, thin film
transistors (TFTs) for driving the OLEDs, and a plurality of
wires connected to the OLEDs and the TFTS. The peripheral
area NDA can include the wires extending from the display
area DA, a pad part or pad portion in which pad electrodes are
formed, an alignment mark that can be used in a process of
manufacturing a display device, and the like. The components
formed in the display area and the peripheral area will be
described later.

[0061] Referringto FIG. 2, the substrate 123 is formed as an
insulating substrate formed of glass, quartz, ceramic, plastic,
or the like.
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[0062] A buffer layer 126 is formed on the substrate 123.
The buffer layer 126 performs functions of preventing pet-
meation of impurities and planarizing a surface thereof. The
buffer layer 126 can be formed of various materials for per-
forming the functions. For example, the buffer layer 126
includes any one of a silicon nitride (SiNXx) layer, a silicon
oxide (SiOx) layer, and a silicon oxynitride (SiOxNy) layer.
However, the buffer layer 126 is not always necessary, and
can be omitted according to a type and process conditions of
the substrate 123.

[0063] A driving semiconductor layer 137 is formed on the
buffer layer 126. The driving semiconductor layer 137 is
formed as a polysilicon layer. In addition, the driving semi-
conductor layer 137 includes a channel region 135 in which
impurities are not doped, and source and drain regions 134
and 136 that are respectively doped at both sides of the chan-
nel region 135. In some embodiments, a doped ion material is
a P-type impurity such as boron (B), and B,H; is generally
used as the doped ion material. The impurity changes depend-
ing on the type of the FTF. Although a driving transistor
including the driving semiconductor layer 137 is described
herein, the described technology is not limited thereto, and a
switching transistor can also be formed on the buffer layer
126.

[0064] A gate insulating layer 127 formed of a silicon
nitride (SiNx) or a silicon oxide (8iOx) is formed over the
driving semiconductor layer 137.

[0065] A gate line including a driving gate electrode 133 is
formed on the gate insulating layer 127. The driving gate
electrode 133 is formed to overlap at least a portion of the
driving semiconductor layer 137, particularly the channel
region 135.

[0066] Meanwhile, an interlayer insulating layer 128 cov-
ering the driving gate electrode 133 is formed on the gate
insulating layer 127. Contact holes 128a respectively expos-
ing the source and drain regions 134 and 136 are formed in the
gate insulating layer 127 and the interlayer insulating layer
128.

[0067] Like the gate insulating layer 127, the interlayer
insulating layer 128 can be formed of a ceramic-based mate-
rial such as a silicon nitride (SiNXx) or a silicon oxide (SiOx).

[0068] A dataline including a driving source electrode 131
and a driving drain electrode 132 is formed on the interlayer
insulating layer 128. The driving source electrode 131 and the
driving drain electrode 132 are connected to the source region
134 and the drain region 136 through the contact holes 128a
respectively formed in the interlayer insulating layer 128 and
the gate insulating layer 127.

[0069] As such, the driving semiconductor layer 137, the
driving gate electrode 133, the driving source electrode 131,
and the driving drain electrode 132 form a driving TFT 130.
The configuration of the driving TFT 130 is not limited
thereto, and can be changed in various ways to a known
configuration that will be readily understood by a technolo-
gistin the TFT field.

[0070] According to the first exemplary embodiment of the
described technology, the TFTs are formed on the display
area DA of the substrate 123.

[0071] A planarization layer 124 covering the data line is
formed on the interlayer insulating layer 128. The planariza-
tion layer removes a step difference and performs planariza-
tion in order to increase the emission efficiency of an OLED
to be formed thereon.
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[0072] Here, the described technology is not limited to the
above-described structure, and either one of the planarization
layer 124 and the interlayer insulating layer 128 can be omit-
ted when desired.

[0073] The planarization layer can be formed of atleast one
of polyacrylate resin, epoxy resin, phenolic resin, polyamide
resin, polyimide resin, unsaturated polyester resin, polyphe-
nylene ether resin, polyphenylene sulfide resin, and benzocy-
clobutene (BCB).

[0074] According to the first exemplary embodiment, the
planarization layer 124 can be divided into a first planariza-
tion layer 124a positioned in the display area DA and a second
planarization layer 124b positioned in the peripheral area
NDA.

