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7) ABSTRACT

An organic light-emitting diode display is disclosed. In one
aspect, the display includes a substrate having a flexible
portion configured to bend or fold, a semiconductor posi-
tioned over the substrate, and a gate insulating layer posi-
tioned over the semiconductor and having an opening. The
display also includes an interlayer insulating layer posi-
tioned over the gate insulating layer, a portion of the
interlayer insulating layer positioned within the opening.
The display further includes a gate electrode positioned
between the gate insulating layer and the interlayer insulat-
ing layer and overlapping the semiconductor in the depth
dimension of the OLED display. A source electrode and a

HOIL 27/32 (2006.01) drain electrode are positioned over the interlayer insulating
HOIL 51/00 (2006.01) layer and connected to the semiconductor.
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ORGANIC LIGHT-EMITTING DIODE
DISPLAY

RELATED APPLICATIONS

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2015-0141626 filed in
the Korean Intellectual Property Office on Oct. 8, 2015, the
entire contents of which are incorporated herein by refer-
ence.

BACKGROUND

[0002] Field

[0003] The described technology generally relates to an
organic light-emitting diode display.

[0004] Description of the Related Technology

[0005] Each organic light-emitting diode (OLED) in an
OLED display includes two electrodes and an interposed
organic emission layer. An electron injected from one elec-
trode and a hole injected from the other electrode are
coupled with each other in the organic emission layer to
generate an exciton, and the exciton emits energy to emit
light.

[0006] Such an OLED display includes a matrix of pixels,
each pixel including a self-emissive OLED. Each pixel
circuit includes multiple transistors for driving the OLED
and at least one storage capacitor. The set of thin film
transistors (TFTs) typically include at least a switching thin
film transistor and a driving thin film transistor.

[0007] Each thin film transistor includes a gate electrode,
a semiconductor, a source electrode, and a drain electrode,
and an insulating layer can be positioned between the
semiconductor and the source and drain electrodes. In this
case, the insulating layer can include a contact hole to
connect the semiconductor and the source and drain elec-
trodes. When bending or folding the OLED display, the
surroundings of the contact hole are vulnerable to external
stress such that the insulating layer can be damaged.
[0008] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the described technology and therefore it
can contain information that does not constitute the prior art
that is already known in this country to a person of ordinary
skill in the art.

SUMMARY OF CERTAIN INVENTIVE
ASPECTS

[0009] One inventive aspect relates to an OLED display
that can prevent damage to elements when being bent or
folded.

[0010] Another aspect is an OLED display including a
flexible part that is bent or folded according to an exemplary
embodiment. The OLED display includes: a substrate; a
semiconductor positioned on the substrate; a gate insulating
layer positioned on the semiconductor and including an
opening exposing at least part of the semiconductor; an
interlayer insulating layer positioned on the gate insulating
layer and within the opening; a gate electrode positioned
between the gate insulating layer and the interlayer insulat-
ing layer and overlapping the semiconductor; and a source
electrode and a drain electrode positioned on the interlayer
insulating layer and connected to the semiconductor.
[0011] The interlayer insulating layer can be made of an
organic insulating material.
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[0012] The gate insulating layer can include the organic
insulating material or the inorganic insulating material.
[0013] The interlayer insulating layer can include a con-
tact hole exposing at least part of the semiconductor, and the
contact hole is positioned within the opening, while the
source electrode and the drain electrode can be connected to
the semiconductor through the contact hole.

[0014] The interlayer insulating layer can have a tapered
cross-sectional shape within the contact hole.

[0015] A taper angle of the intetlayer insulating layer
within the contact hole can be greater than 30 degrees and
less than 80 degrees.

[0016] The source electrode and the drain electrode may
not directly contacted with the gate insulating layer.
[0017] The thin film transistor including the semiconduc-
tor, the gate insulating layer, the interlayer insulating layer,
the gate electrode, the source electrode, and the drain
electrode can be positioned on the flexible part.

[0018] The OLED display can include a display area
including a plurality of pixels and a non-display area includ-
ing a driver generating a signal to drive the pixel to be
transmitted to the pixel, and the pixel or the driver can
include a thin film transistor made of the semiconductor, the
gate insulating layer, the interlayer insulating layer, the gate
electrode, the source electrode, and the drain electrode.
[0019] The gate insulating layer can include a first gate
insulating layer positioned on the semiconductor; and a
second gate insulating layer positioned on the first gate
insulating layer.

[0020] The gate electrode can be positioned between the
first gate insulating layer and the second gate insulating
layer.

[0021] The OLED display can further include: a first
capacitor electrode positioned between the first gate insu-
lating layer and the second gate insulating layer; and a
second capacitor electrode positioned on the second gate
insulating layer and overlapping the first capacitor electrode.
[0022] The opening can include: a first opening formed in
the first gate insulating layer; and a second opening formed
in the second gate insulating layer.

[0023] The size of the second opening can be larger than
the size of the first opening.

[0024] The interlayer insulating layer can include a con-
tact hole exposing at least part of the semiconductor, the
contact hole is positioned within the opening, and the source
electrode and the drain electrode can be connected to the
semiconductor through the contact hole.

[0025] The interlayer insulating layer can have a cross-
sectional shape of a stepped level difference within the
contact hole.

[0026] The opening can expose at least part of the upper
surface of the semiconductor and the entire side surface of
the semiconductor.

[0027] The gate insulating layer can have substantially the
same pattern as the gate electrode.

[0028] The gate insulating layer can include: a first gate
insulating layer positioned on the semiconductor; and a
second gate insulating layer positioned on the first gate
insulating layer.

[0029] The gate electrode can be positioned between the
first gate insulating layer and the interlayer insulating layer.
[0030] The OLED display can further include: a first
capacitor electrode positioned between the first gate insu-
lating layer and the second gate insulating layer; and a
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second capacitor electrode positioned on the second gate
insulating layer and overlapping the first capacitor electrode.
[0031] The first gate insulating layer can have substan-
tially the same pattern as the gate electrode and the second
capacitor electrode.

[0032] The second gate insulating layer can have substan-
tially the same pattern as the second capacitor electrode.
[0033] The interlayer insulating layer can include a con-
tact hole exposing at least part of the semiconductor, the
contact hole is positioned within the opening, and the source
electrode and the drain electrode can be connected to the
semiconductor through the contact hole.

[0034] The interlayer insulating layer can have a cross-
sectional shape of a stepped level difference within the
contact hole.

[0035] Another aspect is an organic light-emitting diode
(OLED) display, comprising: a substrate having a flexible
portion configured to bend or fold; a semiconductor posi-
tioned over the substrate; a gate insulating layer positioned
over the semiconductor and having an opening; an interlayer
insulating layer positioned over the gate insulating layer,
wherein a portion of the interlayer insulating layer is posi-
tioned within the opening; a gate electrode positioned
between the gate insulating layer and the interlayer insulat-
ing layer and overlapping the semiconductor in the depth
dimension of the OLED display: and a source electrode and
a drain electrode positioned over the interlayer insulating
layer and connected to the semiconductor.

[0036] In the above OLED display, the interlayer insulat-
ing layer comprises an organic insulating material.

[0037] In the above OLED display, the gate insulating
layer comprises the organic insulating material or an inor-
ganic insulating material.

[0038] In the above OLED display, the interlayer insulat-
ing layer has a contact hole positioned within the opening,
wherein the source and drain electrodes are connected to the
semiconductor through the contact hole.

[0039] In the above OLED display, the contact hole has a
tapered shape.
[0040] In the above OLED display, the interlayer insulat-

ing layer has a top surface and a sidewall that form a taper
angle with respect to each other, wherein the taper angle is
greater than about 30 degrees and less than about 80 degrees.

[0041] In the above OLED display, the source and drain
electrodes do not directly contact the gate insulating layer.

[0042] In the above OLED display, the semiconductor, the
gate insulating layer, the interlayer insulating layer, the gate
electrode, the source electrode, and the drain electrode form
a thin film transistor (TFT) positioned over the flexible
portion.

[0043] The above OLED display further comprises a dis-
play area including a plurality of pixels and a non-display
area including a driver configured to generate and transmit
a signal to drive the pixels, wherein each of the pixels or the
driver includes a thin film transistor comprising the semi-
conductor, the gate insulating layer, the interlayer insulating
layer, the gate electrode, the source electrode, and the drain
electrode.

[0044] In the above OLED display, the gate insulating
layer includes: a first gate insulating layer positioned over
the semiconductor; and a second gate insulating layer posi-
tioned over the first gate insulating layer.
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[0045] 1In the above OLED display, the gate electrode is
positioned between the first and second gate insulating
layers.

[0046] The above OLED display further comprises: a first
capacitor electrode positioned between the first and second
gate insulating layers; and a second capacitor electrode
positioned over the second gate insulating layer and over-
lapping the first capacitor electrode in the depth dimension
of the OLED display.

[0047] In the above OLED display, the opening includes:
a first opening formed in the first gate insulating layer; and
a second opening formed in the second gate insulating layer.
[0048] In the above OLED display, the second opening is
larger than the first opening.

[0049] In the above OLED display, the interlayer insulat-
ing layer includes a contact hole positioned within the
opening, wherein the source and drain electrodes are con-
nected to the semiconductor through the contact hole.
[0050] In the above OLED display, the interlayer insulat-
ing layer has a step shape within the contact hole.

[0051] In the above OLED display, the opening exposes at
least part of an upper surface of the semiconductor and an
entire side surface of the semiconductor.

[0052] In the above OLED display, the gate insulating
layer has substantially the same shape as the gate electrode.
[0053] In the above OLED display, the gate insulating
layer includes: a first gate insulating layer positioned over
the semiconductor; and a second gate insulating layer posi-
tioned over the first gate insulating layer.

[0054] In the above OLED display, the gate electrode is
positioned between the first gate insulating layer and the
interlayer insulating layer.

[0055] The above OLED display further comprises: a first
capacitor electrode positioned between the first and second
gate insulating layers; and a second capacitor electrode
positioned over the second gate insulating layer and over-
lapping the first capacitor electrode in the depth dimension
of the OLED display.

[0056] Inthe above OLED display, the first gate insulating
layer has substantially the same shape as the gate electrode
and the second capacitor electrode.

[0057] In the above OLED display, the second gate insu-
lating layer has substantially the same shape as the second
capacitor electrode.

[0058] 1In the above OLED display, the interlayer insulat-
ing layer has a contact hole positioned within the opening,
wherein the source and drain electrodes are connected to the
semiconductor through the contact hole.

[0059] In the above OLED display, the interlayer insulat-
ing layer has a step shape within the contact hole.

[0060] Another aspect is an organic light-emitting diode
(OLED) display, comprising; a flexible substrate; a semi-
conductor formed over the substrate and having a plurality
of doped regions at opposing ends of the semiconductor; a
gate insulating layer formed over the semiconductor; an
interlayer insulating layer formed over the gate insulating
layer; and a source electrode and a drain electrode formed
over the interlayer insulating layer, wherein the interlayer
insulating layer contacts the doped regions via a plurality of
openings formed in the gate insulating layer, and wherein the
source and drain electrodes respectively contact the doped
regions via a plurality of contact holes formed in the
interlayer insulating layer.
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[0061] 1In the above OLED display, each of the contact
holes has a width that increases as a function of distance
from the semiconductor.

[0062] In the above OLED display, each of the openings
has a width that increases as a function of distance from the
semiconductor.

