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Description

[0001] The described technology generally relates to
an organic light-emitting diode display.

[0002] US 2013/200375, US 2015/263312, US
2015/041769, CN 104282769 and US 2010/001287 all
disclose flexible light emitting devices.

[0003] Each organic light-emitting diode (OLED) in an
OLED display includes two electrodes and an interposed
organic emission layer. An electron injected from one
electrode 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.

[0004] Such an OLED display includes a matrix of pix-
els, each pixelincluding a self-emissive OLED. Each pix-
el 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 switch-
ing thin film transistor and a driving thin film transistor.
[0005] Each thin film transistor includes a gate elec-
trode, a semiconductor, a source electrode, and a drain
electrode, and an insulating layer can be positioned be-
tween the semiconductor and the source and drain elec-
trodes. In this case, the insulating layer can include a
contact hole to connect the semiconductor and the
source and drain electrodes. 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.

[0006] According to an aspect of the invention, there
is provided an organic light emitting diode display accord-
ing to claim 1.

[0007] One inventive aspect relates to an OLED dis-
play that can prevent damage to elements when being
bent or folded.

[0008] Another aspectis an OLED display including a
flexible part that is bent or folded according to an exem-
plary embodiment. The OLED display includes: a sub-
strate; 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 insulating layer and overlapping
the semiconductor; and a source electrode and a drain
electrode positioned on the interlayer insulating layer and
connected to the semiconductor.

[0009] The interlayer insulating layer is made of an or-
ganic insulating material.

[0010] The gateinsulating layer can include the organ-
ic insulating material or the inorganic insulating material.
[0011] The interlayer insulating layer includes 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 are con-
nected to the semiconductor through the contact hole.
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[0012] The interlayer insulating layer can have a ta-
pered cross-sectional shape within the contact hole. A
taper angle of the interlayer insulating layer within the
contact hole can be greater than 30 degrees and less
than 80 degrees.

[0013] The source electrode and the drain electrode
do not directly contact the gate insulating layer.

[0014] The thin film transistor including the semicon-
ductor, 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.
[0015] The OLED display can include a display area
including a plurality of pixels and a non-display area in-
cluding 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. 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.

[0016] The gate electrode can be positioned between
the first gate insulating layer and the second gate insu-
lating layer.

[0017] The OLED display can further include: a first
capacitor electrode positioned between the first gate in-
sulating 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.

[0018] 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. The size of
the second opening can be larger than the size of the
first opening.

[0019] The interlayer insulating layer can include a
contact 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 connect-
ed to the semiconductor through the contact hole.
[0020] Theinterlayerinsulatinglayer can have a cross-
sectional shape of a stepped level difference within the
contact hole.

[0021] The opening can expose at least part of the up-
per surface of the semiconductor and the entire side sur-
face of the semiconductor.

[0022] The gate insulating layer can have substantially
the same pattern as the gate electrode.

[0023] The gateinsulatinglayercaninclude: afirstgate
insulating layer positioned on the semiconductor; and a
second gate insulating layer positioned on the first gate
insulating layer.

[0024] The gate electrode can be positioned between
the first gate insulating layer and the interlayer insulating
layer.

[0025] The OLED display can further include: a first

capacitor electrode positioned between the first gate in-
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sulating 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.

[0026] Thefirstgate insulating layer can have substan-
tially the same pattern as the gate electrode and the sec-
ond capacitor electrode.

[0027] The second gate insulating layer can have sub-
stantially the same pattern as the second capacitor elec-
trode.

[0028] The interlayer insulating layer can include a
contact 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 connect-
ed to the semiconductor through the contact hole.
[0029] Theinterlayerinsulatinglayer can have a cross-
sectional shape of a stepped level difference within the
contact hole.

[0030] Another aspect is an organic light-emitting di-
ode (OLED) display, comprising: a substrate having a
flexible portion configured to bend or fold; a semiconduc-
tor positioned over the substrate; a gate insulating layer
positioned over the semiconductor and having an open-
ing; an interlayer insulating layer positioned over the gate
insulating layer, wherein a portion of the interlayer insu-
lating layer is positioned within the opening; a gate elec-
trode positioned between the gate insulating layer and
the interlayer insulating layer and overlapping the semi-
conductor 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.

[0031] Inthe above OLED display, the interlayer insu-
lating layer comprises an organic insulating material.
[0032] In the above OLED display, the gate insulating
layer comprises the organic insulating material or an in-
organic insulating material.

[0033] Inthe above OLED display, the interlayer insu-
lating layer has a contact hole positioned within the open-
ing, wherein the source and drain electrodes are con-
nected to the semiconductor through the contact hole.
[0034] In the above OLED display, the contact hole
has a tapered shape.

[0035] Inthe above OLED display, the interlayer insu-
lating 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.

[0036] In the above OLED display, the source and
drain electrodes do notdirectly contact the gate insulating
layer.

[0037] Inthe 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.

[0038] The above OLED display further comprises a
display area including a plurality of pixels and a non-dis-
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play 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 compris-
ing the semiconductor, the gate insulating layer, the in-
terlayer insulating layer, the gate electrode, the source
electrode, and the drain electrode.

[0039] 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
positioned over the first gate insulating layer.

[0040] In the above OLED display, the gate electrode
is positioned between the firstand second gate insulating
layers.

[0041] 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 lay-
er and overlapping the first capacitor electrode in the
depth dimension of the OLED display.

[0042] In the above OLED display, the opening in-
cludes: a first opening formed in the first gate insulating
layer; and a second opening formed in the second gate
insulating layer.

[0043] Inthe above OLED display, the second opening
is larger than the first opening.

[0044] In the above OLED display, the interlayer insu-
lating layer includes a contact hole positioned within the
opening, wherein the source and drain electrodes are
connected to the semiconductor through the contact
hole.

[0045] In the above OLED display, the interlayer insu-
lating layer has a step shape within the contact hole.
[0046] Inthe above OLED display, the opening expos-
es at least part of an upper surface of the semiconductor
and an entire side surface of the semiconductor.

[0047] In the above OLED display, the gate insulating
layer has substantially the same shape as the gate elec-
trode.

[0048] 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
positioned over the first gate insulating layer.

[0049] In the above OLED display, the gate electrode
is positioned between the first gate insulating layer and
the interlayer insulating layer.

[0050] 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 lay-
er and overlapping the first capacitor electrode in the
depth dimension of the OLED display.

[0051] In the above OLED display, the first gate insu-
lating layer has substantially the same shape as the gate
electrode and the second capacitor electrode.

[0052] In the above OLED display, the second gate
insulating layer has substantially the same shape as the
second capacitor electrode.

[0053] In the above OLED display, the interlayer insu-
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lating layer has a contact hole positioned within the open-
ing, wherein the source and drain electrodes are con-
nected to the semiconductor through the contact hole.
[0054] In the above OLED display, the interlayer insu-
lating layer has a step shape within the contact hole.
[0055] Another aspect is an organic light-emitting di-
ode (OLED) display, comprising; a flexible substrate; a
semiconductor formed over the substrate and having a
plurality of doped regions at opposing ends of the sem-
iconductor; a gate insulating layer formed over the sem-
iconductor; 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 in-
sulating layer, and wherein the source and drain elec-
trodes respectively contact the doped regions via a plu-
rality of contact holes formed in the interlayer insulating
layer.

[0056] Inthe above OLED display, each of the contact
holes has a width that increases as a function of distance
from the semiconductor.

[0057] In the above OLED display, each of the open-
ings has a width that increases as a function of distance
from the semiconductor.

[0058] According to at least one of the disclosed em-
bodiments, 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.

[0059] Embodiments of the invention will now be de-
scribed by way of example with reference to the accom-
panying drawings, in which:

FIG. 1 and FIG. 2 are schematic views showing an
OLED display according to an exemplary embodi-
ment.

FIG. 3 is a cross-sectional view showing an OLED
display according to an exemplary embodiment.
FIG. 4 is a cross-sectional view showing an OLED
display according to an exemplary embodiment.
FIG. 5 is a cross-sectional view showing an OLED
display according to an exemplary embodiment.
FIG. 6 is a cross-sectional view showing an OLED
display according to an example, not forming part of
the present invention.

FIG. 7 is a cross-sectional view showing an OLED
display according to an example, not forming part of
the present invention.