[0075] Thus, the first planarization layer 124a can cover the
driving source electrode 131 and the driving drain electrode
132. The first planarization layer 1244 has an electrode via
hole 122a exposing a portion of the drain electrode 132.
[0076] Meanwhile, in the peripheral area NDA, a plurality
of wires or alignment marks 210 can be formed on the inter-
layer insulating layer 128. Reference numeral 210 shown in
FIG. 2 designates the wires or alignment marks.

[0077] The wires or alignment marks 210 can be formed on
the same layer as the data line in the display area DA. That is,
the wires or alignment marks 210 can be formed of the same
material as the data line.

[0078] Insome embodiments, the wires 210 are signal lines
extending from the display area DA, which will be described
later, and the alignment marks 210 are alignment marks used
to align masks in a process of manufacturing a display device.
[0079] In the peripheral area NDA, the second planariza-
tion layer 1245 is formed to cover the wires or alignment
marks 210. A plurality of out-gassing holes 230a and 2305
can be formed in the second planarization layer 1245. The
out-gassing holes are formed in the second planarization
layer 1245 to discharge residual gas in the planarization layer
formed as an organic layer to the outside. However, the out-
gassing holes can be formed in the first planarization layer
124q in the display area DA, as well as the second planariza-
tion layer 1245.

[0080] Insomeembodiments, the wires or alignment marks
210 can be formed between the out-gassing holes. As shown
in FIG. 2, the wires or alignment marks 210 are formed
between adjacent out-gassing holes 230a and 2304.

[0081] Meanwhile, according to the first exemplary
embodiment, the thickness T2 of the second planarization
layer 1245 in a region where the out-gassing holes 230a and
2306 are formed can be formed less than the thickness T1 of
the first planarization layer 124a in the display area DA. The
region in which the out-gassing holes 230a and 2305 are
formed represents a region in which the width W between the
out-gassing holes 230a and 2305 is formed within a substan-
tially constant range. Here, the width W between the out-
gassing holes 2304 and 2305 can be in the range of about 400
um to about 700 um. However, depending on the embodi-
ments, the width W can be less than about 400 pm or greater
than about 700 pm.

[0082] When the adjacent out-gassing holes 230a and 2305
exist in the range of the width W, the amount of residual gas
in the second planarization layer 1245 in the region where the
out-gassing holes are formed increases as compared with
those in other regions. The residual gas degrades an organic
emission layer, which can result in a pixel contraction phe-
nomenon. Thus, in order to prevent the organic emission layer
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from being degraded by the residual gas, the thickness T2 of
the second planarization layer 1245 in the region is formed
less than the thickness T1 of the first planarization layer 124a.
[0083] In some embodiments, the thickness T2 of the sec-
ond planarization layer 1245 is less than about 5 pm. The
thickness T1 of the first planarization layer 124¢ can be in the
range of about 6 um to about 8 pm. However, depending on
the embodiments, the thickness T2 can be greater than about
5 um and the thickness T1 can be less than about 6 um or
greater than about 8 pm.

[0084] Referring to FIG. 3, a first electrode, ie., a pixel
electrode 160, is formed on the first planarization layer 124a
in the display area DA. The OLED display includes a plurality
of pixel electrodes 160 respectively formed in a plurality of
pixels. In some embodiments, the pixel electrodes 160 are
spaced apart from each other. FIG. 3 is a drawing illustrating
the OLED formed on the first planarization layer 124a of the
OLED display shown in FIG. 2.

[0085] The pixel electrode 160 is connected to the drain
electrode 132 through the electrode via hole 122a.

[0086] A pixel defining layer 125 having an opening expos-
ing the pixel electrode 160 is formed on the first planarization
layer 124a. That is, the pixel defining layer 125 has a plurality
of openings formed in the respective pixels.

[0087] An organic emission layer 170 can be formed in
each of the openings formed by the pixel defining layer 125.
Accordingly, a pixel area in which each organic emission
layer is formed can be defined by the pixel defining layer 125.
[0088] In some embodiments, the pixel electrode 160 is
formed to correspond to the opening of the pixel defining
layer 125. However, the pixel electrode 160 is not necessarily
formed in only the opening of the pixel defining layer 125,
and can be formed beneath the pixel defining layer 125 so that
aportion of the pixel electrode 160 overlaps the pixel defining
layer 125.