[0063] According to at least one of the disclosed embodi-
ments, the interlayer insulating layer is positioned within the
opening of the gate insulating layer to prevent the insulating
layer from being damaged when bending or folding the
OLED display.

BRIEF DESCRIPTION OF THE DRAWINGS

[0064] FIG.1 and FIG. 2 are schematic views showing an
OLED display according to an exemplary embodiment.
[0065] FIG. 3 is a cross-sectional view showing an OLED
display according to an exemplary embodiment.

[0066] FIG. 4 is a cross-sectional view showing an OLED
display according to an exemplary embodiment.

[0067] FIG. 5 is a cross-sectional view showing an OLED
display according to an exemplary embodiment.

[0068] FIG. 6 is a cross-sectional view showing an OLED
display according to an exemplary embodiment.

[0069] FIG. 7 is a cross-sectional view showing an OLED
display according to an exemplary embodiment.

[0070] FIG. 8 is a cross-sectional view showing an OLED
display according to an exemplary embodiment.

[0071] FIG.9is an equivalent circuit diagram of one pixel
of an OLED display according to an exemplary embodi-
ment.

[0072] FIG. 10 is a layout view of one pixel of an OLED
display according to an exemplary embodiment.

[0073] FIG. 11 is a cross-sectional view taken along a line
XI-XI of FIG. 10.

[0074] FIG. 12 is an equivalent circuit diagram of one
pixel of an OLED display according to an exemplary
embodiment.

[0075] FIG. 13 is a schematic layout view of a plurality of
transistors and a capacitor of an OLED display according to
an exemplary embodiment.

[0076] FIG. 14 is a detailed layout view of FIG. 13.
[0077] FIG. 15 is a cross-sectional view of the OLED
display of FIG. 14 taken along a line XV-XV.

[0078] FIG. 16 is a cross-sectional view of the OLED
display of FIG. 14 taken along a line XVI-XVIL.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0079] The described technology will be described more
fully hereinafter with reference to the accompanying draw-
ings, in which exemplary embodiments are shown. As those
skilled in the art would realize, the described embodiments
can be modified in various different ways, all without
departing from the spirit or scope of the described technol-
ogy.

[0080] In the drawings, the thickness of layers, films,
panels, regions, etc., are exaggerated for clarity. Like refer-
ence numerals designate like elements throughout the speci-
fication. It will be understood that when an element such as
a layer, film, region, or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements can also be present. In contrast, when
an element is referred to as being “directly on” another
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element, there are no intervening elements present. In this
disclosure, the term “substantially” includes the meanings of
completely, almost completely or to any significant degree
under some applications and in accordance with those
skilled in the art. Moreover, “formed, disposed or positioned
over” can also mean “formed, disposed or positioned on.”
The term “connected” includes an electrical connection.

[0081] FIG. 1 and FIG. 2 are schematic views showing an
OLED display according to an exemplary embodiment.

[0082] First, as shown in FIG. 1, the OLED display 10
includes a display area DA and a non-display area NA
positioned on both edges of the display area DA.

[0083] The display area DA includes a plurality of pixels
(not shown), and each pixel displays a predetermined lumi-
nance and a color, thereby displaying an image. The non-
display area NA includes a driver (not shown) generating a
data signal to each pixel. The driver can include both a gate
driver to transmit a gate signal to each pixel and a data driver
to transmit a data signal. These drivers can be formed on the
same substrate as the pixel. Also, the driver can be a type that
can be adhered to the substrate formed with the pixel after
being formed on a separate circuit board.

[0084] Since the non-display area NA is not a region
displaying the image, the non-display area NA is generally
positioned on one or both edges of the display area DA or to
enclose the display area DA. However, the described tech-
nology is not limited thereto, and the position of the non-
display area NA can be variously arranged.

[0085] The OLED display 10 can be bent with respect to
a boundary of the display area DA and the non-display area
NA as a reference line RL. That is, the non-display area NA
positioned on the right and the left with respect to the display
area DA can be bent backward. Accordingly, a predeter-
mined stress can be generated on the elements of the part
positioned on the boundary of the display area DA and the
non-display area NA, that is, the reference line RL.

[0086] Next, as shown in FIG. 2, the OLED display 10 can
be bent with respect to a transverse line positioned on the
center of the OLED display as the reference line RL. That is,
the part positioned upward with respect to the reference line
RL can be bent downward. In this case, the predetermined
stress can be generated on the elements of the part positioned
on the reference line RL.

[0087] Next, a part of the OLED display 10 according to
an exemplary embodiment will be described with reference
to FIG. 3.

[0088] FIG. 3 is a cross-sectional view of an OLED
display according to an exemplary embodiment. FIG. 3
shows one thin film transistor of the OLED display accord-
ing to an exemplary embodiment, and the thin film transistor
shown in FIG. 3 can be a driving thin film transistor, a
switching thin film transistor, and the like. For convenience,
the pixel electrode, the organic emission layer, the common
electrode, and the like is omitted.

[0089] As shown in FIG. 3, the OLED display includes a
substrate 110, a semiconductor 130 positioned on the sub-
strate 110, a gate insulating layer 140 positioned on the
semiconductor 130, a gate electrode 150 positioned on the
gate insulating layer 140, an interlayer insulating layer 160
positioned on the gate electrode 150, and a source electrode
170g and a drain electrode 1705 positioned on the interlayer
insulating layer 160.
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[0090] The substrate 110 can be formed of a material that
is capable of being bent or folded, for example, plastic,
glass, and the like.

[0091] A buffer layer 120 can be further formed on the
substrate 110, and in this case, the semiconductor 130 can be
positioned on the buffer layer 120. The buffer layer 120 can
include a silicon nitride (SiNx) or a silicon oxide (SiOx).
[0092] The semiconductor 130 includes a channel 131 that
is channel-doped, and contact doping regions 132 and 133
that are positioned at both sides of the channel 131 and are
contact-doped. The gate electrode 125 overlaps a part of the
channel 131, and the contact doping regions 132 and 133
include a source region 132 and a drain region 133.
[0093] The gate insulating layer 140 is formed of an
inorganic insulating material such as a silicon nitride (SiNx)
or a silicon oxide (SiOx). The gate insulating layer 140
include openings 145 and 146 exposing at least part of the
semiconductor 130. The openings 145 and 146 expose the
contact doping regions 132 and 133 of the semiconductor
130.

[0094] The interlayer insulating layer 160 is formed of an
organic insulating material. The interlayer insulating layer
160 is positioned on the gate electrode 150 and the gate
insulating layer 140, and is also positioned within the
openings 145 and 146 of the gate insulating layer 140. That
is, the side surface of the gate insulating layer 140 and the
interlayer insulating layer 160 are contacted with each other
within the openings 145 and 146.

[0095] The gate electrode 150 is positioned between the
gate insulating layer 140 and the interlayer insulating layer
160.

[0096] The interlayer insulating layer 160 includes contact
holes 165 and 166 exposing at least part of an upper surface
of the semiconductor 130. The contact holes 165 and 166
expose the contact doping regions 132 and 133 of the
semiconductor 130.

[0097] The contact holes 165 and 166 are positioned
within the openings 145 and 146. In this case, the inner wall
surface of the interlayer insulating layer 160 of the part
where the contact holes 165 and 166 are formed is not
contacted with the inner wall surface of the gate insulating
layer 140 of the part where the openings 145 and 146 are
formed. The inner wall surface of the interlayer insulating
layer 160 of the part where the contact holes 165 and 166 are
formed is positioned inside than the inner wall surface of the
gate insulating layer 140 of the part where the openings 145
and 146 are formed. The size of the openings 145 and 146
is larger than the size of the contact holes 165 and 166. For
example, the openings 145 and 146 and the contact holes
165 and 166 can be formed to be substantially circular, and
a diameter d1 of the openings 145 and 146 can be larger than
a diameter d2 of the contact holes 165 and 166. The shape
of the openings 145 and 146 and the contact holes 165 and
166 is not limited to circular, and they can be formed of
various shapes. For example, the openings 145 and 146 and
the contact holes 165 and 166 can be formed as a polygon
such as a quadrilateral. In this case, a length of one side of
the openings 145 and 146 can be larger than the length of
one side of the contact holes 165 and 166. Also, the area on
the plane of the openings 145 and 146 can be larger than the
area on the plane of the contact holes 165 and 166. The
planar shape of the openings 145 and 146 is similar to the
planar shape of the contact holes 165 and 166, and only the
sizes can be different. However, the described technology is
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not limited thereto, and the planar shape of the openings 145
and 146 can be different from the planar shape of the contact
holes 165 and 166. For example, the planar shape of the
openings 145 and 146 can be quadrilateral, and the planar
shape of the contact holes 165 and 166 can be formed as a
circle positioned within the quadrilateral. Also, the planar
shape of the openings 145 and 146 can be made as the circle
and the planar shape of the contact holes 165 and 166 can be
formed as the quadrilateral positioned within the circle.
[0098] The source electrode 170a and the drain electrode
1705 are connected to the semiconductor 130 through the
contact holes 165 and 166. The source electrode 170a is
connected to the source region 132 of the semiconductor
130, and the drain electrode 1705 is connected to the drain
region 133 of the semiconductor 130. In this case, the source
electrode 170a and the drain electrode 1705 are contacted
with the interlayer insulating layer 160 in the inner wall of
the contact holes 165 and 166. The source electrode 170a
and the drain electrode 1705 are not contacted with the gate
insulating layer 140.

[0099] The organic material has a high buffering force
compared with the inorganic material, and the source elec-
trode 170¢ and the drain electrode 1705 are not directly
contacted with the gate insulating layer 140 formed of the
inorganic material and are contacted with the interlayer
insulating layer 160 formed of the organic material, thereby
relatively increasing the buffering force. As described above,
the OLED display can be bent or folded, and in this case, the
surroundings of the contact holes 165 and 166 can be
vulnerable to the stress. In the present exemplary embodi-
ment, the inside of the openings 145 and 146 of the gate
insulating layer 140 is filled with the interlayer insulating
layer 160 formed of the organic insulating material to
increase the buffering force, thereby preventing the damage
due to the bending or the folding.

[0100] The interlayer insulating layer 160 can have a
tapered cross-sectional shape within the contact holes 165
and 166. However, the described technology is not limited
thereto, and the interlayer insulating layer 160 can have the
vertical cross-sectional shape within the contact holes 165
and 166.

[0101] When the interlayer insulating layer 160 has the
tapered cross-sectional shape within the contact holes 165
and 166, the taper angle 0 of the interlayer insulating layer
160 can be made to be from about 30 degrees to about 80
degrees. Also, the taper angle 0 of the interlayer insulating
layer 160 can be made to be from about 40 degrees to about
70 degrees. Also, the taper angle 0 of the interlayer insu-
lating layer 160 can be made to be from about 50 degrees to
about 60 degrees. The above range can provide an optimum
balance between high quality deposition and high aperture
ratio. However, depending on embodiments, the taper angle
0 can be made to be less than about 30 degrees or greater
than about 90 degrees.

[0102] Ifthe taper angle 6 of the interlayer insulating layer
160 is excessively large, when other layers are deposited on
the interlayer insulating layer 160, the deposition can occur
on the side surface within the contact holes 165 and 166. A
wire such as the source electrode 170a and the drain
electrode 1705 can be formed on the interlayer insulating
layer 160, and these wires can be disconnected within the
contact holes 165 and 166.