FIG. 8 is a cross-sectional view showing an OLED
display according to an example, not forming part of
the present invention.

FIG. 9 is an equivalent circuit diagram of one pixel
of an OLED display according to an exemplary em-
bodiment.

FIG. 10 is a layout view of one pixel of an OLED
display according to an exemplary embodiment.
FIG. 11 is a cross-sectional view taken along a line

10

15

20

25

30

35

40

50

55

XI-XI of FIG. 10.

FIG. 12 is an equivalent circuit diagram of one pixel
of an OLED display according to an exemplary em-
bodiment.

FIG. 13 is a schematic layout view of a plurality of
transistors and a capacitor of an OLED display ac-
cording to an exemplary embodiment.

FIG. 14 is a detailed layout view of FIG. 13.

FIG. 15is 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.

[0060] In the drawings, the thickness of layers, films,
panels, regions, etc., are exaggerated for clarity. Like
reference numerals designate like elements throughout
the specification. It will be understood that when an ele-
ment 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 element, there are no inter-
vening elements present.

[0061] FIG. 1 and FIG. 2 are schematic views showing
an OLED display according to an exemplary embodi-
ment.

[0062] 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.
[0063] Thedisplayarea DAincludes a plurality of pixels
(not shown), and each pixel displays a predetermined
luminance and a colour, 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 ad-
hered to the substrate formed with the pixel after being
formed on a separate circuit board.

[0064] Since the non-display area NA is a region that
does not display an 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 technology is not limited thereto, and the po-
sition of the non-display area NA can be variously ar-
ranged.

[0065] 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. Accord-
ingly, a predetermined 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.

[0066] Next, as shown in FIG. 2, the OLED display 10
can be bent with respect to a transverse line positioned
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on the centre 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 ele-
ments of the part positioned on the reference line RL.
[0067] Next, a part of the OLED display 10 according
to an exemplary embodiment will be described with ref-
erence to FIG. 3.

[0068] 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 ac-
cording to an exemplary embodiment, and the thin film
transistor shown in FIG. 3 can be a driving thin film tran-
sistor, 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.
[0069] As shown in FIG. 3, the OLED display includes
a substrate 110, a semiconductor 130, also referred to
as a semiconductor layer or semiconductor material, po-
sitioned on the substrate 110, a gate insulating layer 140
positioned on the semiconductor 130, a gate electrode
150 positioned on the gate insulating layer 140, an inter-
layer insulating layer 160 positioned on the gate elec-
trode 150, and a source electrode 170a and a drain elec-
trode 170b positioned on the interlayer insulating layer
160.

[0070] The substrate 110 can be formed of a material
that is capable of being bent or folded, for example, plas-
tic, glass, and the like.

[0071] 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).

[0072] 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 over-
laps a part of the channel 131, and the contact doping
regions 132 and 133 include a source region 132 and a
drain region 133.

[0073] 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.

[0074] 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. The
gate electrode 150 is positioned between the gate insu-
lating layer 140 and the interlayer insulating layer 160.
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[0075] Theinterlayerinsulatinglayer 160 includes con-
tact 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.

[0076] 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 in-
sulating layer 140 of the part where the openings 145
and 146 are formed. The inner wall surface of the inter-
layer 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 di-
ameter di 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 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 quadrilat-
eral. 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 quad-
rilateral positioned within the circle.

[0077] The source electrode 170a and the drain elec-
trode 170b are connected to the semiconductor 130
through the contact holes 165 and 166. The source elec-
trode 170a is connected to the source region 132 of the
semiconductor 130, and the drain electrode 170b is con-
nected to the drain region 133 of the semiconductor 130.
In this case, the source electrode 170a and the drain
electrode 170b are contacted with the interlayer insulat-
ing layer 160 in the inner wall of the contact holes 165
and 166. The source electrode 170a and the drain elec-
trode 170b are notcontacted with the gate insulating layer
140.

[0078] The organic material has a high buffering force
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compared with the inorganic material, and the source
electrode 170a and the drain electrode 170b are not di-
rectly contacted with the gate insulating layer 140 formed
of the inorganic material and are contacted with the in-
terlayer insulating layer 160 formed of the organic mate-
rial, thereby relatively increasing the buffering force. As
described above, the OLED display can be bent orfolded,
and in this case, the surroundings of the contact holes
165 and 166 can be vulnerable to the stress. In the
present exemplary embodiment, 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 or-
ganic insulating material to increase the buffering force,
thereby preventing the damage due to the bending or the
folding.

[0079] 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.

[0080] When theinterlayerinsulating layer 160 has the
tapered cross-sectional shape within the contact holes
165 and 166, the taper angle 6 of the interlayer insulating
layer 160 can be made to be from about 30 degrees to
about 80 degrees. Also, the taper angle 6 of the interlayer
insulating layer 160 can be made to be from about 40
degrees to about 70 degrees. Also, the taper angle 6 of
the interlayer insulating 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 6 can be made to be
less than about 30 degrees or greater than about 90 de-
grees.

[0081] If the taper angle 6 of the interlayer insulating
layer 160 is excessively large, when other layers are de-
posited on the interlayer insulating layer 160, the depo-
sition 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 170b can be formed on the
interlayer insulating layer 160, and these wires can be
disconnected within the contact holes 165 and 166.
[0082] If the taper angle 6 of the interlayer insulating
layer 160 is small, a difference between the lower diam-
eter and the upper diameter of the contact holes 165 and
166 is increased. If the taper angle 6 of the interlayer
insulating layer 160 decreases while uniformly maintain-
ing 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 6 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 170b, and the semiconductor
130, is decreased. In this case, the connection defect
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between the source electrode 170a and the drain elec-
trode 170b, and the semiconductor 130, can be gener-
ated.

[0083] The interlayerinsulating layer 160 can be made
of a photosensitive type and a dry etch type. The inter-
layer insulating layer of the photosensitive type includes
an organic insulating material and a photo-reactive ma-
terial. The interlayerinsulating 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-reac-
tive material. The interlayer insulating layer of the dry
etch type can be patterned through the photo-process
and the etching process.

[0084] 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 6 greater than about 70 degrees
and less than about 80 degrees. To provide the prefer-
able taper angle of the interlayer insulating layer of the
above-described range, it is necessary to design the in-
terlayer insulating layer of the photosensitive type to fur-
ther increase the taper angle and the interlayer insulating
layer of the dry etch type to further decrease the taper
angle.

[0085] Inone 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.

[0086] The semiconductor 130, the gate insulating lay-
er 140, the gate electrode 150, the interlayer insulating
layer 160, the source electrode 170a, and the drain elec-
trode 170b form one thin film transistor (TFT).

[0087] The OLED display according to an exemplary
embodiment includes the flexible part that is bent or fold-
ed. 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 tran-
sistor 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 con-
tacted with the gate insulating layer.

[0088] However, the described technology is not limit-
ed 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.

[0089] Inthe OLED display according to an exemplary
embodiment, as described above, the display area in-
cludes the pixels and the non-display area includes the
driver. The above-described thin film transistor can be
formed in the 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.
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[0090] Next, the OLED display according to an exem-
plary embodimentwill be described with reference to FIG.
4.

[0091] 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 omit-
ted. In the present exemplary embodiment, the gate in-
sulating layer is made of two layers, different from the
above exemplary embodiment, and this will be described
below.

[0092] 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
according 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 emis-
sion layer, the common electrode, and the like are omit-
ted.

[0093] AsshowninFIG.4,the OLED display according
to an exemplary embodimentincludes the substrate 110,
the semiconductor 130 positioned on the substrate 110,
a first gate insulating layer 141 positioned on the semi-
conductor 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 in-
terlayer insulating layer 160 positioned on the second
gate insulating layer 142, and the source electrode 170a
and the drain electrode 170b positioned on the interlayer
insulating layer 160.

[0094] The first gate insulating layer 141 and the sec-
ond gate insulating layer 142 are formed of the inorganic
insulating 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.

[0095] The gate electrode 150 is positioned between
the first gate insulating layer 141 and the second gate
insulating layer 142.

[0096] The interlayer insulating layer 160 is formed of
the organic insulating material. The interlayer insulating
layer160is positioned onthe 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 contacted 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 insu-
lating layer 160 are contacted within the openings 145
and 146.
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[0097] 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.