[0089] The pixel defining layer 125 can be formed of a
polyacrylate resin or a polyimide resin, or silica-based inor-
ganic material.

[0090] The above-described organic emission layer 170 is
formed on the pixel electrode 160.

[0091] The organic emission layer 170 is formed as a plu-
rality of layers including one or more of an emission layer, a
hole-injection layer (HIL), a hole-transporting layer (HTL),
an electron-transporting layer (ETL), and an electron-injec-
tion layer (EIL).

[0092] When the organic emission layer 170 includes all of
the above-described layers, the hole-injection layer can be
positioned on the pixel electrode 160 serving as an anode, and
the hole-transporting layer, the emission layer, the electron-
transporting layer, and the electron-injection layer can be
sequentially laminated on the pixel electrode 160.

[0093] The organic emission layer 170 can include a red
organic emission layer for emitting red light, a green organic
emission layer for emitting green light, and a blue organic
emission layer for emitting blue light. The red organic emis-
sion layer, the green organic emission layer, and the blue
organic emission layer can be respectively formed in red,
green, and blue pixels, thereby displaying a color image.
[0094] Moreover, the red organic emission layer, green
organic emission layer, and blue organic emission layer ofthe
organic emission layer 170 can be respectively laminated on
the red, green, and blue pixels, and a red color filter, a green
color filter, and a blue color filter can be formed for the
respective pixels, thereby displaying a color image.
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[0095] As another example, a white organic emission layer
for emitting white light is formed on all of the red, green, and
blue pixels, and a red color filter, a green color filter, and a
blue color filter are formed for the respective pixels, thereby
displaying a color image. When the white organic emission
layer and the color filters are used to display a color image,
there is no need to use a deposition mask for depositing the
red, green, and blue organic emission layers on the respective
pixels, i.e., the red, green, and blue pixels.

[0096] The white organic emission layer can be formed as
one organic emission layer or a plurality of organic emission
layers that are laminated to emit white light. For example, at
least one yellow organic emission layer and at least one blue
organic emission layer are combined to emit white light, at
least one cyan organic emission layer and at least one red
organic emission layer are combined to emit white light, or at
least one magenta organic emission layer and at least one
green organic emission layer are combined to emit white
light.

[0097] A second electrode, i.e., a common electrode 180,
can be formed over the organic emission layer 170. As such,
an OLED including the pixel electrode 160, the organic emis-
sion layer 170, and the common electrode 180 is formed
[0098] In some embodiments, each of the pixel electrode
160 and the common electrode 180 is formed of a transparent
conductive material or a transflective or reflective conductive
material. For example, the pixel electrode 160 and the com-
mon electrode 180 are formed of a transparent conductive
material such as indium tin oxide (ITO), indium zinc oxide
(1Z0), zinc oxide (ZnO), or indium oxide (In,0,), or a reflec-
tive metal such as lithium (Li), calcium (Ca), lithium fluoride/
calcium (LiF/Ca), lithium fluoride/aluminum (LiF/Al), alu-
minum (Al), silver (Ag), magnesium (Mg), or gold (Au).
[0099] The OLED display can be a top emission type, a
bottom emission type, or a dual surface emission type,
according to the kind of materials forming the pixel electrode
160 and the common electrode 180.

[0100] An overcoat 190 that protects the common electrode
180 by covering the same can be formed as an organic layer
on the common electrode 180.

[0101] In addition, a thin film encapsulation layer 141 is
formed on the overcoat190. The thin film encapsulation layer
141 protects the OLED and a driving circuit portion formed
on the substrate 123 by sealing them from the external envi-
ronment.

[0102] The thin film encapsulation layer 141 includes
organic encapsulation layers 141a and 141¢ and inorganic
encapsulation layers 1415 and 141d, which are alternately
laminated. In FIG. 2, for example, two organic encapsulation
layers 141a and 141¢ and two inorganic encapsulation layers
1415 and 141d are alternately laminated to form the thin film
encapsulation layer 141, but the described technology is not
limited thereto. Instead of the thin film encapsulation layer, an
encapsulation substrate can be formed according to the kind
of OLED display.