[0103] Ifthe taper angle O of the interlayer insulating layer
160 is small, a difference between the lower diameter and the



US 2017/0104046 Al

upper diameter of the contact holes 165 and 166 is increased.
If the taper angle 0 of the interlayer insulating layer 160
decreases while uniformly maintaining the lower diameter
of the contact holes 165 and 166, the size of the contact holes
165 and 166 is increased. In this case, in the high resolution
OLED display, the size of the contact holes 165 and 166 is
large such that the aperture ratio is decreased. If the taper
angle 0 of the interlayer insulating layer 160 decreases while
uniformly maintaining the upper diameter of the contact
holes 165 and 166, the contact area of the source electrode
170a and the drain electrode 1704, and the semiconductor
130, is decreased. In this case, the connection defect
between the source electrode 170a and the drain electrode
1705, and the semiconductor 130, can be generated.
[0104] The interlayer insulating layer 160 can be made of
a photosensitive type and a dry etch type. The interlayer
insulating layer of the photosensitive type includes an
organic insulating material and a photo-reactive material.
The interlayer insulating layer of the photosensitive type can
be patterned by a photo-process. The interlayer insulating
layer of the dry etch type includes the organic insulating
material and does not include the photo-reactive material.
The interlayer insulating layer of the dry etch type can be
patterned through the photo-process and the etching process.
[0105] In a general process, the interlayer insulating layer
of the photosensitive type has the taper angle 6 greater than
about 30 degrees and less than about 40 degrees, and the
interlayer insulating layer of the dry etch type has the taper
angle 0 greater than about 70 degrees and less than about 80
degrees. To provide the preferable taper angle of the inter-
layer insulating layer of the above-described range, it is
necessary to design the interlayer insulating layer of the
photosensitive type to further increase the taper angle and
the interlayer insulating layer of the dry etch type to further
decrease the taper angle.

[0106] In one OLED display according to an exemplary
embodiment, by appropriately controlling the taper angle of
the interlayer insulating layer, the problems such as the
disconnection defect and the aperture ratio reduction can be
solved.

[0107] The semiconductor 130, the gate insulating layer
140, the gate electrode 150, the interlayer insulating layer
160, the source electrode 170q, and the drain electrode 1705
form one thin film transistor (TFT).

[0108] The OLED display according to an exemplary
embodiment includes the flexible part that is bent or folded.
For example, the reference line RL and the periphery thereof
shown in FIG. 1 and FIG. 2 can correspond to the flexible
part. The above-described thin film transistor is formed only
in the flexible part, and the thin film transistor of a different
structure can be formed in other parts. For example, in other
parts except for the flexible part, the opening of the gate
insulating layer can accord with the contact hole of the
interlayer insulating layer, and the source electrode and the
drain electrode can also be contacted with the gate insulating
layer.

[0109] However, the described technology is not limited
thereto, and the above-described thin film transistor can be
formed on the entire region of the OLED display as well as
the flexible part.

[0110] In the OLED display according to an exemplary
embodiment, as described above, the display area includes
the pixels and the non-display area includes the driver. The
above-described thin film transistor can be formed in the
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plurality of pixels and can be formed in the driver. Also, the
above-described thin film transistor can be formed in both
the pixel and the driver.

[0111] Next, the OLED display according to an exemplary
embodiment will be described with reference to FIG. 4.
[0112] The OLED display according to an exemplary
embodiment shown in FIG. 4 is almost the same as the
OLED display according to an exemplary embodiment
shown in FIG. 3 such that the description thereof'is omitted.
In the present exemplary embodiment, the gate insulating
layer is made of two layers, different from the above
exemplary embodiment, and this will be described below.
[0113] FIG. 4 is a cross-sectional view showing an OLED
display according to an exemplary embodiment. FIG. 4
shows one thin film transistor of the OLED display accord-
ing to an exemplary embodiment, and the thin film transistor
shown in FIG. 4 can be the driving thin film transistor, the
switching thin film transistor, and the like. For convenience,
the pixel electrode, the organic emission layer, the common
electrode, and the like are omitted.

[0114] As shown in FIG. 4, the OLED display according
to an exemplary embodiment includes the substrate 110, the
semiconductor 130 positioned on the substrate 110, a first
gate insulating layer 141 positioned on the semiconductor
130, the gate electrode 150 positioned on the first gate
insulating layer 141, a second gate insulating layer 142
positioned on the gate electrode 150, the interlayer insulat-
ing layer 160 positioned on the second gate insulating layer
142, and the source electrode 170a and the drain electrode
1705 positioned on the interlayer insulating layer 160.
[0115] The first gate insulating layer 141 and the second
gate insulating layer 142 are formed of the inorganic insu-
lating material such as a silicon nitride (SiNx) and a silicon
oxide (SiOx). The first gate insulating layer 141 and the
second gate insulating layer 142 include the openings 145
and 146 exposing at least part of the upper surface of the
semiconductor 130. The openings 145 and 146 expose the
contact doping regions 132 and 133 of the semiconductor.
[0116] The gate electrode 150 is positioned between the
first gate insulating layer 141 and the second gate insulating
layer 142.

[0117] The interlayer insulating layer 160 is formed of the
organic insulating material. The interlayer insulating layer
160 is positioned on the second gate insulating layer 142,
and is also positioned within the openings 145 and 146 of the
first gate insulating layer 141 and the second gate insulating
layer 142. That is, the side surface of the first gate insulating
layer 141 and the interlayer insulating layer 160 are con-
tacted within the openings 145 and 146. The interlayer
insulating layer 160 is contacted with the side surface of the
first gate insulating layer 141 and is not directly contacted
with the upper surface of the first gate insulating layer 141.
Also, the side surface of the second gate insulating layer 142
and the interlayer insulating layer 160 are contacted within
the openings 145 and 146.

[0118] The interlayer insulating layer 160 includes the
contact holes 165 and 166 exposing at least part of the upper
surface of the semiconductor 130. The contact holes 165 and
166 expose the contact doping regions 132 and 133 of the
semiconductor 130.

[0119] The contact holes 165 and 166 are positioned
within the openings 145 and 146. The inner wall surface of
the interlayer insulating layer 160 of the part where the
contact holes 165 and 166 are formed is positioned inside
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than the inner wall surface of the first gate insulating layer
141 and the second gate insulating layer 142 of the part
where the openings 145 and 146 are formed. The size of the
openings 145 and 146 is larger than the size of the contact
holes 165 and 166.

[0120] The source electrode 170a and the drain electrode
1700 are connected to the semiconductor 130 through the
contact holes 165 and 166. The source electrode 170a is
connected to the source region 132 of the semiconductor
130, and the drain electrode 1705 is connected to the drain
region 133 of the semiconductor 130. In this case, the source
electrode 1704 and the drain electrode 1705 are contacted
with the interlayer insulating layer 160 on the inner wall of
the contact holes 165 and 166. The source electrode 170a
and the drain electrode 1705 are not contacted with the first
gate insulating layer 141 or the second gate insulating layer
142.

[0121] The organic material has a higher buffering force
compared with the inorganic material, and the source elec-
trode 170¢ and the drain electrode 1705 are not directly
contacted with the first gate insulating layer 141 or the
second gate insulating layer 142 formed of the inorganic
material and are contacted with the interlayer insulating
layer 160 formed of the organic material, thereby relatively
increasing the buffering force. As described above, the
OLED display can be bent or folded, and in this case, the
periphery of the contact holes 165 and 166 can be vulnerable
to stress. In the present exemplary embodiment, the inside of
the openings 145 and 146 of the first gate insulating layer
141 and the second gate insulating layer 142 is filled with the
interlayer insulating layer 160 formed of the organic insu-
lating material to increase the buflering force, thereby pre-
venting damage due to the bending or the folding.

[0122] The interlayer insulating layer 160 can have the
tapered cross-sectional shape inside the contact holes 165
and 166. In this case, the taper angle of the interlayer
insulating layer 160 can be in the range greater than about
30 degrees and less than about 80 degrees, or greater than
about 50 degrees and less than about 60 degrees.

[0123] The OLED display according to an exemplary
embodiment can further includes a first capacitor electrode
159a positioned between the first gate insulating layer 141
and the second gate insulating layer 142 and a second
capacitor electrode 1595 positioned on the second gate
insulating layer 142.

[0124] The first capacitor electrode 159a and the second
capacitor electrode 1595 can overlap each other. The second
gate insulating layer 142 is positioned between the first
capacitor electrode 159a and the second capacitor electrode
1595. That is, two electrodes 1594 and 1595 are overlapped
with each other via the second gate insulating layer 142
formed of the insulating material therebetween, thereby
forming a capacitor. In this case, the second gate insulating
layer 142 serves as a dielectric material.

[0125] Next, the OLED display according to an exemplary
embodiment will be described with reference to FIG. 5.
[0126] The OLED display according to an exemplary
embodiment shown in FIG. 5 is almost the same as the
OLED display according to an exemplary embodiment
shown in FIG. 4 such that the description thereof'is omitted.
In the present exemplary embodiment, the size of the
opening of the first gate insulating layer and the second gate
insulating layer is different from the previous exemplary
embodiment, and this will be described in detail.

Apr. 13,2017

[0127] FIG. 5 is a cross-sectional view showing an OLED
display according to an exemplary embodiment. FIG. 5§
shows one thin film transistor of the OLED display accord-
ing to an exemplary embodiment, and the thin film transistor
shown in FIG. 5 can be the driving thin film transistor, the
switching thin film transistor, and the like. For convenience,
the pixel electrode, the organic emission layer, the common
electrode, and the like are omitted.

[0128] As shown in FIG. 5, the OLED display according
to an exemplary embodiment includes the substrate 110, the
semiconductor 130 positioned on the substrate 110, the first
gate insulating layer 141 positioned on the semiconductor
130, the gate electrode 150 positioned on the first gate
insulating layer 141, the second gate insulating layer 142
positioned on the gate electrode 150, the interlayer insulat-
ing layer 160 positioned on the second gate insulating layer
142, and the source electrode 170a and the drain electrode
1705 positioned on the interlayer insulating layer 160.
[0129] The first gate insulating layer 141 has first openings
145a and 1464 exposing at least part of the upper surface of
the semiconductor 130. The first openings 145¢ and 1464
expose the contact doping regions 132 and 133 of the
semiconductor.

[0130] The second gate insulating layer 142 has second
openings 1455 and 1465 exposing at least part of the upper
surface of the semiconductor 130. The second openings
1455 and 1465 expose the contact doping regions 132 and
133 of the semiconductor.

[0131] The size of the second openings 1455 and 1465 is
larger than the size of the first openings 145¢ and 146q.
Accordingly, a stepped level difference is formed between
the first gate insulating layer 141 and the second gate
insulating layer 142.

[0132] The interlayer insulating layer 160 is formed of the
organic insulating material. The interlayer insulating layer
160 is positioned on the second gate insulating layer 142 and
is also positioned within the first openings 1454 and 146a of
the first gate insulating layer 141 and within the second
openings 1455 and 1465 of the second gate insulating layer
142. That is, the side surface of the first gate insulating layer
141 and the interlayer insulating layer 160 are contacted
within the first openings 145a and 146a. Also, the side
surface of the second gate insulating layer 142 and the
interlayer insulating layer 160 are contacted within the
second openings 1456 and 1464. In the present exemplary
embodiment, since the step is formed between the first gate
insulating layer 141 and the second gate insulating layer
142, the interlayer insulating layer 160 is directly contacted
with the upper surface of the first gate insulating layer 141
on the periphery of the first openings 145a and 1464. That
is, the interlayer insulating layer 160 is directly contacted
with the upper surface of the first gate insulating layer 141
within the second openings 1456 and 1465. Also, the side
surface of the second gate insulating layer 142 is contacted
with the interlayer insulating layer 160 within the second
openings 1456 and 1465.