[0098] 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
contactholes 165 and 166 are formed is positioned inside
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.

[0099] The source electrode 170a and the drain elec-
trode 170b are connected to the semiconductor 130
through the contact holes 165 and 166. The source elec-
trode 170a is connected to the source region 132 of the
semiconductor 130, and the drain electrode 170b is con-
nected to the drain region 133 of the semiconductor 130.
In this case, the source electrode 170a and the drain
electrode 170b are contacted with the interlayer insulat-
ing layer 160 on the inner wall of the contact holes 165
and 166. The source electrode 170a and the drain elec-
trode 170b are not contacted with the first gate insulating
layer 141 or the second gate insulating layer 142.
[0100] The organic material has a higher buffering
force compared with the inorganic material, and the
source electrode 170a and the drain electrode 170b 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 inter-
layer insulating layer 160 formed of the organic material,
thereby relatively increasing the buffering force. As de-
scribed 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 ex-
emplary 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 insu-
lating layer 160 formed of the organic insulating material
to increase the buffering force, thereby preventing dam-
age due to the bending or the folding.

[0101] The interlayerinsulating 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.

[0102] The OLED display according to an exemplary
embodiment can further includes a first capacitor elec-
trode 159a positioned between the first gate insulating
layer 141 and the second gate insulating layer 142 and
a second capacitor electrode 159b positioned on the sec-
ond gate insulating layer 142.

[0103] The first capacitor electrode 159a and the sec-
ond capacitor electrode 159b can overlap each other.
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The second gate insulating layer 142 is positioned be-
tween the first capacitor electrode 159a and the second
capacitor electrode 159b. That is, two electrodes 159a
and 159b 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.

[0104] Next, the OLED display according to an exem-
plary embodiment will be described with reference to FIG.
5.

[0105] 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 omit-
ted. In the present exemplary embodiment, the size of
the opening of the first gate insulating layer and the sec-
ond gate insulating layer is different from the previous
exemplary embodiment, and this will be described in de-
tail.

[0106] 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
according 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 emis-
sion layer, the common electrode, and the like are omit-
ted.

[0107] AsshowninFIG.5,the OLED display according
to an exemplary embodimentincludes the substrate 110,
the semiconductor 130 positioned on the substrate 110,
the first gate insulating layer 141 positioned on the sem-
iconductor 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 in-
terlayer insulating layer 160 positioned on the second
gate insulating layer 142, and the source electrode 170a
and the drain electrode 170b positioned on the interlayer
insulating layer 160.

[0108] Thefirstgateinsulating layer 141 has first open-
ings 145a 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.

[0109] The second gate insulating layer 142 has sec-
ond openings 145b and 146b exposing at least part of
the upper surface of the semiconductor 130. The second
openings 145b and 146b expose the contact doping re-
gions 132 and 133 of the semiconductor.

[0110] The size of the second openings 145b and 146b
is larger than the size of the first openings 145a and 146a.
Accordingly, a stepped level difference is formed be-
tween the first gate insulating layer 141 and the second
gate insulating layer 142.

[0111] The interlayer insulating layer 160 is formed of
the organic insulating material. The interlayer insulating
layer160is positioned onthe second gate insulating layer
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142 and is also positioned within the first openings 145a
and 146a of the first gate insulating layer 141 and within
the second openings 145b and 146b of the second gate
insulating layer 142. That is, the side surface of the first
gate insulating layer 141 and the interlayer insulating lay-
er 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 con-
tacted within the second openings 145b and 146b. 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 146a. Thatis, the interlayer insulating
layer 160 is directly contacted with the upper surface of
the first gate insulating layer 141 within the second open-
ings 145b and 146b. Also, the side surface of the second
gate insulating layer 142 is contacted with the interlayer
insulating layer 160 within the second openings 145b and
146b.

[0112] The interlayer insulating layer 160 has the con-
tact 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.

[0113] The contact holes 165 and 166 are positioned
within the first openings 145a and 146a and the second
openings 145b and 146b. The interlayer insulating layer
160 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 145a and 146a, the inner wall sur-
face of the interlayer insulating layer 160 is positioned
inside than the inner wall surface of the first gate insulat-
ing 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 en-
closed by the second openings 145b and 146b, 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
145b and 146b, the size of the second openings 145b
and 146b is larger than the size of the contact holes 165
and 166.

[0114] In the case of the present exemplary embodi-
ment, 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 formthe taperangle of the interlayerinsulating
layer 160. In the present exemplary embodiment, the in-
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terlayer insulating layer 160 has the cross-sectional
shape of the stepped level difference within the contact
holes 165 and 166, the interlayer 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 pat-
terning the interlayer insulating layer 160.

[0115] The source electrode 170a and the drain elec-
trode 170b are connected to the semiconductor 130
through the contact holes 165 and 166. The source elec-
trode 170a and the drain electrode 170b 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.

[0116] Next, the OLED display according to an exam-
ple, not forming part of the present invention, will be de-
scribed with reference to FIG. 6.

[0117] The OLED display according to an example
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 thereofis omitted. In the present
example, the gate insulating layer has substantially the
same pattern as the gate electrode, differently from the
previous exemplary embodiment.

[0118] FIG. 6 is a cross-sectional view showing an
OLED display according to an example. FIG. 6 shows
one thin film transistor of the OLED display , 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 emis-
sion layer, the common electrode, and the like are omit-
ted.

[0119] As shown in FIG. 6, the OLED display 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 posi-
tioned on the gate insulating layer 140, the interlayer in-
sulating layer 160 positioned on the gate electrode 150,
and the source electrode 170a and the drain electrode
170b positioned on the interlayer insulating layer 160.
[0120] 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 semiconductor 130, does notexpose
the side surface SS of the semiconductor 130, and the
gate insulating layer 140 covers the side surface SS of
the semiconductor 130. In this example, however, the
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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 sem-
iconductor 130. Also, the openings 145 and 146 is formed
even to expose the upper surface of the buffer layer 120.
Accordingly, the buffer layer 120 is not contacted with
the gate insulating layer 140, and is contacted with the
interlayer insulating layer 160.

[0121] 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 us-
ing the gate electrode 150 as a mask. Accordingly, the
gate insulating layer 140 has substantially the same pat-
tern as the gate electrode 150.

[0122] 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 inter-
layer insulating layer 160 is also formed directly on the
buffer layer 120.

[0123] The interlayer insulating layer 160 has the con-
tact 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.

[0124] The source electrode 170a and the drain elec-
trode 170b are connected to the semiconductor 130
through the contact holes 165 and 166, and the source
electrode 170a and the drain electrode 170b are contact-
ed with the interlayer insulating layer 160 on the inner
wall of the contact holes 165 and 166. Accordingly, as
the inside of the openings 145 and 146 of the gate insu-
lating layer 140 is filled with the interlayer insulating layer
160 formed of the organic insulating material, the buffer-
ing force increases such that the damage due to the
bending or the folding can be prevented.

[0125] Next, the OLED display according to an exam-
ple not forming part of the present invention will be de-
scribed with reference to FIG. 7.

[0126] The OLED display shown in FIG. 7 is almost
the same as the OLED display shown in FIG. 6 such that
the description thereofis omitted. In the presentexample,
the gate insulating layer is made of two layers, differently
from the previous example, and it will be described in
detail.

[0127] FIG. 7 is a cross-sectional view showing an
OLED display. FIG. 7 shows one thin film transistor of
the OLED display, 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.

[0128] Asshownin FIG. 7, the OLED display includes
the substrate 110, the semiconductor 130 positioned on
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the substrate 110, the first gate insulating layer 141 po-
sitioned 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 electrode 170a and the
drain electrode 170b positioned on the interlayer insulat-
ing layer 160.

[0129] Also, the OLED display 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 159b positioned on the sec-
ond gate insulating layer 142.

[0130] The first gate insulating layer 141 has the first
openings 145a and 146a exposing at least part of the
upper surface of the semiconductor 130. The first open-
ings 145a and 146a expose the contact doping regions
132 and 133 of the semiconductor.

[0131] The gate electrode 150 and the first capacitor
electrode 159a are positioned on the first gate insulating
layer 141. The second gate insulating layer 142 is posi-
tioned between the first capacitor electrode 159a and the
second capacitor electrode 159b, and is not formed on
the gate electrode 150. The gate electrode 150 is posi-
tioned between the first gate insulating layer 141 and the
interlayer insulating layer 160.