[0103] Hereinafter, an OLED display according to a second
exemplary embodiment will be described with reference to
FIG. 4. In the OLED display according to the second exem-
plary embodiment, detailed descriptions of components iden-
tical or similar to those of the OLED display according to the
first exemplary embodiment will be omitted.

[0104] FIG. 41s a schematic cross-sectional view showing
an OLED display according to a second exemplary embodi-
ment.
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[0105] Referring to FIG. 4, in the OLED display according
to the second exemplary embodiment an exposure hole 240
exposing a top of an interlayer insulating layer 128 covering
alignment marks 250 is formed in a second planarization
layer 1245.

[0106] The alignment marks 250 can be formed on a gate
insulating layer 127. The alignment marks 250 can be used to
align masks in a process of manufacturing a display device as
described above. In some embodiments, the alignment marks
250 are formed on the same layer as a driving gate electrode
133 formed inadisplay area DA. That is, the alignment marks
250 can be formed of the same material as the driving gate
electrode 133.

[0107] The interlayer insulating layer 128 covering the
alignment marks 250 is formed on the gate insulating layer
127.

[0108] The second planarization layer 1245 is formed on
the interlayer insulating layer 128. According to the second
exemplary embodiment, the exposure hole 240 is formed in
the second planarization layer 1245. The exposure hole 240
exposes a portion of the interlayer insulating layer 128
located over the alignment marks 250.

[0109] As described above, residual gas can be generated in
the planarization layer formed as an organic layer. The
residual gas can be discharged to the outside through the
exposure hole 240.

[0110] In the first exemplary embodiment, the residual gas
is effectively discharged by reducing the thickness of the
planarization layer in the peripheral area, in which the out-
gassing hole is formed. However, in the second exemplary
embodiment, the residual gas can be discharged through the
exposure hole 240 exposing the interlayer insulating layer
128 located over the alignment marks 250.

[0111] Hereinafter, a method of manufacturing an OLED
display according to an exemplary embodiment will be
described. In the method, detailed descriptions of compo-
nents identical to those of the above-described OLED display
will be omitted.

[0112] FIG. 5is a drawing showing a process of manufac-
turing the OLED display according to the first exemplary
embodiment of the described technology.

[0113] First, a thin film transistor (TFT) is formed in a
display area DA on a substrate 123. The thin film transistor
includes a driving semiconductor layer 137, a driving gate
electrode 133, a driving source electrode 131, and a driving
drain electrode 132.

[0114] As described above, the driving semiconductor
layer 137 is formed on a buffer layer 126, and includes a
channel region 135 and source and drain regions 134 and 136
that are respectively formed at both sides of the channel
region 135. A gate insulating layer 127 formed of a silicon
nitride (SiNx) or a silicon oxide (SiOx) is formed over the
driving semiconductor layer 137.

[0115] A gate line including the driving gate electrode 133
is formed on the gate insulating layer 127. The driving gate
electrode 133 is formed to overlap at least a portion of the
driving semiconductor layer 137, particularly the channel
region 135.

[0116] Aninterlayer insulating layer 128 covering the driv-
ing gate electrode 133 is formed on the gate insulating layer
127. Contact holes 128a respectively exposing the source and
drain regions 134 and 136 are formed in the gate insulating
layer 127 and the interlayer insulating layer 128.
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[0117] Like the gate insulating layer 127, the interlayer
insulating layer 128 can be formed of a ceramic-based mate-
rial such as a silicon nitride (SiNx) or a silicon oxide (SiOx).

[0118] A data line including a driving source electrode 131
and a driving drain electrode 132 is formed on the interlayer
insulating layer 128. The driving source electrode 131 and the
driving drain electrode 132 are respectively connected to the
source region 134 and the drain region 136 through the con-
tact holes 1284 formed in the interlayer insulating layer 128
and the gate insulating layer 127.