[0133] The interlayer insulating layer 160 has the contact
holes 165 and 166 exposing at least part of the upper surface
of the semiconductor 130. The contact holes 165 and 166
expose the contact doping regions 132 and 133 of the
semiconductor 130.

[0134] The contact holes 165 and 166 are positioned
within the first openings 1454 and 146a and the second
openings 1456 and 1465. The interlayer insulating layer 160
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has the cross-sectional shape of the stepped level difference
within the contact holes 165 and 166. On the part where the
contact holes 165 and 166 are enclosed by the first openings
1450 and 146a, the inner wall surface of the interlayer
insulating layer 160 is positioned inside than the inner wall
surface of the first gate insulating layer 141. On the part
where the contact holes 165 and 166 are enclosed by the first
openings 145a and 146a, the size of the first openings 145a
and 146a is larger than the size of the contact holes 165 and
166. On the part where the contact holes 165 and 166 are
enclosed by the second openings 1456 and 1464, the inner
wall surface of the interlayer insulating layer 160 is posi-
tioned inside than the inner wall surface of the second gate
insulating layer 142. On the part where the contact holes 165
and 166 are enclosed by the second openings 1455 and 1465,
the size of the second openings 1455 and 14654 is larger than
the size of the contact holes 165 and 166.

[0135] In the case of the present exemplary embodiment,
compared with the exemplary embodiment shown in FIG. 3,
as the gate insulating layer is made of two layers, the
thickness of the interlayer insulating layer 160 is thick.
Accordingly, in the process of forming the contact holes 165
and 166 in the interlayer insulating layer 160, the patterning
depth of the interlayer insulating layer 160 can be relatively
deep, and in some embodiments, it is not easy to form the
taper angle of the interlayer insulating layer 160. In the
present exemplary embodiment, the interlayer insulating
layer 160 has the cross-sectional shape of the stepped level
difference within the contact holes 165 and 166, the inter-
layer insulating layer 160 can have the similar shape to the
tapered cross-sectional shape. The stepped level difference
can be formed by using a half-tone mask or a slit mask in the
process patterning the interlayer insulating layer 160.

[0136] The source electrode 170a and the drain electrode
1705 are connected to the semiconductor 130 through the
contact holes 165 and 166. The source electrode 170a and
the drain electrode 1705 are contacted with the interlayer
insulating layer 160 on the inner wall of the contact holes
165 and 166 and are not contacted with the first gate
insulating layer 141 and the second gate insulating layer
142. Accordingly, by filling the inside of the openings 145
and 146 of the first gate insulating layer 141 and the second
gate insulating layer 142 with the interlayer insulating layer
160 formed of the organic insulating material, the buffering
force increases such that the damage due to the bending or
the folding can be prevented.

[0137] Next, the OLED display according to an exemplary
embodiment will be described with reference to FIG. 6.

[0138] The OLED display according to an exemplary
embodiment shown in FIG. 6 is almost the same as the
OLED display according to an exemplary embodiment
shown in FIG. 3 such that the description thereof'is omitted.
In the present exemplary embodiment, the gate insulating
layer has substantially the same pattern as the gate electrode,
differently from the previous exemplary embodiment.

[0139] FIG. 6 is a cross-sectional view showing an OLED
display according to an exemplary embodiment. FIG. 6
shows one thin film transistor of the OLED display accord-
ing to an exemplary embodiment, and the thin film transistor
shown in FIG. 6 can be the driving thin film transistor, the
switching thin film transistor, and the like. For convenience,
the pixel electrode, the organic emission layer, the common
electrode, and the like are omitted.
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[0140] As shown in FIG. 6, the OLED display according
to an exemplary embodiment includes the substrate 110,
semiconductor 130 positioned on the substrate 110, the gate
insulating layer 140 positioned on the semiconductor 130,
the gate electrode 150 positioned on the gate insulating layer
140, the interlayer insulating layer 160 positioned on the
gate electrode 150, and the source electrode 170a and the
drain electrode 1705 positioned on the interlayer insulating
layer 160.

[0141] The gate insulating layer 140 has the openings 145
and 146 exposing at least part of the upper surface of the
semiconductor 130 and the entire side surface SS of the
semiconductor 130. The openings 145 and 146 expose the
contact doping regions 132 and 133 of the semiconductor. In
the previous exemplary embodiment, the openings 145 and
146 expose at least part of the upper surface of the semi-
conductor 130, does not expose the side surface SS of the
semiconductor 130, and the gate insulating layer 140 covers
the side surface SS of the semiconductor 130. In the exem-
plary embodiment, however, the openings 145 and 146 are
formed to expose the side surface SS of the semiconductor,
and the gate insulating layer 140 does not cover the side
surface SS of the semiconductor 130. Also, the openings 145
and 146 is formed even to expose the upper surface of the
buffer layer 120. Accordingly, in the present exemplary
embodiment, the buffer layer 120 is not contacted with the
gate insulating layer 140, and is contacted with the interlayer
insulating layer 160.

[0142] The gate electrode 150 is positioned on the gate
insulating layer 140. The openings 145 and 146 can be
formed by patterning the gate insulating layer 140 by using
the gate electrode 150 as a mask. Accordingly, the gate
insulating layer 140 has substantially the same pattern as the
gate electrode 150.

[0143] The interlayer insulating layer 160 is positioned on
the gate electrode 150, and is also positioned within the
openings 145 and 146 of the gate insulating layer 140. The
interlayer insulating layer 160 is contacted with the side
surface of the gate insulating layer 140 within the openings
145 and 146 and is not contacted with the upper surface of
the gate insulating layer 140. The interlayer insulating layer
160 is also formed directly on the buffer layer 120.

[0144] The intetlayer insulating layer 160 has the contact
holes 165 and 166 exposing at least part of the upper surface
of the semiconductor 130. The contact holes 165 and 166 are
positioned within the openings 145 and 146, and the size of
the openings 145 and 146 is larger than the size of the
contact holes 165 and 166.

[0145] The source electrode 170a and the drain electrode
1705 are connected to the semiconductor 130 through the
contact holes 165 and 166, and the source electrode 170a
and the drain electrode 1705 are contacted with the inter-
layer insulating layer 160 on the inner wall of the contact
holes 165 and 166. Accordingly, as the inside of the open-
ings 145 and 146 of the gate insulating layer 140 is filled
with the interlayer insulating layer 160 formed of the organic
insulating material, the buffering force increases such that
the damage due to the bending or the folding can be
prevented.

[0146] Next, the OLED display according to an exemplary
embodiment will be described with reference to FIG. 7.
[0147] The OLED display according to an exemplary
embodiment shown in FIG. 7 is almost the same as the
OLED display according to an exemplary embodiment
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shown in FIG. 6 such that the description thereof is omitted.
In the present exemplary embodiment, the gate insulating
layer is made of two layers, differently from the previous
exemplary embodiment, and it will be described in detail.

[0148] FIG. 7 is a cross-sectional view showing an OLED
display according to an exemplary embodiment. FIG. 7
shows one thin film transistor of the OLED display accord-
ing to an exemplary embodiment, and the thin film transistor
shown in FIG. 7 can be the driving thin film transistor, the
switching thin film transistor, and the like. For convenience,
the pixel electrode, the organic emission layer, the common
electrode, and the like are omitted.

[0149] As shown in FIG. 7, the OLED display according
to an exemplary embodiment includes the substrate 110, the
semiconductor 130 positioned on the substrate 110, the first
gate insulating layer 141 positioned on the semiconductor
130, the gate electrode 150 positioned on the first gate
insulating layer 141, the interlayer insulating layer 160
positioned on the gate electrode 150, and the source elec-
trode 170a and the drain electrode 1705 positioned on the
interlayer insulating layer 160.

[0150] Also, the OLED display according to an exemplary
embodiment can further includes a first capacitor electrode
159a positioned on the first gate insulating layer 141, a
second gate insulating layer 142 positioned on the first
capacitor electrode 159a, and a second capacitor electrode
1595 positioned on the second gate insulating layer 142.

[0151] The first gate insulating layer 141 has the first
openings 145q and 146a exposing at least part of the upper
surface of the semiconductor 130. The first openings 145a
and 146a expose the contact doping regions 132 and 133 of
the semiconductor.

[0152] The gate electrode 150 and the first capacitor
electrode 1594 are positioned on the first gate insulating
layer 141. The second gate insulating layer 142 is positioned
between the first capacitor electrode 159a and the second
capacitor electrode 1595, and is not formed on the gate
electrode 150. The gate electrode 150 is positioned between
the first gate insulating layer 141 and the interlayer insulat-
ing layer 160.

[0153] The second gate insulating layer 142 has the sec-
ond opening 1465 exposing at least part of the upper surface
of the semiconductor 130. The second opening 1465 has a
similar pattern to the first openings 1454 and 146a. How-
ever, the second opening 1465 exposes the upper surface of
the gate electrode 150, differently from the first openings
1454 and 1464. Also, the first openings 1454 and 1464 and
the second opening 1465 expose the part of the buffer layer
120.

[0154] By patterning the first gate insulating layer 141 and
the second gate insulating layer 142 by using the gate
electrode 150 and the second capacitor electrode 1595 as a
mask, the first openings 145a and 146e and the second
opening 1465 can be formed. Accordingly, the first gate
insulating layer 141 has substantially the same pattern as the
gate electrode 150 and the second capacitor electrode 1595.
The first capacitor electrode 159a and the second capacitor
electrode 1595 have substantially the same pattern such that
the first gate insulating layer 141 has substantially the same
pattern as the gate electrode 150 and the first capacitor
electrode 159a. Also, the second gate insulating layer 142
has substantially the same pattern as the second capacitor
electrode 1595.
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[0155] The interlayer insulating layer 160 is positioned on
the gate electrode 150 and the second capacitor electrode
1595, and is also positioned within the first openings 145a
and 146q of the first gate insulating layer 141 and the second
opening 1465 of the second gate insulating layer 142. The
interlayer insulating layer 160 is contacted with the side
surface of the first gate insulating layer 141 within the first
openings 145a and 1464, and is not contacted with the upper
surface of the first gate insulating layer 141. The interlayer
insulating layer 160 is contacted with the side surface of the
second gate insulating layer 142 within the second opening
1465 and is not contacted with the upper surface of the
second gate insulating layer 142. The interlayer insulating
layer 160 is formed directly on the buffer layer 120.
[0156] The interlayer insulating layer 160 has the contact
holes 165 and 166 exposing at least part of the upper surface
of the semiconductor 130. The contact holes 165 and 166 are
positioned within the first openings 145a and 1464, and the
size of the first openings 145a and 146a is larger than the
size of the contact holes 165 and 166.

[0157] The source electrode 170a and the drain electrode
1705 are connected to the semiconductor 130 through the
contact holes 165 and 166, and the source electrode 170a
and the drain electrode 1705 are contacted with the inter-
layer insulating layer 160 on the inner wall of the contact
holes 165 and 166. Accordingly, since the interlayer insu-
lating layer 160 formed of the organic insulating material
fills the first openings 145¢ and 1464 of the first gate
insulating layer 141 and the second opening 1465 of the
second gate insulating layer 142, the buffering force
increases, thereby preventing the damage due to the bending
or the folding.