[0132] The second gate insulating layer 142 has the
second opening 146b exposing at least part of the upper
surface of the semiconductor 130. The second opening
146b has a similar pattern to the first openings 145a and
146a. However, the second opening 146b exposes the
upper surface of the gate electrode 150, differently from
the first openings 145a and 146a. Also, the first openings
145a and 146a and the second opening 146b expose
the part of the buffer layer 120.

[0133] 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
159b as a mask, the first openings 145a and 146a and
the second opening 146b 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 159b. The first capacitor electrode
159a and the second capacitor electrode 159b have sub-
stantially the same pattern such that the first gate insu-
lating 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 substan-
tially the same pattern as the second capacitor electrode
159b.

[0134] Theinterlayerinsulating layer 160 is positioned
on the gate electrode 150 and the second capacitor elec-
trode 159b, and is also positioned within the firstopenings
145a and 146a of the first gate insulating layer 141 and
the second opening 146b 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 146a, and is not con-
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tacted 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 146b 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.

[0135] The interlayer insulating layer 160 has the con-
tact 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
146a, and the size of the first openings 145a and 146a
is larger than the size of the contact holes 165 and 166.
[0136] The source electrode 170a and the drain elec-
trode 170b are connected to the semiconductor 130
through the contact holes 165 and 166, and the source
electrode 170a and the drain electrode 170b are contact-
ed with the interlayer insulating layer 160 on the inner
wall of the contact holes 165 and 166. Accordingly, since
the interlayer insulating layer 160 formed of the organic
insulating material fills the first openings 145a and 146a
of the first gate insulating layer 141 and the second open-
ing 146b of the second gate insulating layer 142, the buff-
ering force increases, thereby preventing the damage
due to the bending or the folding.

[0137] Next, the OLED display according to an exam-
ple not forming part of the present invention will be de-
scribed with reference to FIG. 8.

[0138] The OLED display shown in FIG. 8 is almost
the same as the OLED display shown in FIG. 7 such that
the description thereofis omitted. In the presentexample,
the interlayer insulating layer has the stepped level dif-
ference, differently from the previous example, and it will
be described in detail.

[0139] FIG. 8 is a cross-sectional view showing an
OLED display. FIG. 8 shows one thin film transistor of
the OLED display, 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.

[0140] Asshownin FIG. 8, the OLED display includes
the substrate 110, the semiconductor 130 positioned on
the substrate 110, the first gate insulating layer 141 po-
sitioned 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 electrode 170a and the
drain electrode 170b positioned on the interlayer insulat-
ing layer 160.

[0141] As the gate insulating layer is made of two lay-
ers, the interlayer insulating layer 160 is thick. To stably
form the contact holes 165 and 166 in the interlayer in-
sulating layer 160, the interlayer insulating layer 160 can
have the cross-sectional shape of the stepped level dif-
ference within the 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



19 EP 3 154 090 B1 20

interlayer insulating layer 160.

[0142] Next, an exemplary embodiment of the OLED
display including the thin film transistor of the above-de-
scribed various structures will be described.

[0143] First, the OLED display according to an exem-
plary 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 in-
cluded. For example, not according to the present inven-
tion, the structure of the thin film transistor of FIG. 6 can
be replaced.

[0144] FIG. 9 is an equivalent circuit diagram of one
pixel of an OLED display according to an exemplary em-
bodiment.

[0145] 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.

[0146] The transistors T1 and T2 include a switching
transistor T1 and a driving transistor T2.

[0147] 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 driv-
ing voltage lines 172 transmitting a driving voltage
ELVDD and almost parallel to the data lines 171.
[0148] The switching transistor T1 has a control termi-
nal, 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 driv-
ing 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.

[0149] The driving thin film transistor T2 also includes
a control terminal, an input terminal, and an output ter-
minal. The control terminal of the driving transistor T2 is
connected to the switching transistor T1, the input termi-
nal is connected 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 mag-
nitude varies according to a voltage applied between the
control terminal and the output terminal.

[0150] The storage capacitor Cst is connected be-
tween the control terminal and the input terminal of the
driving transistor 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.

[0151] 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 emit-
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ting light with different intensities according to the output
current |d of the driving transistor T2.

[0152] The switching transistor T1 and the driving tran-
sistor T2 can be n-channel field effect transistors (FETSs)
or p-channel FETs. In addition, a connection relationship
between the thin film transistors T1 and T2, the storage
capacitor Cst, and the OLED can be changed.

[0153] 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 FIG. 9.
[0154] FIG. 10is alayout 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.

[0155] As shownin 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.

[0156] A semiconductor 130 is formed on the buffer
layer 120. The semiconductor 130 includes a switching
semiconductor 135a and a driving semiconductor 135b
that are separated from each other. The semiconductors
135a and 135b can be formed of a polycrystalline sem-
iconductor 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 (InGaZnQ,), indium-zinc oxide (Zn-In-0), zinc
tin oxide (Zn-Sn-0), indium-gallium oxide (In-Ga-O), in-
dium-tin oxide (In-Sn-0), indium-zirconium oxide (In-Zr-
0), indium-zirconium-zinc oxide (In-Zr-Zn-0), indium-zir-
conium-tin oxide (In-Zr-Sn-0), indium-zirconium-gallium
oxide (In-Zr-Ga-0), indium aluminum oxide (In-Al-O), in-
dium-zinc-aluminum oxide (In-Zn-Al-O), indium-tin-alu-
minum oxide (In-Sn-Al-O), indium-aluminum-gallium ox-
ide (In-Al-Ga-0), indium-tantalum oxide (In-Ta- O), indi-
um-tantalum-zinc oxide (In-Ta-Zn-0O), indium-tantalum-
tin oxide (In-Ta-Sn-0), indium-tantalum-gallium oxide
(In-Ta-Ga-0), indium-germanium oxide (In-Ge-O), indi-
um-germanium-zinc oxide (In-Ge-Zn-0), indium-germa-
nium-tin oxide (In-Ge-Sn-0O), indium-germanium-gallium
oxide (In-Ge-Ga-0), titanium-indium-zinc oxide (Ti-In-
Zn-0), or hafnium-indium-zinc oxide (Hf-In-Zn-O) which
are compound oxides thereof. In the case when the sem-
iconductor 130 is formed of the oxide semiconductor, in
order to protect the oxide semiconductor that is vulner-
able to an external environment such as a high temper-
ature, a separate passivation layer can be added.
[0157] The switching semiconductor 135a and the driv-
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ing semiconductor 135b 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 135a
and the driving semiconductor 135b 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 ofthe switching semiconductor 135a and the driving
semiconductor 135b are contact doping regions 1356
and 1457 that are contact-doped with a higher doping
concentration of the doping impurity than with the chan-
nel doping.

[0158] A gate insulating layer 140 is formed on the
switching semiconductor 135a and the driving semicon-
ductor 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
ofthe upper surface of the semiconductor 130. The open-
ings 1141 and 1142 expose the contact doping regions
1356 and 1357 of the semiconductor 130.

[0159] A scan line 121, a driving gate electrode 125b,
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 125a protruded
from the scan line 121 to the switching semiconductor
135a. The driving gate electrode 125b is protruded from
the first storage capacitor plate 128 to the driving semi-
conductor 135b. The switching gate electrode 125a and
the driving gate electrode 125b respectively overlap the
channel 1355.

[0160] An interlayer insulating layer 160 is formed on
the scan line 121, the driving gate electrode 125b, and
the first storage capacitor plate 128. The interlayer insu-
lating layer 160 is formed of the organic insulating mate-
rial. The interlayer 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 125b, and the first
storage capacitor plate 128 are positioned between the
gate insulating layer 140 and the interlayer insulating lay-
er 160.

[0161] 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 contactholes 1161 and 1162.
Also, the interlayer insulating layer 160 includes the stor-
age contact hole 63 exposing the part of the first storage
capacitor plate 128.

[0162] A data line 171 having a switching source elec-
trode 176a, a driving voltage line 172 including a driving
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source electrode 176b 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 177b are formed on the interlayer insulating
layer 160.

[0163] 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.