[0119] In a peripheral area (NDA) of the substrate 123, a
plurality of wires and alignment marks 210 are formed on the
interlayer insulating layer 128. The wires 210 can be signal
lines extending from the display area DA, and the alignment
marks 210 can be marks used to align masks in a process of
manufacturing a display device. In some embodiments, the
wires and alignment marks 210 are formed together with the
data line in the display area DA on the substrate 123. That is,
the wires and alignment marks 210 can be formed of the same
material as the data line.

[0120] Then, first and second planarization layers 124a and
124b are formed to cover the driving source electrode 131, the
driving drain electrode 132, and the wires and alignment
marks 210. As described above, the first planarization layer
124a can be formed in the display area DA, and the second
planarization layer 1245 can be formed in the peripheral area
NDA.

[0121] As shown in FIG. 5, a photolithography process
using a halftone mask 300 is performed on the first and second
planarization layers 124a and 124b. By using the halftone
mask 300, the thicknesses of the first and second planariza-
tion layers 124a and 1245 can be formed differently from
each other.

[0122] In some embodiments, the above-described out-
gassing holes formed in the second planarization layer 1245
are formed by specific patterns 300a and 3005 formed in the
halftone mask 300. According to an exemplary embodiment
of the described technology, the thickness T2 of the second
planarization layer 1245 in a region where out-gassing holes
230a and 2305 are formed can be less than the thickness T1 of
the first planarization layer 124« in the display area DA. In
some embodiments, the region in which the out-gassing holes
230a and 2305 are formed represents a region in which the
width W between the out-gassing holes 230a and 2305 is
formed in a constant range. Here, the width W between the
out-gassing holes 230a and 2305 can have a range of about
400 um to about 700 um. However, depending on embodi-
ments, width W can be less than about 400 pum or greater than
about 700 pm.

[0123] When adjacent out-gassing holes 230a and 2305
exist in the range of the width W, the amount of residual gas
in the second planarization layer 1245 in the region where the
out-gassing holes are formed increases as compared with
those in other regions. The residual gas degrades an organic
emission layer, which can result in a pixel contraction phe-
nomenon. Thus, in order to prevent the organic emission layer
from being degraded by the residual gas, the thickness T2 of
the second planarization layer 1245 in the region is formed
less than the thickness T1 of the first planarization layer 124a.
[0124] In some embodiments, the thickness T2 of the sec-
ond planarization layer 1245 is less than about 5 pm. The
thickness T1 of the first planarization layer 1244 can be in the
range of about 6 um to about 8 um. However, depending on
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the embodiments, the thickness T2 can be greater than about
5 um and the thickness T1 can be less than about 6 pm or
greater than about 8 pm.

[0125] Insomeembodiments, the wires or alignment marks
210 are formed between the out-gassing holes. That is, the
wires or alignment marks 210 can be formed between adja-
cent out-gassing holes 230a and 2305.

[0126] According to at least one of the disclosed embodi-
ments, when adjacent out-gassing holes 230¢ and 230 exist
in the range of the width W, the amount of residual gas in the
second planarization layer 1244 in the region where the out-
gassing holes are formed increases as compared with those in
other regions. The residual gas degrades an organic emission
layer, which can result in a pixel contraction phenomenon.
Thus, in order to prevent the organic emission layer from
being degraded by the residual gas, the thickness T2 of the
second planarization layer 1245 in the region is formed less
than the thickness T1 of the first planarization layer 124a.
[0127] While the inventive technology has been described
in connection with what is presently considered to be practi-
cal exemplary embodiments, it is to be understood that the
invention is not limited to the disclosed embodiments, but, on
the contrary, is intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the appended claims.

What is claimed is:

1. An organic light-emitting diode (OLED) display, com-
prising:

a substrate comprising a display area configured to display
an image and a peripheral area surrounding the display
area;

a thin film transistor (TFT) formed in the display area over
the substrate;

a first planarization layer covering the TFT in the display
area;

an OLED formed over the first planarization layer and
electrically connected to the TFT; and

a second planarization layer formed in the peripheral area,
wherein the second planarization layer includes a plu-
rality of out-gassing holes formed therein,

wherein at least a portion of the second planarization layer
is thinner than the first planarization layer.

2. The OLED display of claim 1, wherein the plurality of
out-gassing holes are formed in the portion of the second
planarization layer.