[0158] Next, the OLED display according to an exemplary
embodiment will be described with reference to FIG. 8.
[0159] The OLED display according to an exemplary
embodiment shown in FIG. 8 is almost the same as the
OLED display according to an exemplary embodiment
shown in FIG. 7 such that the description thereof is omitted.
In the present exemplary embodiment, the interlayer insu-
lating layer has the stepped level difference, differently from
the previous exemplary embodiment, and it will be
described in detail.

[0160] FIG. 8 is a cross-sectional view showing an OLED
display according to an exemplary embodiment. FIG. 8
shows one thin film transistor of the OLED display accord-
ing to an exemplary embodiment, and the thin film transistor
shown in FIG. 8 can be the driving thin film transistor, the
switching thin film transistor, and the like. For convenience,
the pixel electrode, the organic emission layer, the common
electrode, and the like are omitted.

[0161] As shown in FIG. 8, the OLED display according
to an exemplary embodiment includes the substrate 110, the
semiconductor 130 positioned on the substrate 110, the first
gate insulating layer 141 positioned on the semiconductor
130, the gate electrode 150 positioned on the first gate
insulating layer 141, the interlayer insulating layer 160
positioned on the gate electrode 150, and the source elec-
trode 170a and the drain electrode 1705 positioned on the
interlayer insulating layer 160.

[0162] As the gate insulating layer is made of two layers,
the interlayer insulating layer 160 is thick. To stably form the
contact holes 165 and 166 in the interlayer insulating layer
160, the interlayer insulating layer 160 can have the cross-
sectional shape of the stepped level difference within the
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contact holes 165 and 166. The stepped level difference can
be formed by using the half-tone mask or the slit mask in the
process patterning the interlayer insulating layer 160.
[0163] Next, an exemplary embodiment of the OLED
display including the thin film transistor of the above-
described various structures will be described.

[0164] First, the OLED display according to an exemplary
embodiment will be described with reference to FIG. 9 and
FIG. 11. Each thin film transistor of FIG. 9 to FIG. 11 has
the structure of the thin film transistor of FIG. 3, however the
described technology is not limited thereto, and the structure
of other thin film transistors can be included. For example,
the structure of the thin film transistor of FIG. 6 can be
replaced.

[0165] FIG. 9is an equivalent circuit diagram of one pixel
of an OLED display according to an exemplary embodi-
ment.

[0166] As shown in FIG. 9, one pixel PX of the OLED
display according to an exemplary embodiment includes a
plurality of signal lines 121, 171, and 172, a plurality of
transistors T1 and T2 connected to the plurality of signal
lines, a storage capacitor Cst, and an OLED.

[0167] The transistors T1 and T2 include a switching
transistor T1 and a driving transistor T2.

[0168] The signal lines 121, 171, and 172 includes a
plurality of scan lines 121 transmitting a scan signal Sn, a
plurality of data lines 171 crossing the scan lines 121 and
transmitting a data signal Dm, and a plurality of driving
voltage lines 172 transmitting a driving voltage ELVDD and
almost parallel to the data lines 171.

[0169] The switching transistor T1 has a control terminal,
an input terminal, and an output terminal. The control
terminal of the switching transistor T1 is connected to the
scan line 121, the input terminal is connected to the data line
171, and the output terminal is connected to the driving
transistor T2. The switching transistor T1 transmits a data
signal applied to the data signal 171 to the driving transistor
T2 in response to a scan signal applied to the scan line 121.
[0170] The driving thin film transistor T2 also includes a
control terminal, an input terminal, and an output terminal.
The control terminal of the driving transistor T2 is connected
to the switching transistor T1, the input terminal is con-
nected to the driving voltage line 172, and the output
terminal is connected to the OLED. The driving transistor T2
flows an output current Id of which a magnitude varies
according to a voltage applied between the control terminal
and the output terminal.

[0171] The storage capacitor Cst is connected between the
control terminal and the input terminal of the driving tran-
sistor T2. The storage capacitor Cst charges a data signal
applied to the control terminal of the driving transistor T2,
and maintains charging of the data signal after the switching
transistor T1 is turned off.

[0172] The OLED includes an anode connected to the
output terminal of the driving thin film transistor T2, a
cathode connected to a common voltage ELVSS, and an
organic light emitting member formed between the anode
and the cathode. The OLED displays an image by emitting
light with different intensities according to the output current
1d of the driving transistor T2.

[0173] The switching transistor T1 and the driving tran-
sistor T2 can be n-channel field effect transistors (FETs) or
p-channel FETs. In addition, a connection relationship
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between the thin film transistors T1 and T2, the storage
capacitor Cst, and the OLED can be changed.

[0174] Now, a detailed structure of the pixel of the OLED
display according to the exemplary embodiment shown in
FIG. 9 will be described in further detail with reference to
FIG. 10 and FIG. 11 as well as F1G. 9.

[0175] FIG. 10 is a layout view of one pixel of an OLED
display according to an exemplary embodiment, and FIG. 11
is a cross-sectional view taken along a line XI-XI of FIG. 10.
[0176] As shown in FIG. 10 and FIG. 11, in the OLED
display according to an exemplary embodiment, a buffer
layer 120 is formed on a substrate 110. The insulating
substrate 110 can be formed of an insulating material such
as glass, crystal, ceramic, or plastic, and the buffer layer 120
can be formed of a single layer of a silicon nitride (SiNx) or
a dual-layer structure in which a silicon nitride (SiNx) and
a silicon oxide (SiOx) are deposited. The buffer layer 120
serves to planarize a surface while preventing unnecessary
materials such as impurities or moisture from permeating.

[0177] A semiconductor 130 is formed on the buffer layer
120. The semiconductor 130 includes a switching semicon-
ductor 1354 and a driving semiconductor 1356 that are
separated from each other. The semiconductors 135a and
1355 can be formed of a polycrystalline semiconductor
material or an oxide semiconductor material. The oxide
semiconductor material can include any one oxide based on
titanium (Ti), hafnium (Hf), zirconium (Zr), aluminum (Al),
tantalum (Ta), germanium (Ge), zinc (Zn), gallium (Ga), tin
(Sn), or indium (In), and indium-gallium-zinc oxide (In-
GaZn04), indium-zinc oxide (Zn—In—O), zinc tin oxide
(Zn—Sn—0), indium-gallium oxide (In—Ga—0), indium-
tin oxide (In—Sn—O0), indium-zirconium oxide (In—Zr—
0), indium-zirconium-zinc oxide (In—Zr—7n—0),
indium-zirconium-tin oxide (In—Zr—Sn—0), indium-zir-
conium-gallium oxide (In—Zr—Ga—0), indium aluminum
oxide (In—Al—0), indium-zinc-aluminum oxide (In—
Zn—Al—0), indium-tin-aluminum oxide (In—Sn—Al—
0), indium-aluminum-gallium oxide (In—Al—Ga—O0),
indium-tantalum oxide (In—Ta— O), indium-tantalum-zinc
oxide (In—Ta—7n—0), indium-tantalum-tin oxide (In—
Ta—Sn—0), indium-tantalum-gallium oxide (In—Ta—
Ga—0), indium-germanium oxide (In—Ge—O0), indium-
germanium-zinc  oxide (In—Ge—7Zn—0), indium-
germanium-tin -~ oxide  (In—Ge—Sn—O0), indium-
germanium-gallium oxide (In—Ge—Ga—0), titanium-
indium-zinc oxide (Ti—In—Zn—0), or hafnium-indium-
zinc oxide (Hf—In—7n—0) which are compound oxides
thereof. In the case when the semiconductor layer 130 is
formed of the oxide semiconductor, in order to protect the
oxide semiconductor that is vulnerable to an external envi-
ronment such as a high temperature, a separate passivation
layer can be added.

[0178] The switching semiconductor 135a and the driving
semiconductor 1355 are respectively divided into a channel
1355 and a source region 1356 and drain region 1357 formed
at respective sides of the channel 1355. The channel 1355 of
the switching semiconductor 135¢ and the driving semicon-
ductor 1355 is channel-doped with a doping impurity of an
N-type impurity or a P-type impurity, and the source region
1356 and the drain region 1357 of the switching semicon-
ductor 135¢ and the driving semiconductor 1355 are contact
doping regions 1356 and 1457 that are contact-doped with a
higher doping concentration of the doping impurity than
with the channel doping.
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[0179] A gate insulating layer 140 is formed on the
switching semiconductor 135a and the driving semiconduc-
tor 135b. The gate insulating layer 140 is formed of the
inorganic insulating material such as a silicon nitride (SiNx)
or a silicon oxide (SiOx). The gate insulating layer 140 has
openings 1141 and 1142 exposing at least part of the upper
surface of the semiconductor 130. The openings 1141 and
1142 expose the contact doping regions 1356 and 1357 of
the semiconductor 130.

[0180] A scan line 121, a driving gate electrode 1255, and
a first storage capacitor plate 128 are formed on the gate
insulating layer 140. The scan line 121 extends in the
horizontal direction and transmits the scan signal Sn, and
includes a switching gate electrode 1254 protruded from the
scan line 121 to the switching semiconductor 135a. The
driving gate electrode 1256 is protruded from the first
storage capacitor plate 128 to the driving semiconductor
135b. The switching gate electrode 1254 and the driving
gate electrode 1255 respectively overlap the channel 1355.

[0181] An interlayer insulating layer 160 is formed on the
scan line 121, the driving gate electrode 1255, and the first
storage capacitor plate 128. The interlayer insulating layer
160 is formed of the organic insulating material. The inter-
layer insulating layer 160 is also positioned within the
openings 1141 and 1142 of the gate insulating layer 140.
That is, within the openings 1141 and 1142, the side surface
of the gate insulating layer 140 and the interlayer insulating
layer 160 are contacted. The scan line 121, the driving gate
electrode 1255, and the first storage capacitor plate 128 are
positioned between the gate insulating layer 140 and the
interlayer insulating layer 160.

[0182] The interlayer insulating layer 160 has contact
holes 1161 and 1162 exposing at least part of the upper
surface of the semiconductor 130. The contact holes 1161
and 1162 expose the contact doping regions 1356 and 1357
of the semiconductor 130. The contact holes 1161 and 1162
are positioned within the openings 1141 and 1142, and the
size of the openings 1141 and 1142 is larger than the size of
the contact holes 1161 and 1162. Also, the interlayer insu-
lating layer 160 includes the storage contact hole 63 expos-
ing the part of the first storage capacitor plate 128.

[0183] A dataline 171 having a switching source electrode
176a, a driving voltage line 172 including a driving source
electrode 1765 and a second storage capacitor plate 178, a
switching drain electrode 177a connected to the first storage
capacitor plate 128, and a driving drain electrode 1775 are
formed on the interlayer insulating layer 160.

[0184] The data line 171 transmits the data signal Dm and
extends in a direction crossing the scan line 121. The driving
voltage line 172 transmits the driving voltage ELVDD and
is separated from and extends in the same direction as the
data line 171.

[0185] The switching source electrode 1764 is protruded
from the data line 171 toward the switching semiconductor
1354, and the driving source electrode 1765 is protruded
from the driving voltage line 172 to the driving semicon-
ductor 135b. The switching source electrode 176a and the
driving source electrode 1765 are respectively connected to
the source region 1356 through a source contact hole 61. The
switching source electrode 176a and the driving source
electrode 1764 are contacted with the interlayer insulating
layer 160 on the inner wall of the contact hole 1161. The
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switching source electrode 176a and the driving source
electrode 1765 are not directly contacted with the gate
insulating layer 140.