[0164] The switching source electrode 176ais protrud-
ed from the data line 171 toward the switching semicon-
ductor 135a, and the driving source electrode 176b is
protruded from the driving voltage line 172 to the driving
semiconductor 135b. The switching source electrode
176a and the driving source electrode 176b are respec-
tively connected to the source region 1356 through a
source contact hole 61. The switching source electrode
176a and the driving source electrode 176b are contact-
ed with the interlayer insulating layer 160 on the inner
wall of the contact hole 1161. The switching source elec-
trode 176a and the driving source electrode 176b are not
directly contacted with the gate insulating layer 140.
[0165] The switching drain electrode 177a faces the
switching source electrode 176a, the driving drain elec-
trode 177b faces the driving source electrode 176b, and
the switching drain electrode 177a and the driving drain
electrode 177b are respectively connected to the drain
region 1357 through a drain contact hole 62. The switch-
ing drain electrode 177a and the driving drain electrode
177b are contacted with the interlayer insulating layer
160 on the inner wall of the contact hole 1162. The switch-
ing drain electrode 177a and the driving drain electrode
177b are not contacted directly with the gate insulating
layer 140.

[0166] The switching source electrode 176a, the driv-
ing source electrode 176b, the switching drain electrode
177a, and the driving drain electrode 177b are not directly
contacted with the gate insulating layer 140 formed of
the inorganic material, but are contacted with the inter-
layer insulating layer 160 formed of the organic material,
thereby increasing the buffering force. In the present ex-
emplary embodiment, the inside of the openings 1141
and 1142 of the gate insulating layer 140 is filled with the
interlayer insulating layer 160 formed of the organic in-
sulating material to increase the buffering force, thereby
preventing the damage due to the bending or the folding.
[0167] The switchingdrain electrode 177aextendsand
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 in-
sulating layer 160.

[0168] The second storage capacitor plate 178 is pro-
truded 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 ca-
pacitor plate 178 form the storage capacitor Cst using
the interlayer insulating layer 160 as a dielectric material.
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[0169] The switching semiconductor 135a, the switch-
ing gate electrode 125a, the switching source electrode
176a, and the switching drain electrode 177a form the
switching transistor T1, and the driving semiconductor
135b, the driving gate electrode 125a, the driving source
electrode 176b, and the driving drain electrode 177b form
the driving transistor T2.

[0170] The passivation layer 180 is formed on the
switching source electrode 176a, the driving source elec-
trode 176b, the switching drain electrode 177a, and the
driving drain electrode 177b.

[0171] A pixel electrode 191 is formed on the passiva-
tion layer 180, and the pixel electrode 191 can be formed
of a transparent conductive material such as indium tin
oxide (ITO), indium zinc oxide (I1Z0), 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 177b of the driving transistor T2 through
a contact hole 81 formed in the interlayer insulating layer
160 to become an anode of an OLED.

[0172] 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 lay-
er 180 can include aresin such as a polyacrylate or poly-
imide, a silica-based inorganic material, and the like.
[0173] 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 in-
cluding one or more of an emission layer, a hole-injection
layer (HIL), a hole-transporting layer (HTL), an electron-
transporting layer (ETL), and an electron-injection layer
(EIL. In the case where the organic emission layer 370
includes all the layers, the hole-injection layer is posi-
tioned on the pixel electrode 191 which is an anode, and
the hole-transporting layer, the emission layer, the elec-
tron-transporting layer, and the electron-injection layer
can be sequentially laminated thereon.

[0174] The organic emission layer 370 can include a
red organic emission layer emitting red light, a green or-
ganic emission layer emitting green light, and a blue or-
ganic 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 im-
plementing a colour image.

[0175] Further, the organic emission layer 370 can im-
plement the colour 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
colour filter, a green colour filter, and a blue colour filter
for each pixel. As another example, white organic emis-
sion layers emitting white light are formed in all of the red
pixel, the green pixel, and the blue pixel, and a red colour
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filter, a green colour filter, and a blue colour filter are
formed for each pixel, thereby implementing the colour
image. In the case of implementing the colour image by
using the white organic emission layer and the colour
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.

[0176] 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 in-
clude a configuration which can emit white light by com-
bining at least one yellow organic emission layer and at
least one blue organic emission layer, a configuration
which can emit white light by combining atleast one cyan
organic emission layer and at least one red organic emis-
sion 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.

[0177] 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 transpar-
ent conductive material such as indium tin oxide (ITO),
indium zinc oxide (1Z0), zinc oxide (ZnO), orindium oxide
(In203), or a reflective metal such as lithium (Li), calcium
(Ca), lithium fluoride/calcium (LiF/Ca), lithium fluo-
ride/aluminum (LiF/Al), aluminum (Al), silver (Ag), mag-
nesium (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 configure the OLED.

[0178] Next, the OLED display according to an exem-
plary 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 structures of the thin film transistor can be pro-
vided. For example, the structure of the thin film transistor
of FIG. 5, FIG. 7, and FIG. 8 can be replaced.

[0179] FIG. 12is an equivalent circuit diagram of one
pixel of an OLED display according to an exemplary em-
bodiment.

[0180] AsshowninFIG.6,the OLED display according
to an exemplary embodimentincludes a plurality of signal
lines151,152,153,158,171, 172, and 192 and a plurality
of pixels PX connected to the signal lines and arranged
in the substantial matrix type.

[0181] 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.

[0182] The transistors T1, T2, T3, T4, T5, and T6 in-
clude a driving transistor T1, a switching transistor T2, a
compensation transistor T3, an initialization transistor
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T4, an operation control transistor, T5 and a light emis-
sion 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 transis-
tor 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,
adataline 171 crossing the scan line 151 and transmitting
a data signal Dm, a driving voltage line 172 transmitting
adriving 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.

[0183] A gate electrode G1 of the driving transistor T1
is connected to one end Cst1 of the storage capacitor
Cst, a source electrode S1 of the driving transistor T1 is
connected with the driving voltage line 172 via the oper-
ation 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 tran-
sistor T2 to supply a driving current Id to the OLED.
[0184] A gate electrode G2 of the switching transistor
T2is connected withthe 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 transistor T2 is turned on according to the
scan signal Sn received through the scan line 121 to per-
form a switching operation transferring the data signal
Dm transferred to the data line 171 to the source elec-
trode of the driving transistor T1.

[0185] A gate electrode G3 of the compensation tran-
sistor 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 tran-
sistor T1 and with an anode of the OLED via the light
emission control transistor T6, and a drain electrode D3
of the compensation transistor T3 is connected with one
end Cst1 of the storage capacitor Cst and the drain elec-
trode 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 con-
nect the gate electrode G1 and the drain electrode D1 of
the driving transistor T1 and diode-connect the driving
transistor T1.

[0186] A gate electrode G4 of the initialization transis-
tor 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 con-
nected with one end Cst1 of the storage capacitor Cst
and the gate electrode G1 of the driving transistor T1
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together through the drain electrode D3 of the compen-
sation transistor T3. The initialization transistor T4 is
turned on according to a previous scan signal S(n-1) re-
ceived 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.

[0187] A gate electrode G5 of the operation control
transistor T5 is 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 T5 is connected with the source electrode S1
of the driving transistor T1 and the drain electrode S2 of
the switching transistor T2.

[0188] 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 ofthe compensation transistor T3, and the drain elec-
trode 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 con-
trol transistor T6 are substantially simultaneously turned
on according to the light emission control signal EM trans-
mitted to the light emission control line 153 such that the
driving voltage ELVDD is compensated through the di-
ode-connected driving transistor T1 and is transmitted to
the OLED.

[0189] The other end Cst2 of the storage capacitor Cst
is connected with the driving voltage line 172, and a cath-
ode of the OLED is connected with a common voltage
line 741 transferring a common voltage ELVSS.

[0190] 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.

[0191] FIG. 13 is a schematic layout view of a plurality
of transistors and a capacitor of an OLED display accord-
ing 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.

[0192] Hereinafter, a detailed planar structure of the
OLED display device according to the exemplary embod-
iment will be first described in detail with reference to
FIG.13and FIG. 14, and a detailed cross-sectional struc-
ture will be described in detail with reference to FIG. 15
and FIG. 16.

[0193] 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
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and a driving voltage line 172 crossing the scan line 151,
the previous scan line 152, and the light emission control
line 153 and respectively applying the data signal Dm
and the driving voltage ELVDD to the pixel PX are includ-
ed. The initialization voltage Vint is transmitted from the
initialization voltage line 192 through the initialization
transistor T4 to the compensation transistor T3. The in-
itialization voltage line 192 is formed while alternately
having a straight portion and an oblique portion.