3. The OLED display of claim 2, wherein the width
between a pair of adjacent ones of the out-gassing holes is in
the range of about 400 um to about 700 pm.

4. The OLED display of claim 3, further comprising a
plurality of wires formed in the peripheral area over the
substrate, wherein the second planarization layer covers the
wires, and

wherein at least one of the wires is positioned between the
pair of adjacent out-gassing holes.

5. The OLED display of claim 4, wherein the TFT com-

prises:

an active layer formed over the substrate;

a gate electrode formed over the active layer; and

source and drain electrodes formed over the gate electrode
and electrically connected to the active layer,

wherein the first planarization layer covers the source and
drain electrodes, and wherein the source and drain elec-
trodes are formed on the same layer as the wires.
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6. The OLED display of claim 5, wherein the OLED com-
prises:

a first electrode formed over the first planarization layer

and electrically connected to the drain electrode;
apixel defining layer formed over the first electrode so as to
define a pixel area;

an organic emission layer formed over the first electrode

and contacting the first electrode in the pixel area; and
asecond electrode formed over the organic emission layer.

7. The OLED display of claim 3, further comprising an
alignment mark formed in the peripheral area, wherein the
alignment mark is covered by the second planarization layer,
and

wherein the alignment mark is positioned between the pair

of adjacent out-gassing holes.

8. The OLED display of claim 3, wherein the width
between the pair is greater than the thickness of the second
planarization layer and the thickness of the first planarization
layer.

9. The OLED display of claim 3, wherein the width
between the pair is greater than the widths of the out-gassing
holes.

10. The OLED display of claim 1, wherein the thickness of
the second planarization layer is less than about 5 pm.

11. The OLED display of claim 10, wherein the thickness
of the first planarization layer is in the range of about 6 pm to
about 8 um.

12. The OLED display of claim 1, wherein the first and
second planarization layers are formed on the same layer.

13. An organic light-emitting diode (OLED) display, com-
prising:

asubstrate comprising a display area configured to display

an image and a peripheral area surrounding the display
area;

an active layer formed in the display area;

a gate electrode formed over the active layer;

an interlayer insulating layer formed over the gate elec-

trode;

source and drain electrodes formed over the interlayer

insulating layer and electrically connected to the active
layer;

a first planarization layer covering the source and drain

electrodes in the display area;

an OLED formed over the first planarization layer and

electrically connected to the drain electrode;
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an alignment mark covered by the interlayer insulating

layer in the peripheral area; and

a second planarization layer formed over the interlayer

insulating layer in the peripheral area,

wherein an exposure hole is formed in the second pla-

narization layer so as to expose the interlayer insulating
layer formed over the alignment mark.

14. The OLED display of claim 13, wherein the alignment
mark is formed on the same layer as the gate electrode.

15. A method of manufacturing an organic light-emitting
diode (OLED) display, the method comprising:

preparing a substrate comprising a display area configured

to display an image and a peripheral area surrounding
the display area;

forming a thin film transistor (TFT) in the display area over

the substrate;

forming a plurality of wires and alignment marks in the

peripheral area;

forming a planarization layer in the display area and the

peripheral area to cover the TFT, wires and alignment
marks; and

forming a plurality of out-gassing holes in the planariza-

tion layer formed in the peripheral area,

wherein the thickness of the planarization layer formed in

the peripheral area is less than that of the planarization
layer formed in the display area.

16. The method of claim 15, wherein the TFT comprises:

an active layer formed over the substrate;

a gate electrode formed over the active layer; and

source and drain electrodes formed over the gate electrode

and electrically connected to the active layer,

wherein the planarization layer covers the source and drain

electrodes, and wherein the source and drain electrodes
are formed on the same layer as the wires and alignment
marks.

17. The method of claim 15, wherein the width between a
pair of adjacent ones ofthe out-gassing holes is in the range of
about 400 pm to about 700 wm.

18. The method of claim 17, wherein at least one of the
wires 1s positioned between the pair of out-gassing holes.

19. The method of claim 17, wherein at least one of the
alignment marks is positioned between the pair of out-gas-
sing holes.

20. The method of claim 15, wherein the planarization
layer is formed via a halftone mask.
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