[0186] The switching drain electrode 177a faces the
switching source electrode 1764, the driving drain electrode
177 faces the driving source electrode 1765, and the
switching drain electrode 1774 and the driving drain elec-
trode 177b are respectively connected to the drain region
1357 through a drain contact hole 62. The switching drain
electrode 177a and the driving drain electrode 1775 are
contacted with the interlayer insulating layer 160 on the
inner wall of the contact hole 1162. The switching drain
electrode 1774 and the driving drain electrode 1775 are not
contacted directly with the gate insulating layer 140.

[0187] The switching source electrode 176a, the driving
source electrode 1764, the switching drain electrode 1774,
and the driving drain electrode 1775 are not directly con-
tacted with the gate insulating layer 140 formed of the
inorganic material, but are contacted with the interlayer
insulating layer 160 formed of the organic material, thereby
increasing the buffering force. In the present exemplary
embodiment, the inside of the openings 1141 and 1142 of the
gate insulating layer 140 is filled with the interlayer insu-
lating layer 160 formed of the organic insulating material to
increase the buffering force, thereby preventing the damage
due to the bending or the folding.

[0188] The switching drain electrode 177a extends and is
electrically connected to the first storage capacitor plate 128
and the driving gate electrode 125b through the storage
contact hole 63 formed in the interlayer insulating layer 160.

[0189] The second storage capacitor plate 178 is protruded
from the driving voltage line 171 and overlaps the first
storage capacitor plate 128. Accordingly, the first storage
capacitor plate 128 and the second storage capacitor plate
178 form the storage capacitor Cst using the interlayer
insulating layer 160 as a dielectric material.

[0190] The switching semiconductor 135a, the switching
gate electrode 1254, the switching source electrode 176a,
and the switching drain electrode 177a form the switching
transistor T1, and the driving semiconductor 1355, the
driving gate electrode 125a, the driving source electrode
1765, and the driving drain electrode 1774 form the driving
transistor T2.

[0191] The passivation layer 180 is formed on the switch-
ing source electrode 176a, the driving source electrode
1760, the switching drain electrode 177a, and the driving
drain electrode 1775.

[0192] A pixel electrode 191 is formed on the passivation
layer 180, and the pixel electrode 191 can be formed of a
transparent conductive material such as indium tin oxide
(ITO), indium zinc oxide (1ZO), zinc oxide (ZnO), or indium
oxide (In203), or a reflective metal such as lithium (Li),
calcium (Ca), lithium fluoride/calcium (LiF/Ca), lithium
fluoride/aluminum (LiF/Al), aluminum (Al), silver (Ag),
magnesium (Mg), or gold (Au). The pixel electrode 710 is
electrically connected with the driving drain electrode 177
of the driving transistor T2 through a contact hole 81 formed
in the interlayer insulating layer 160 to become an anode of
an OLED.

[0193] A pixel defining layer 350 is positioned on the
passivation layer 180 and an edge of the pixel electrode 191.
The pixel defining layer 350 has a pixel opening 351
exposing the pixel electrode 191. The pixel definition layer
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180 can include a resin such as a polyacrylate or polyimide,
a silica-based inorganic material, and the like.

[0194] An organic emission layer 370 is formed in the
pixel opening 351 of the pixel defining layer 350. The
organic emission layer 370 is formed as a multilayer includ-
ing one or more of an emission layer, a hole-injection layer
(HIL), a hole-transporting layer (HTL), an electron-trans-
porting layer (ETL), and an electron-injection layer (EIL. In
the case where the organic emission layer 370 includes all
the layers, the hole-injection layer is positioned on the pixel
electrode 191 which is an anode, and the hole-transporting
layer, the emission layer, the electron-transporting layer, and
the electron-injection layer can be sequentially laminated
thereon.

[0195] The organic emission layer 370 can include a red
organic emission layer emitting red light, a green organic
emission layer emitting green light, and a blue organic
emission layer emitting blue light. The red organic emission
layer, the green organic emission layer, and the blue organic
emission layer are formed in a red pixel, a green pixel, and
a blue pixel, respectively, thereby implementing a color
image.

[0196] Further, the organic emission layer 370 can imple-
ment the color image by laminating the red organic emission
layer, the green organic emission layer, and the blue organic
emission layer together in the red pixel, the green pixel, and
the blue pixel, and forming a red color filter, a green color
filter, and a blue color filter for each pixel. As another
example, white organic emission layers emitting white light
are formed in all of the red pixel, the green pixel, and the
blue pixel, and a red color filter, a green color filter, and a
blue color filter are formed for each pixel, thereby imple-
menting the color image. In the case of implementing the
color image by using the white organic emission layer and
the color filters, a deposition mask for depositing the red
organic emission layer, the green organic emission layer, and
the blue organic emission layer on respective pixels, that is,
the red pixel, the green pixel, and the blue pixel, does not
need to be used.

[0197] The white organic emission layer described in
another example can be formed by one organic emission
layer, and includes a configuration in which a plurality of
organic emission layers are laminated to emit white light.
For example, the white organic emission layer can include a
configuration which can emit white light by combining at
least one yellow organic emission layer and at least one blue
organic emission layer, a configuration which can emit white
light by combining at least one cyan organic emission layer
and at least one red organic emission layer, a configuration
which can emit white light by combining at least one
magenta organic emission layer and at least one green
organic emission layer, and the like.

[0198] A common electrode 270 is formed on the pixel
defining layer 350 and the organic emission layer 370. The
common electrode 720 can be formed of a transparent
conductive material such as indium tin oxide (no), indium
zinc oxide (IZO), zinc oxide (ZnO), or indium oxide
(In203), or a reflective metal such as lithium (Li), calcium
(Ca), lithium fluoride/calcium (LiF/Ca), lithium fluoride/
aluminum (LiF/Al), aluminum (Al), silver (Ag), magnesium
(Mg), or gold (Au). The common electrode 270 becomes the
cathode of the OLED. The pixel electrode 191, the organic
emission layer 370, and the common electrode 270 config-
ure the OLED.
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[0199] Next, the OLED display according to an exemplary
embodiment will be described with reference to FIG. 12 to
FIG. 16. Each thin film transistor of FIG. 12 to FIG. 16 has
the structure of the thin film transistor of FIG. 4, however the
described technology is not limited thereto, and other struc-
tures of the thin film transistor can be provided. For
example, the structure of the thin film transistor of FIG. 5,
FIG. 7, and FIG. 8 can be replaced.

[0200] FIG. 12 is an equivalent circuit diagram of one
pixel of an OLED display according to an exemplary
embodiment.

[0201] As shown in FIG. 6, the OLED display according
to an exemplary embodiment includes a plurality of signal
lines 151, 152, 153, 158, 171, 172, and 192 and a plurality
of pixels PX connected to the signal lines and arranged in the
substantial matrix type.

[0202] Each pixel PX includes a plurality of transistors T1,
T2, T3, T4, T5, and T6 connected to the plurality of signal
lines 151, 152, 153, 171, 172, and 192, a storage capacitor
Cst, and an OLED.

[0203] The transistors T1, T2, T3, T4, T5, and T6 include
a driving transistor T1, a switching transistor T2, a com-
pensation transistor T3, an initialization transistor T4, an
operation control transistor, TS and a light emission control
transistor T6. The signal lines 151, 152, 153, 171, 172, and
192 includes a scan line 151 transmitting a scan signal Sn,
a previous scan line 152 transmitting a previous scan signal
S(n-1) to the initialization transistor T4, a light emission
control line 153 transmitting a light emission control signal
EM to the operation control transistor T5 and the light
emission control transistor T6, a data line 171 crossing the
scan line 151 and transmitting a data signal Dm, a driving
voltage line 172 transmitting a driving voltage ELVDD and
formed to be almost parallel to the data line 171, and an
initialization voltage line 192 transmitting an initialization
voltage Vint initializing the driving transistor T1.

[0204] A gate electrode G1 of the driving transistor T1 is
connected to one end Cstl of the storage capacitor Cst, a
source electrode S1 of the driving transistor T1 is connected
with the driving voltage line 172 via the operation control
transistor T5, and a drain electrode D1 of the driving
transistor T1 is electrically connected with an anode of the
OLED via the emission control transistor T6. The driving
transistor T1 receives the data signal Dm according to a
switching operation of the switching transistor T2 to supply
a driving current 14 to the OLED.

[0205] A gate electrode G2 of the switching transistor T2
is connected with the scan line 151, a source electrode S2 of
the switching transistor T2 is connected with the data line
171, and a drain electrode D2 of the switching transistor T2
is connected with the source electrode S1 of the driving
transistor T1 and connected with the driving voltage line 172
via the operation control transistor T5. The switching tran-
sistor T2 is turned on according to the scan signal Sn
received through the scan line 121 to perform a switching
operation transferring the data signal Dm transferred to the
data line 171 to the source electrode of the driving transistor
T1.

[0206] A gate electrode G3 of the compensation transistor
T3 is directly connected with the scan line 151, a source
electrode S3 of the compensation transistor T3 is connected
to the drain electrode D1 of the driving transistor T1 and
with an anode of the OLED via the light emission control
transistor T6, and a drain electrode D3 of the compensation
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transistor T3 is connected with one end Cstl of the storage
capacitor Cst and the drain electrode D4 of the initialization
transistor T4, and the gate electrode G1 of the driving
transistor T1, together. The compensation transistor T3 is
turned on according to the scan signal Sn received through
the scan line 151 to connect the gate electrode G1 and the
drain electrode D1 of the driving transistor T1 and diode-
connect the driving transistor T1.

[0207] A gate electrode G4 of the initialization transistor
T4 is connected with the previous scan line 152, a source
electrode S4 of the initialization transistor T4 is connected
with the initialization voltage line 192, and a drain electrode
D4 of the initialization transistor T4 is connected with one
end Cstl of the storage capacitor Cst and the gate electrode
G1 of the driving transistor T1 together through the drain
electrode D3 of the compensation transistor T3. The initial-
ization transistor T4 is turned on according to a previous
scan signal S(n-1) received through the previous scan line
152 to transfer the initialization voltage Vint to the gate
electrode G1 of the driving transistor T1 and then perform
an initialization operation of initializing a voltage of the gate
electrode G1 of the driving transistor T1.

[0208] A gate electrode G5 of the operation control tran-
sistor T5 1s connected with the light emission control line
153, a source electrode S5 of the operation control transistor
T5 is connected with the driving voltage line 172, and a
drain electrode D5 of the operation control transistor T3 is
connected with the source electrode S1 of the driving
transistor T1 and the drain electrode S2 of the switching
transistor T2,

[0209] A gate electrode G6 of the light emission control
transistor T6 is connected to the light emission control line
153, the source electrode S6 of the light emission control
transistor T6 is connected to the drain electrode D1 of the
driving transistor T1 and the source electrode S3 of the
compensation transistor T3, and the drain electrode D6 of
the first light emission control transistor T6 is electrically
connected to the anode of the OLED. The operation control
transistor T5 and the light emission control transistor T6 are
substantially simultaneously turned on according to the light
emission control signal EM transmitted to the light emission
control line 153 such that the driving voltage ELVDD 1is
compensated through the diode-connected driving transistor
T1 and is transmitted to the OLED.