[0194] Also, in each pixel PX, the driving transistor T1,
the switching transistor T2, the compensation transistor
T3, the initialization transistor T4, the operation control
transistor T5, the light emission control transistor T6, the
storage capacitor Cst, and the OLED are formed.
[0195] The OLED is made of the pixel electrode 191,
the organic emission layer 370, and the common elec-
trode 270. In this case, the initialization transistor T4 is
configured as a dual gate structure transistor in order to
block a leakage current.

[0196] Each channel of the driving transistor T1, the
switching transistor T2, the compensation transistor T3,
the initialization transistor T4, the operation control tran-
sistor T5, and the light emission control transistor T6 is
formed inside one semiconductor 130, and the semicon-
ductor 130 can be formed to be curved in various shapes.
The semiconductor 130 can be formed of a polycrystal-
line semiconductor material or an oxide semiconductor
material.

[0197] The semiconductor 130 includes a channel
which is doped with an N-type impurity or a P-type im-
purity, and a source doping part and a drain doping part
which are formed at respective sides of the channel and
doped with an opposite-type doping impurity to the dop-
ing impurity doped on the channel. In the exemplary em-
bodiment, 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. Fur-
ther, 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 elec-
trode can be electrically connected to each other.
[0198] The channel 131 includes a driving channel
131aformedinthedriving transistor T1, a switching chan-
nel 131b formed in the switching transistor T2, a com-
pensation channel 131c formed in the compensation
transistor T3, an initialization channel 131d formed in the
initialization transistor T4, an operation control channel
131e formed in the operation control transistor T5, and
a light emission control channel 131f formed in the light
emission control transistor T6.

[0199] The driving transistor T1 includes the driving
channel 131a, a driving gate electrode 155a, a driving
source electrode 136a, and a driving drain electrode
137a. The driving channel 131ais curved and can have
ameandering shape or a zigzag shape. As such, by form-
ing the curved driving channel 131a, the driving channel
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131a can be formed to be elongated in a narrow space.
Accordingly, a driving range of the driving gate-source
voltage Vgs between the driving gate electrode 155a 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 be-
tween the maximum driving gate-source voltage of the
driving transistor corresponding to the maximum gray-
scale value and the minimum driving gate-source voltage
of the driving transistor corresponding to the minimum
grayscale value or the difference between the driving
gate-source voltages Vgs for each step for the grayscale
expression. Since the driving range of the gate voltage
is increased, a grayscale 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 qual-
ity can be improved. Various examples such as 'reverse
S’,’S’,’M’, and’W’ can be implemented by variously mod-
ifying the shape of the driving channel 131a.

[0200] The driving gate electrode 155a overlaps with
the driving channel 131a, and the driving source elec-
trode 136a and the driving drain electrode 137a are
formed at respective sides of the driving channel 131a
to be close. The driving gate electrode 155ais connected
to a first data connecting member 174 through a contact
hole 61.

[0201] The switching transistor T2 includes the switch-
ing channel 131b, a switching gate electrode 155b, a
switching source electrode 136b, and a switching drain
electrode 137b. The switching gate electrode 155b which
is some of the portion extending downward from the scan
line 151 overlaps the switching channel 131b and the
switching source electrode 136b and the switching drain
electrode 137b are formed to be adjacent to respective
sides of the switching channel 131b. The switching
source electrode 136b is connected to the data line 171
through a contact hole 62.

[0202] The compensation transistor T3 includes the
compensation channel 131c, a compensation gate elec-
trode 155¢, a compensation source electrode 136¢, and
acompensation drain electrode 137c. The compensation
gate electrode 155c as the part of the scan line 151 over-
laps the compensation channel 131c. The compensation
source electrode 136¢ and the compensation drain elec-
trode 137c are formed to be adjacent to respective sides
of the compensation channel 131c. The compensation
drain electrode 137c is connected to a first data connect-
ing member 174 through a contact hole 63.

[0203] The initialization transistor T4 includes the ini-
tialization channel 131d, an initialization gate electrode
155d, an initialization source electrode 136d, and an in-
itialization drain electrode 137d. The initialization gate
electrode 155d that is a part of the previous scan line 152
is formed as two to prevent the leakage current, and over-
laps the initialization channel 131d. The initialization
source electrode 136d and the initialization drain elec-
trode 137d are formed to be adjacent to respective sides
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ofthe initialization channel 131d. The initialization source
electrode 136d is connected to a second data connecting
member 175 through a contact hole 64.

[0204] The operation control transistor T5 includes the
operation control channel 131e, an operation control gate
electrode 155e, an operation control source electrode
136e, and an operation control drain electrode 137e. The
operation control gate electrode 155e that is a part of the
lightemission control line 153 overlaps the operation con-
trol channel 131e, and the operation control source elec-
trode 136e and the operation control drain electrode 137e
are formed to be adjacent to respective sides of the op-
eration control channel 131e. The operation control
source electrode 136e is connected to a part that extends
from the driving voltage line 172 through a contact hole
65.

[0205] Thelightemission control transistor T6 includes
the light emission control channel 131f, a light emission
control gate electrode 155f, a light emission control
source electrode 136f, and a light emission control drain
electrode 137f. The light emission control gate electrode
155f that is a part of the light emission control line 153
overlaps the light emission control channel 131f, and the
light emission control source electrode 136f and the light
emission control drain electrode 137f are formed to be
adjacent to respective sides of the light emission control
channel 131f. The light emission control drain electrode
137fis connected to a third data connecting member 179
through a contact hole 66.

[0206] One end of the driving channel 131a of the driv-
ing transistor T1 is connected to the switching drain elec-
trode 137b and the operation control drain electrode
137e, 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.
[0207] The storage capacitor Cst includes a first stor-
age electrode 155a and a second storage electrode 156
disposed via a second gate insulating layer 142 inter-
posed therebetween. The first storage electrode 155a
corresponds to the driving gate electrode 155a, and the
second storage electrode 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 155a.

[0208] Here, the second gate insulating layer 142 is a
dielectric material, and storage capacitance is deter-
mined 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 155a, 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.

[0209] The first storage electrode 155a which is the
driving 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
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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 137c
of the compensation transistor T3 and the initialization
drain electrode 137d of the initialization transistor T4
through the contact hole 63. Accordingly, the first driving
connecting member 174 connects the driving gate elec-
trode 155a and the compensation drain electrode 137¢c
of the compensation transistor T3 and the initialization
drain electrode 137d of the initialization transistor T4 to
each other.

[0210] Accordingly, the storage capacitor Cst stores
storage capacitance corresponding to a difference be-
tween the driving voltage ELVDD transmitted to the sec-
ond storage electrode 156 through the driving voltage
line 172 and the gate voltage Vg of the driving gate elec-
trode 155a.

[0211] 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.

[0212] Hereinafter, the cross-sectional structures of
the OLED display device according to an exemplary em-
bodiment will be described in detail according to a stack-
ing order.

[0213] A buffer layer 120 can be formed on an insulat-
ing substrate 110.

[0214] Onthe buffer layer 120, the semiconductor 130
including the channel 131 including the driving channel
131a, the switching channel 131b, the compensation
channel 131c, the initialization channel 131d, the oper-
ation control channel 131e, and the light emission control
channel 131f is formed. The driving source electrode
136a and the driving drain electrode 137a are formed on
respective sides of the driving channel 131a in the sem-
iconductor 130, and the switching source electrode 136b
and the switching drain electrode 137b are formed on
respective sides of the switching channel 131b. The com-
pensation source electrode 136¢ and the compensation
drain electrode 137c are formed at respective sides of
the compensation channel 131c, and the initialization
source electrode 136d and the initialization drain elec-
trode 137d are formed at respective sides of the initiali-
zation channel 131d. The operation control source elec-
trode 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
136f and the emission control drain electrode 137f are
formed at respective sides of the emission control chan-
nel 131f.

[0215] A first gate insulating layer 141 covering the
semiconductor 130 is formed thereon. On the first gate
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insulating layer 141, afirstgate wire (151, 152,153, 155a,
155b, 155¢, 155d, 155¢, and 155f) including a switching
gate electrode 155b, a scan line 151 including a com-
pensation gate electrode 155c, a previous scan line 152
including an initialization gate electrode 155d, a light
emission control line 153 including an operation control
gate electrode 155e and a light emission control gate
electrode 155f, and a driving gate electrode (a first stor-
age electrode) 155a is formed.

[0216] A second gate insulating layer 142 covering the
first gate wire (151, 152, 153, 155a, 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 insulating 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.
[0217] 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.

[0218] 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.
[0219] 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 openings 41, 42, 43, 44, 45, and 46, the side
surface of the first gate insulating layer 141 and the sec-
ond gate insulating layer 142, and the interlayer insulat-
ing layer 160 are contacted.

[0220] 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.
[0221] A data wire (171, 172, 174, 175, and 179) in-
cluding the dataline 171, the driving voltage line 172, the
first data connecting member 174, the second data con-
necting member 175, and the third data connecting mem-
ber 179 is formed on the interlayer insulating layer 160.
[0222] The dataline 171 is connected to the switching
source electrode 136b 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.

[0223] One end of the first data connecting member
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174 is connected to the first storage electrode 155a
through the contact hole 61, and the other end of the first
data connecting member 174 is connected to the com-
pensation drain electrode 137c and the initialization drain
electrode 137d 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.

[0224] The second data connecting member 175 par-
allel to the data line 171 is connected to the initialization
source electrode 136d 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.

[0225] The third data connecting member 179 is con-
nected to the light emission control drain electrode 137f
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.

[0226] The data line 171, the first data connecting
member 174, the second data connecting member 175,
and the third data connectingmember 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 increas-
ing the buffering force. In the present exemplary embod-
iment, 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 insu-
lating layer 160 formed of the organic insulating material
such that the buffering force increases, thereby prevent-
ing the damage due to the bending or the folding.
[0227] A passivation layer 180 covering the data wire
(171,172,174, 175, and 179), and the interlayer insulat-
ing layer 160 is formed thereon. The passivation layer
180 can be formed of an organic layer.

[0228] A pixel electrode 191 and an initialization volt-
age 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 con-
nection member 175 is connected with the initialization
voltage line 192 through a contact hole 82 formed on the
passivation layer 180.

[0229] 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 elec-
trode 191.
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[0230] 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
emissionlayer 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 is formed, which
includes the pixel electrode 191, the organic emission
layer 370, and the common electrode 270.

[0231] An encapsulation member (not shown) protect-
ing 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 depos-
iting the inorganic layer and the organic layer without the
usage of the sealant.

[0232] While the inventive technology has been de-
scribed in connection with what are presently considered
to be practical exemplary embodiments, it is to be under-
stood that the invention is not limited to the disclosed
embodiments, but, on the contrary, is intended to cover
various modifications and equivalent arrangements in-
cluded within the scope of the appended claims.

Claims

1. Anorganiclight-emitting diode (OLED) display, com-
prising:

a substrate (110) having a flexible portion con-
figured to bend or fold;

a semiconductor (130) on the substrate (110);
agate insulating layer (140) on the semiconduc-
tor (130) and having two openings (145, 146)
exposing at least parts of the semiconductor
(130), wherein the gate insulating layer (140)
overlaps a central portion and an edge portion
of the semiconductor (130);

an interlayer insulating layer (160) comprising
an organic insulating material on the gate insu-
lating layer (140), wherein a portion of the inter-
layer insulating layer is within the openings (145,
146);

a gate electrode (150) between the gate insu-
lating layer (140) and the interlayer insulating
layer (160) and overlapping the semiconductor
(130); and

a source electrode (170a) and a drain electrode
(170b) on the interlayer insulating layer (160)
and connected to the semiconductor (130),
wherein the source and drain electrodes (170a,
170b) do not directly contact the gate insulating
layer (140), and

theinterlayerinsulating layer (160) has a contact
hole (165, 166) positioned within each of the two
openings (145, 146) and the source and drain
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electrodes (170a, 170b) are connected to the
semiconductor (130) through the contact holes
(165, 166).

2. The OLED display of claim 1, wherein the gate insu-

lating layer (140) comprises the organic insulating
material or an inorganic insulating material.

3. The OLED display of claim 2, wherein the contact

holes (165, 166) have a tapered shape.

4. The OLED display of claim 3, wherein the interlayer

insulating layer (160) has a top surface and a side-
wall that form a taper angle with respect to each oth-
er, and wherein the taper angle is greater than about
30 degrees and less than about 80 degrees.

5. The OLED display of any one of the preceding

claims, wherein the semiconductor (130), the gate
insulating layer (140), the interlayer insulating layer
(160), the gate electrode (150), the source electrode
(170a) and the drain electrode (170b) form a thin film
transistor (TFT) positioned over the flexible portion.

6. The OLED display of any one of the preceding

claims, 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 (130), the gate insulating layer
(140), the interlayer insulating layer (160), the gate
electrode (150), the source electrode (170a), and
the drain electrode (170b).

7. The OLED display of any one of the preceding

claims, wherein the gate insulating layer (140) in-
cludes:

a first gate insulating layer (141) positioned over
the semiconductor; and

a second gate insulating layer (142) positioned
over the first gate insulating layer.

8. The OLED display of claim 7, wherein the gate elec-
trode (150) is positioned between the first and sec-
ond gate insulating layers (141, 142).

9. The OLED display of claim 7 or8, further comprising:

a first capacitor electrode (159a) positioned be-
tween the firstand second gate insulating layers;
and

a second capacitor electrode (159b) positioned
over the second gate insulating layer and over-
lapping the first capacitor electrode.

10. The OLED display of claim 7, 8 or 9, wherein the
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openings include :

first openings (145a, 146a) formed in the first
gate insulating layer; and

second openings (145b, 146b) formed in the
second gate insulating layer.

The OLED display of claim 10, wherein the second
openings (145b, 146b) are larger than the first open-
ings (145a, 146a).

The OLED display of any one of the preceding
claims, wherein the semiconductor (130) comprises
a channel region and doped regions on either side
of the channel region, wherein the gate electrode
(150) is arranged over the channel region and the
source and drain electrodes (170a, 170b) are ar-
ranged to contact respective ones of the doped re-
gions.

Patentanspriiche

1.

Anzeige mit organischen lichtemittierenden Dioden
(organic light emitting diodes - OLEDs), umfassend:

ein Substrat (110), das einen flexiblen Abschnitt
aufweist, der dazu ausgestaltet ist, gebogen
oder geklappt zu werden;

einen Halbleiter (130) auf dem Substrat (110);

eine Gate-Isolierschicht (140) auf dem Halblei-
ter (130), die zwei Offnungen (145, 146) auf-
weist, die mindestens Teile des Halbleiters
(130) freilegen,

wobei die Gate-Isolierschicht (140) einen zen-
tralen Abschnitt und einen Randabschnitt des
Halbleiters (130) Gberlappt;

eine isolierende Zwischenschicht (160), die ein
organisches Isoliermaterial auf der Gate-Isolier-
schicht (140) umfasst, wobei ein Abschnitt der
isolierenden Zwischenschichtsich innerhalb der
Offnungen (145, 146) befindet;

eine Gate-Elektrode (150) zwischen der Gate-
Isolierschicht (140) und der isolierenden Zwi-
schenschicht (160), und den Halbleiter (130)
Uberlappend; und

eine Source-Elektrode (170a) und eine Drain
Elektrode (170b) aufderisolierenden Zwischen-
schicht (160) und mit dem Halbleiter (130) ver-
bunden,

wobei die Source- und Drain-Elektroden (170a,
170b) nicht direkt mit der Gate-Isolierschicht
(140) in Kontakt stehen; und

die isolierende Zwischenschicht (160) ein Kon-
taktloch (165, 166) aufweist, das innerhalb jeder
der zwei Offnungen (145, 146) positioniert ist,
und die Source- und Drain-Elektroden (170a,
179b) mit dem Halbleiter (130) durch die Kon-
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taktlécher (165, 166) verbunden sind.

OLED-Anzeige nach Anspruch 1, wobei die Gate-
Isolierschicht (140) das organische Isoliermaterial
oder ein anorganisches Isoliermaterial umfasst.

OLED-Anzeige nach Anspruch 2, wobei die Kontakt-
I6cher (165, 166) eine verjiingte Form aufweisen.