[0210] The other end Cst2 of the storage capacitor Cst is
connected with the driving voltage line 172, and a cathode
of the OLED is connected with a common voltage line 741
transferring a common voltage ELVSS.

[0211] Next, the detailed structure of the OLED display
according to an exemplary embodiment shown in FIG. 12
will be described with reference to FIG. 13, FIG. 14, FIG.
15, and FIG. 16 as well as FIG. 12.

[0212] FIG. 13 is a schematic layout view of a plurality of
transistors and a capacitor of an OLED display according to
an exemplary embodiment. FIG. 14 is a detailed layout view
of FIG. 13. FIG. 15 is a cross-sectional view of the OLED
display of FIG. 14 taken along a line XV-XV. FIG. 16 is a
cross-sectional view of the OLED display of FIG. 14 taken
along a line XVI-XVI.

[0213] Hereinafter, a detailed planar structure of the
OLED display device according to the exemplary embodi-
ment will be first described in detail with reference to FIG.
13 and FIG. 14, and a detailed cross-sectional structure will
be described in detail with reference to FIG. 15 and F1G. 16.
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[0214] The OLED display according to an exemplary
embodiment includes a scan line 151, a previous scan line
152, and a light emission control line 153 respectively
applying the scan signal Sn, the previous scan signal S(n-1),
and the light emission control signal EM and formed along
with the row direction. Also, a data line 171 and a driving
voltage line 172 crossing the scan line 151, the previous scan
line 152, and the light emission control line 153 and respec-
tively applying the data signal Dm and the driving voltage
ELVDD to the pixel PX are included. The initialization
voltage Vint is transmitted from the initialization voltage
line 192 through the initialization transistor T4 to the com-
pensation transistor T3. The initialization voltage line 192 is
formed while alternately having a straight portion and an
oblique portion.

[0215] Also, in each pixel PX, the driving transistor T1,
the switching transistor T2, the compensation transistor T3,
the initialization transistor T4, the operation control transis-
tor T5, the light emission control transistor T6, the storage
capacitor Cst, and the OLED are formed.

[0216] The OLED is made of the pixel electrode 191, the
organic emission layer 370, and the common electrode 270.
In this case, the initialization transistor T4 is configured as
a dual gate structure transistor in order to block a leakage
current.

[0217] Each channel of the driving transistor T1, the
switching transistor T2, the compensation transistor T3, the
initialization transistor T4, the operation control transistor
T5, and the light emission control transistor T6 is formed
inside one semiconductor 130, and the semiconductor 130
can be formed to be curved in various shapes. The semi-
conductor 130 can be formed of a polycrystalline semicon-
ductor material or an oxide semiconductor material.

[0218] The semiconductor 130 includes a channel which is
doped with an N-type impurity or a P-type impurity, and a
source doping part and a drain doping part which are formed
at respective sides of the channel and doped with an oppo-
site-type doping impurity to the doping impurity doped on
the channel. In the exemplary embodiment, the source
doping part and the drain doping part correspond to the
source electrode and the drain electrode, respectively. The
source electrode and the drain electrode formed in the
semiconductor 130 can be formed by doping only the
corresponding regions. Further, in the semiconductor 130, a
region between source electrodes and drain electrodes of
different transistors is doped, and thus the source electrode
and the drain electrode can be electrically connected to each
other.

[0219] The channel 131 includes a driving channel 131a
formed in the driving transistor T1, a switching channel
1315 formed in the switching transistor T2, a compensation
channel 131c¢ formed in the compensation transistor T3, an
initialization channel 1314 formed in the initialization tran-
sistor T4, an operation control channel 131e formed in the
operation control transistor T5, and a light emission control
channel 131/ formed in the light emission control transistor
T6.

[0220] The driving transistor T1 includes the driving chan-
nel 131a, a driving gate electrode 1554, a driving source
electrode 136a, and a driving drain electrode 137a. The
driving channel 1314 is curved and can have a meandering
shape or a zigzag shape. As such, by forming the curved
driving channel 131a, the driving channel 131a can be
formed to be elongated in a narrow space. Accordingly, a
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driving range of the driving gate-source voltage Vgs
between the driving gate electrode 1554 and the driving
source electrode 136a is increased by the elongated driving
channel 131a. The driving range of the driving gate-source
voltage Vgs means a difference between the maximum
driving gate-source voltage of the driving transistor corre-
sponding to the maximum gray and the minimum driving
gate-source voltage of the driving transistor corresponding
to the minimum gray or the difference between the driving
gate-source voltages Vgs for each step for the gray expres-
sion. Since the driving range of the gate voltage is increased,
a gray scale of light emitted from the OLED can be finely
controlled by changing the magnitude of the gate voltage,
and as a result, the resolution of the OLED display device
can be enhanced and display quality can be improved.
Various examples such as ‘reverse S’, ‘S’, ‘M’, and ‘W’ can
be implemented by variously modifying the shape of the
driving channel 131a.

[0221] The driving gate electrode 155a overlaps with the
driving channel 131q, and the driving source electrode 1364
and the driving drain electrode 1374 are formed at respective
sides of the driving channel 131a to be close. The driving
gate electrode 155q is connected to a first data connecting
member 174 through a contact hole 61.

[0222] The switching transistor T2 includes the switching
channel 1315, a switching gate electrode 1554, a switching
source electrode 1365, and a switching drain electrode 1375.
The switching gate electrode 15556 which is some of the
portion extending downward from the scan line 151 overlaps
the switching channel 1315 and the switching source elec-
trode 1365 and the switching drain electrode 1375 are
formed to be adjacent to respective sides of the switching
channel 1315. The switching source electrode 1364 is con-
nected to the data line 171 through a contact hole 62.
[0223] The compensation transistor T3 includes the com-
pensation channel 131c, a compensation gate electrode
155¢, a compensation source electrode 136¢, and a compen-
sation drain electrode 137¢. The compensation gate elec-
trode 155¢ as the part of the scan line 151 overlaps the
compensation channel 131¢. The compensation source elec-
trode 136¢ and the compensation drain electrode 137¢ are
formed to be adjacent to respective sides of the compensa-
tion channel 131¢. The compensation drain electrode 137¢ is
connected to a first data connecting member 174 through a
contact hole 63.

[0224] The initialization transistor T4 includes the initial-
ization channel 1314, an initialization gate electrode 1554,
an initialization source electrode 1364, and an initialization
drain electrode 137d. The initialization gate electrode 1554
that is a part of the previous scan line 152 is formed as two
to prevent the leakage current, and overlaps the initialization
channel 131d. The initialization source electrode 1364 and
the initialization drain electrode 1374 are formed to be
adjacent to respective sides of the initialization channel
131d. The initialization source electrode 1364 is connected
to a second data connecting member 175 through a contact
hole 64.

[0225] The operation control transistor T5 includes the
operation control channel 131e, an operation control gate
electrode 155¢, an operation control source electrode 136e,
and an operation control drain electrode 137e. The operation
control gate electrode 155¢ that is a part of the light emission
control line 153 overlaps the operation control channel 131e,
and the operation control source electrode 136¢ and the
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operation control drain electrode 137¢ are formed to be
adjacent to respective sides of the operation control channel
131e. The operation control source electrode 136¢ is con-
nected to a part that extends from the driving voltage line
172 through a contact hole 65.

[0226] The light emission control transistor T6 includes
the light emission control channel 131/, a light emission
control gate electrode 155/, a light emission control source
electrode 136/, and a light emission control drain electrode
137f. The light emission control gate electrode 155/ that is
apart of the light emission control line 153 overlaps the light
emission control channel 131f, and the light emission con-
trol source electrode 136/ and the light emission control
drain electrode 1371 are formed to be adjacent to respective
sides of the light emission control channel 1311, The light
emission control drain electrode 137fis connected to a third
data connecting member 179 through a contact hole 66.

[0227] One end of the driving channel 131a of the driving
transistor T1 is connected to the switching drain electrode
13756 and the operation control drain electrode 137¢, and the
other end of the driving channel 131a is connected to the
compensation source electrode 136¢ and the light emission
control source electrode 136f.

[0228] The storage capacitor Cst includes a first storage
electrode 1554 and a second storage electrode 156 disposed
via a second gate insulating layer 142 interposed therebe-
tween. The first storage electrode 155a corresponds to the
driving gate electrode 155a, and the second storage elec-
trode 156 is a portion extending from a storage line 157 and
occupies a wider area than that of the driving gate electrode
155a and completely covers the driving gate electrode 1554.

[0229] Here, the second gate insulating layer 142 is a
dielectric material, and storage capacitance is determined by
a charge charged in the storage capacitor Cst and a voltage
between both electrodes 155a and 156. As such, the driving
gate electrode 155a is used as the first storage electrode
1554, and thus a space in which the storage capacitor can be
formed can be secured in a space that is narrowed due to the
driving channel 131a occupying a large area within the
pixel.

[0230] The first storage electrode 155a which is the driv-
ing gate electrode 155a is connected to one end of the
driving connecting member 174 through an opening 41, the
contact hole 61, and a storage opening 51. The storage
opening 51 is an opening which is formed in the second
storage electrode 156. Accordingly, the contact hole 61 to
connect one end of the driving connecting member 174 and
the driving gate electrode 155a is formed inside the storage
opening 156. The first driving connecting member 174 is
formed with the same layer as the data line 171 to be almost
parallel therewith, and the other end of the first driving
connecting member 174 is connected to the compensation
drain electrode 137¢ of the compensation transistor T3 and
the initialization drain electrode 1374 of the initialization
transistor T4 through the contact hole 63. Accordingly, the
first driving connecting member 174 connects the driving
gate electrode 1554 and the compensation drain electrode
137¢ of the compensation transistor T3 and the initialization
drain electrode 1374 of the initialization transistor T4 to
each other.

[0231] Accordingly, the storage capacitor Cst stores stor-
age capacitance corresponding to a difference between the
driving voltage ELVDD transmitted to the second storage
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electrode 156 through the driving voltage line 172 and the
gate voltage Vg of the driving gate electrode 155a.

[0232] The pixel connecting member 179 is connected to
the pixel electrode 191 through a contact hole 81, and the
initialization connecting member 175 is connected to the
initialization voltage line 192 through a contact hole 82.
[0233] Hereinafter, the cross-sectional structures of the
OLED display device according to an exemplary embodi-
ment will be described in detail according to a stacking
order.

[0234] A buffer layer 120 can be formed on an insulating
substrate 110.
[0235] On the buffer layer 120, the semiconductor 130

including the channel 131 including the driving channel
131a, the switching channel 1315, the compensation channel
131¢, the initialization channel 1314, the operation control
channel 131e, and the light emission control channel 131f7is
formed. The driving source electrode 1364 and the driving
drain electrode 137a are formed on respective sides of the
driving channel 131a in the semiconductor 130, and the
switching source electrode 1365 and the switching drain
electrode 1375 are formed on respective sides of the switch-
ing channel 1315. The compensation source electrode 136¢
and the compensation drain electrode 137¢ are formed at
respective sides of the compensation channel 131¢, and the
initialization source electrode 1364 and the initialization
drain electrode 137d are formed at respective sides of the
initialization channel 1314. The operation control source
electrode 136e and the operation control drain electrode
137e are formed at respective sides of the operation control
channel 131e, and the emission control source electrode
136/ and the emission control drain electrode 137/ are
formed at respective sides of the emission control channel
1311

[0236] A first gate insulating layer 141 covering the semi-
conductor 130 is formed thereon. On the first gate insulating
layer 141, a first gate wire (151, 152, 153, 1554, 15556, 155¢,
155d, 155¢, and 155f) including a switching gate electrode
1550, a scan line 151 including a compensation gate elec-
trode 155¢, a previous scan line 152 including an initializa-
tion gate electrode 1554, a light emission control line 153
including an operation control gate electrode 155¢ and a
light emission control gate electrode 155f; and a driving gate
electrode (a first storage electrode) 1554 is formed.