OLED-Anzeige nach Anspruch 3, wobei die isolie-
rende Zwischenschicht (160) eine obere Oberflache
und eine Seitenwand aufweist, die einen Verjin-
gungswinkel in Bezug zueinander ausbilden, und
wobei der Verjingungswinkel groRer als etwa 30
Grad und kleiner als etwa 80 Grad ist.

OLED-Anzeige nach einem der vorangehenden An-
spriche, wobei der Halbleiter (130), die Gate-Iso-
lierschicht (140), die isolierende Zwischenschicht
(160), die Gate-Elektrode (150), die Source-Elektro-
de (170a) und die Drain-Elektrode (170b) einen
Dunnfilmtransistor (thin film transistor, TFT) ausbil-
den, der Gber dem flexiblen Abschnitt positioniert ist.

OLED-Anzeige nach einem der vorangehenden An-
spriche, ferner umfassend einen Anzeigebereich,
der eine Mehrzahl von Pixeln enthalt, und einen
Nicht-Anzeigebereich, der einen Treiber enthalt, der
dazu ausgestaltet ist, ein Signal zu erzeugen und zu
Ubertragen, um die Pixel anzusteuern, und wobei
jedes der Pixel oder der Treiber einen Dinnfilmtran-
sistor enthalten, der den Halbleiter (130), die Gate-
Isolierschicht (140), die isolierende Zwischenschicht
(160), die Gate-Elektrode (150), die Source-Elektro-
de (170a) und die Drain-Elektrode (170b) umfasst.

OLED-Anzeige nach einem der vorangehenden An-
spriiche, wobei die Gate-Isolierschicht (140) Folgen-
des enthalt:

eine erste Gate-Isolierschicht (141), die Uber
dem Halbleiter positioniert ist; und

eine zweite Gate-Isolierschicht (142), die Uber
der ersten Gate-Isolierschicht positioniert ist.

OLED-Anzeige nach Anspruch 7, wobei die Gate-
Elektrode (150) zwischen den ersten und zweiten
Gate-Isolierschichten (141, 142) positioniert ist.

OLED-Anzeige nach Anspruch 7 oder 8, ferner um-
fassend:

eine erste Kondensatorelektrode (159a), die
zwischen den ersten und den zweiten Gate-Iso-
lierschichten positioniert ist; und

eine zweite Kondensatorelektrode (159b), die
Uber der zweiten Gate-Isolierschicht positioniert
ist und die erste Kondensatorelektrode Uber-
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lappt.

OLED-Anzeige nach Anspruch 7, 8 oder 9, wobei
die Offnungen Folgendes umfassen:

erste Offnungen (145a, 146b), die in der ersten
Gate-Isolierschicht ausgebildet sind; und
zweite Offnungen (145a, 146b), die in der zwei-
ten Gate-Isolierschicht ausgebildet sind.

OLED-Anzeige nach Anspruch 10, wobei die zwei-
ten Offnungen (145b, 146b) groRer sind als die ers-
ten Offnungen (145a, 146a).

OLED-Anzeige nach einem der vorangehenden An-
spruiche, wobei der Halbleiter (130) einen Kanalbe-
reich und dotierte Bereiche auf beiden Seiten des
Kanalbereiches umfasst, wobei die Gate-Elektrode
(150) Uber der Kanalregion angeordnet ist und die
Source- und Drain-Elektroden (170a, 170b) ange-
ordnet sind, um mit entsprechenden der dotierten
Bereiche in Kontakt zu stehen.

Revendications

1.

Affichage a diodes électroluminescentes organi-
ques (OLED), comprenant :

un substrat (110) présentant une portion flexible
configurée pour fléchir ou plier ;

un semi-conducteur (130) sur le substrat (110) ;
une couche d’isolation de grille (140) surle semi-
conducteur (130) et présentant deux ouvertures
(145, 146) exposant au moins des parties du
semi-conducteur (130), ou la couche d’isolation
de grille (140) chevauche une portion centrale
et une portion de bord du semi-conducteur
(130) ;

une couche d’isolation intercalaire (160) com-
prenant un matériau d’isolation organique sur la
couche d’isolation de grille (140), ot une portion
de la couche d'isolation intercalaire se situe
dans les ouvertures (145, 146) ;

une électrode de grille (150) entre la couche
d’isolation de grille (140) etla couche d’isolation
intercalaire (160) et chevauchant le semi-con-
ducteur (130) ; et

une électrode de source (170a) et une électrode
de drain (170b) sur la couche d'’isolation inter-
calaire (160) et connectées au semi-conducteur
(130),

dans lequel les électrodes de source et de drain
(170a, 170b) ne sont pas directement en contact
avec la couche d’isolation de grille (140), et

la couche d'isolation intercalaire (160) présente
un trou de contact (165, 166) positionné dans
chacune des deux ouvertures (145, 146) et les
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électrodes de source et de drain (170a, 170b)
sont connectées au semi-conducteur (130) par
I'intermédiaire des trous de contact (165, 166).

Affichage OLED selon la revendication 1, dans le-
quel la couche d’isolation de grille (140) comprend
le matériau d’isolation organique ou un matériau
d’isolation inorganique.

Affichage OLED selon la revendication 2, dans le-
quel les trous de contact (165, 166) présentent une
forme conique.

Affichage OLED selon la revendication 3, dans le-
quella couche d’isolation intercalaire (160) présente
une surface supérieure et une paroi latérale qui for-
ment un angle incliné 'une par rapport a l'autre, et
dans lequel I'angle incliné est supérieur a environ 30
degrés et inférieur a environ 80 degrés.

Affichage OLED selon 'une quelconque des reven-
dications précédentes, dans lequel le semi-conduc-
teur (130), la couche d’isolation de grille (140), la
couche d’isolation intercalaire (160), I'électrode de
grille (150), I'’électrode de source (170a) et I'électro-
de de drain (170b) forment un transistor a couches
minces (TFT) positionné au-dessus de la portion
flexible.

Affichage OLED selon 'une quelconque des reven-
dications précédentes, comprenant en outre une zo-
ne d’affichage comportant une pluralité de pixels et
une zone sans affichage comportant un pilote con-
figuré pour générer et transmettre un signal pour at-
taquer les pixels, et dans lequel chacun des pixels
ou le pilote comporte un transistor a couches minces
comprenant le semi-conducteur (130), la couche
d’isolation de grille (140), la couche d’isolation inter-
calaire (160), I'électrode de grille (150), I'électrode
de source (170a), et I'électrode de drain (170b).

Affichage OLED selon 'une quelconque des reven-
dications précédentes, dans lequel la couche d’iso-
lation de grille (140) comporte :

une premiere couche d’isolation de grille (141)
positionnée au-dessus du semi-conducteur ; et
une deuxiéme couche d’isolation de grille (142)
positionnée au-dessus de la premiére couche
d’isolation de grille.

Affichage OLED selon la revendication 7, dans le-
quel I'électrode grille (150) est positionnée entre les
premiéere et deuxieme couches d’isolation de grille
(141, 142) .

Affichage OLED selon la revendication 7 ou 8, com-
prenant en outre :
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une premiere électrode de condensateur (159a)
positionnée entre les premiére et deuxiéme cou-
ches d’isolation de grille ; et

une deuxiéeme électrode de condensateur
(159b) positionnée au-dessus de la deuxiéme
couche d'’isolation de grille et chevauchant la
premiére électrode de condensateur.

Affichage OLED selon la revendication 7, 8 ou 9,
dans lequel les ouvertures comportent :

des premiéres ouvertures (145a, 146a) formées
dans la premiére couche d’isolation de grille ; et
des deuxiemes ouvertures (145b, 146b) for-
mées dans la deuxiéme couche d’isolation de
grille.

Affichage OLED selon la revendication 10, dans le-
quel les deuxiemes ouvertures (145b, 146b) sont
plus grandes que les premiéres ouvertures (145a,
146a).

Affichage OLED selon I'une quelconque des reven-
dications précédentes, dans lequel le semi-conduc-
teur (130) comprend une région de canal et des ré-
gions dopées de chaque cété de la région de canal,
dans lequel I'électrode de grille (150) est agencée
au-dessus de la région de canal et les électrodes de
source et de drain (170a, 170b) sont agencées pour
étre en contact avec des régions respectives des
régions dopées.
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