[0237] A second gate insulating layer 142 covering the
first gate wire (151, 152, 153, 1554, 155b, 155¢, 155d, 155e,
and 155f) and the first gate insulating layer 141 is formed
thereon. The first gate insulating layer 141 and the second
gate insulating layer 142 are formed of the inorganic insu-
lating material such as a silicon nitride (SiNx) and silicon
oxide (SiOx). The first gate insulating layer 141 and the
second gate insulating layer 142 have openings 41, 42, 43,
44, 45, and 46 exposing at least part of the upper surface of
the semiconductor 130.

[0238] Second gate wires 157 and 156 including the
storage line 157 parallel to the scan line 151 and the second
storage electrode 156 as a portion extending from the
storage line 157 are formed on the second gate insulating
layer 142.

[0239] The second storage electrode 156 is wider than the
first storage electrode 155a functioning as the driving gate
electrode such that the second storage electrode 156 covers
the entire driving gate electrode 155a.
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[0240] An interlayer insulating layer 160 is formed on the
second gate insulating layer 142 and the second gate wires
157 and 156. The interlayer insulating layer 160 is formed
of the organic insulating material. The interlayer insulating
layer 160 is also positioned within the openings 41, 42, 43,
44, 45, and 46 of the first gate insulating layer 141 and the
second gate insulating layer 142. That is, within the open-
ings 41, 42, 43, 44, 45, and 46, the side surface of the first
gate insulating layer 141 and the second gate insulating layer
142, and the interlayer insulating layer 160 are contacted.

[0241] The interlayer insulating layer 160 has contact
holes 61, 62, 63, 64, 65, and 66 exposing at least part of the
upper surface of the semiconductor 130. The contact holes
61, 62, 63, 64, 65, and 66 are positioned within the openings
41, 42, 43, 44, 45, and 46, and the size of the openings 41,
42, 43, 44, 45, and 46 is larger than the size of the contact
holes 61, 62, 63, 64, 65, and 66.

[0242] Adatawire(171,172,174,175, and 179) including
the data line 171, the driving voltage line 172, the first data
connecting member 174, the second data connecting mem-
ber 175, and the third data connecting member 179 is formed
on the interlayer insulating layer 160.

[0243] The data line 171 is connected to the switching
source electrode 1364 through the contact hole 62. The data
line 171 is contacted with the interlayer insulating layer 160
on the inner wall of the contact hole 62, but is not directly
contacted with the first gate insulating layer 141 and the
second gate insulating layer 142.

[0244] One end of the first data connecting member 174 is
connected to the first storage electrode 1554 through the
contact hole 61, and the other end of the first data connecting
member 174 is connected to the compensation drain elec-
trode 137¢ and the initialization drain electrode 1374
through the contact hole 63. The first data connecting
member 174 is contacted with the interlayer insulating layer
160 on the inner wall of the contact hole 61 and 63, but is
not directly contacted with the first gate insulating layer 141
and the second gate insulating layer 142.

[0245] The second data connecting member 175 parallel to
the data line 171 is connected to the initialization source
electrode 1364 through the contact hole 64. The second data
connecting member 175 is contacted with the interlayer
insulating layer 160 on the inner wall of the contact hole 64,
but is not directly contacted with the first gate insulating
layer 141 and the second gate insulating layer 142.

[0246] The third data connecting member 179 is con-
nected to the light emission control drain electrode 137/
through the contact hole 66. The third data connecting
member 179 is contacted with the interlayer insulating layer
160 on the inner wall of the contact hole 66, but is not
directly contacted with the first gate insulating layer 141 and
second gate insulating layer 142.

[0247] The data line 171, the first data connecting member
174, the second data connecting member 175, and the third
data connecting member 179 are not directly contacted with
the first gate insulating layer 141 and the second gate
insulating layer 142 formed of the inorganic material, but are
contacted with the interlayer insulating layer 160 formed of
the organic material, thereby increasing the buffering force.
In the present exemplary embodiment, the inside of the
openings 41, 42, 43, 44, 45, and 46 of the first gate insulating
layer 141 and the second gate insulating layer 142 is filled
with the interlayer insulating layer 160 formed of the organic
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insulating material such that the buffering force increases,
thereby preventing the damage due to the bending or the
folding.

[0248] A passivation layer 180 covering the data wire
(171, 172, 174, 175, and 179), and the interlayer insulating
layer 160 is formed thereon. The passivation layer 180 can
be formed of an organic layer.

[0249] A pixel electrode 191 and an initialization voltage
line 192 are formed on the passivation layer 180. The third
data connection member 179 is connected with the pixel
electrode 191 through a contact hole 81 formed on the
passivation layer 180, and the second data connection mem-
ber 175 is connected with the initialization voltage line 192
through a contact hole 82 formed on the passivation layer
180.

[0250] A pixel defined layer (PDL) 350 covering the
passivation layer 180, the initialization voltage line 192, and
the pixel electrode 191 is formed on edges of the passivation
layer 180, the initialization voltage line 192, and the pixel
electrode 191, and the pixel defined layer 350 has a pixel
opening 351 that exposes the pixel electrode 191.

[0251] An organic emission layer 370 is formed on the
pixel electrode 191 exposed by the pixel opening 351, and
a common electrode 270 is formed on the organic emission
layer 370. The common electrode 270 is formed on the pixel
defined layer 350 to be formed through the plurality of
pixels. As such, an OLED OLED is formed, which includes
the pixel electrode 191, the organic emission layer 370, and
the common electrode 270.

[0252] An encapsulation member (not shown) protecting
the OLED can be formed on the common electrode 270, and
the encapsulation member can be sealed to the substrate 110
by a sealant and can be formed of various materials such as
glass, quartz, ceramic, plastic, and a metal. On the other
hand, a thin film encapsulation layer can be formed on the
common electrode 270 by depositing the inorganic layer and
the organic layer without the usage of the sealant.

[0253] While the inventive technology has been described
in connection with what is presently considered to be
practical 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 modifica-
tions 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 having a flexible portion configured to bend or
fold;

a semiconductor positioned over the substrate;

a gate insulating layer positioned over the semiconductor
and having an opening;

an interlayer insulating layer positioned over the gate
insulating layer, wherein a portion of the interlayer
insulating layer is positioned within the opening;

a gate electrode positioned between the gate insulating
layer and the interlayer insulating layer and overlap-
ping the semiconductor in the depth dimension of the
OLED display; and

a source electrode and a drain electrode positioned over
the interlayer insulating layer and connected to the
semiconductor.

2. The OLED display of claim 1, wherein the interlayer

insulating layer comprises an organic insulating material.
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3. The OLED display of claim 2, wherein the gate
insulating layer comprises the organic insulating matetial or
an inorganic insulating material.

4. The OLED display of claim 2, wherein the interlayer
insulating layer has a contact hole positioned within the
opening, and wherein the source and drain electrodes are
connected to the semiconductor through the contact hole.

5. The OLED display of claim 4, wherein the contact hole
has a tapered shape.

6. The OLED display of claim 5, wherein the interlayer
insulating layer has a top surface and a sidewall that form a
taper angle with respect to each other, and wherein the taper
angle is greater than about 30 degrees and less than about 80
degrees.

7. The OLED display of claim 2, wherein the source and
drain electrodes do not directly contact the gate insulating
layer.

8. The OLED display of claim 2, wherein the semicon-
ductor, the gate insulating layer, the interlayer insulating
layer, the gate electrode, the source electrode, and the drain
electrode form a thin film transistor (TFT) positioned over
the flexible portion.

9. The OLED display of claim 2, further comprising a
display area including a plurality of pixels and a non-display
area including a driver configured to generate and transmit
a signal to drive the pixels, and wherein each of the pixels
or the driver includes a thin film transistor comprising the
semiconductor, the gate insulating layer, the interlayer insu-
lating layer, the gate electrode, the source electrode, and the
drain electrode.

10. The OLED display of claim 2, wherein the gate
insulating layer includes:

a first gate insulating layer positioned over the semicon-

ductor; and

a second gate insulating layer positioned over the first

gate insulating layer.

11. The OLED display of claim 10, wherein the gate
electrode is positioned between the first and second gate
insulating layers.

12. The OLED display of claim 10, further comprising;

a first capacitor electrode positioned between the first and

second gate insulating layers: and

a second capacitor electrode positioned over the second

gate insulating layer and overlapping the first capacitor
electrode in the depth dimension of the OLED display.

13. The OLED display of claim 10, wherein the opening
includes:

a first opening formed in the first gate insulating layer; and

a second opening formed in the second gate insulating

layer.

14. The OLED display of claim 13, wherein the second
opening is larger than the first opening.

15. The OLED display of claim 10, wherein the interlayer
insulating layer includes a contact hole positioned within the
opening, and wherein the source and drain electrodes are
connected to the semiconductor through the contact hole.

16. The OLED display of claim 15, wherein the interlayer
insulating layer has a step shape within the contact hole.

17. The OLED display of claim 2, wherein the opening
exposes at least part of an upper surface of the semiconduc-
tor and an entire side surface of the semiconductor.

18. The OLED display of claim 17, wherein the gate
insulating layer has substantially the same shape as the gate
electrode.
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19. The OLED display of claim 17, wherein the gate
insulating layer includes:

a first gate insulating layer positioned over the semicon-

ductor; and

a second gate insulating layer positioned over the first

gate insulating layer.

20. The OLED display of claim 19, wherein the gate
electrode is positioned between the first gate insulating layer
and the interlayer insulating layer.

21. The OLED display of claim 20, further comprising:

a first capacitor electrode positioned between the first and

second gate insulating layers; and

a second capacitor electrode positioned over the second

gate insulating layer and overlapping the first capacitor
electrode in the depth dimension of the OLED display.

22. The OLED display of claim 21, wherein the first gate
insulating layer has substantially the same shape as the gate
electrode and the second capacitor electrode.

23. The OLED display of claim 21, wherein the second
gate insulating layer has substantially the same shape as the
second capacitor electrode.

24. The OLED display of claim 19, wherein the interlayer
insulating layer has a contact hole positioned within the
opening, and wherein the source and drain electrodes are
connected to the semiconductor through the contact hole.
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25. The OLED display of claim 24, wherein the interlayer
insulating layer has a step shape within the contact hole.

26. An organic light-emitting diode (OLED) display,
comprising;

a flexible substrate;

a semiconductor formed over the substrate and having a
plurality of doped regions at opposing ends of the
semiconductor;

a gate insulating layer formed over the semiconductor;

an interlayer insulating layer formed over the gate insu-
lating layer; and

a source electrode and a drain electrode formed over the
interlayer insulating layer, wherein the interlayer insu-
lating layer contacts the doped regions via a plurality of
openings formed in the gate insulating layer, and
wherein the source and drain electrodes respectively
contact the doped regions via a plurality of contact
holes formed in the interlayer insulating layer.

27. The OLED display of claim 26, wherein each of the
contact holes has a width that increases as a function of
distance from the semiconductor.

28. The OLED display of claim 27, wherein each of the
openings has a width that increases as a function of distance
from the semiconductor.
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