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(57) ABSTRACT

An organic light emitting diode display may include a front
display part including a plurality of front pixels formed on a
substrate and realizing an image at a front and a side display
part. A side pixel of the side display part may include: a
plurality of thin film transistors formed on the substrate; a
protective layer covering the plurality of thin film transistor
and having an inclination groove that is oblique; a first elec-
trode formed at the inclination groove of the protective layer;
a pixel defining layer having an opening exposing the first
electrode and formed on the protective layer; an organic emis-
sion layer formed on the first electrode and the pixel defining

HOIL 2728 (2006.01) layer; and a second electrode covering the organic emission
HO1L 51/52 (2006.01) layer.
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ORGANIC LIGHT EMITTING DIODE
DISPLAY

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from and the benefit
of Korean Patent Application No. 10-2013-0076610, filed on
Jul. 1, 2013, which is hereby incorporated by reference for all
purposes as if fully set forth herein.

BACKGROUND FIELD

[0002] Exemplary embodiments of the present disclosure
relate to an organic light emitting diode (OLED) display.

DESCRIPTION OF THE BACKGROUND

[0003] An organic light emitting diode display includes
two electrodes and an organic light emitting member dis-
posed therebetween. Electrons injected from one electrode
and holes is injected from the other electrode are combined in
the organic light emitting member to form excitons, and light
1s emitted as the excitons release energy.

[0004] For applying the OLED display to various types of
applications, a flexible OLED display is manufactured to be
flexible. In flexible OLED displays, a bendable OLED dis-
play is bent at an edge, thereby having a structure in which a
front display part is realized without dead space and simulta-
neously a side display part that can be visible at a side is
realized.

[0005] However, the bendable OLED display is manufac-
tured with reference to the front display part such that maxi-
mum luminance may be obtained at a viewing angle of 0
degrees, that is, at the front side, but the luminance is sharply
deteriorated at the bending display part.

[0006] The above information disclosed in this Back-
ground section is provided to enhance understanding of the
background of the present disclosure and therefore may con-
tain information that does not form prior art that is already
known to a person of ordinary skill in the art.

SUMMARY

[0007] Exemplary embodiments of the present disclosure
provide an organic light emitting diode (OLED) display with
improved luminance of a side display part.

[0008] Additional features of the present disclosure will be
set forth in the description which follows, and in part will be
apparent from the description, or may be learmed by practice
of the disclosed subject matter.

[0009] Exemplary embodiments of the present disclosure
disclose an organic light emitting diode (OLED) display
including a front display part and a side display part. The front
display part includes a plurality of front pixels configured to
provide an image at a first side of is the OLED display. The
side display part includes a plurality of side pixels configured
to provide the image at a second side of the OLED display.
Each side pixel includes: a plurality of thin film transistors; a
protective layer covering the plurality of thin film transistors
and having an oblique inclination groove; a first electrode
formed at the inclination groove; a pixel definition layer dis-
posed on the protective layer and having an opening exposing
the first electrode; an organic emission layer disposed on the
first electrode and the pixel definition layer; and a second
electrode disposed on the organic emission layer. A side
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OLED includes the first electrode, the organic emission layer,
and the second electrode, and is configured to be oblique.

[0010] Exemplary embodiments of the present disclosure
also disclose a pixel. The pixel includes at least one switching
element, a protective layer, and an organic light emitting
diode. The protective layer is disposed on the at least one
switching element. The protective layer has a top surface
inclined at an inclination angle relative to a bottom surface of
the protective layer. The OLED is disposed on the protective
layer and includes a bottom electrode. The bottom electrode
is inclined at the inclination angle and is connected to the at
least one switching element.

[0011] Exemplary embodiments of the present disclosure
also disclose an organic light emitting diode (OLED) display
including a front display part, a side display part, and a bend-
ing display part connecting the front display part and the side
display part. Each of the front display part, the side display
part, and the bending display part includes a plurality of
pixels. Each of the pixels includes at least one switching
element, a protective layer disposed on the at least one switch-
ing element, and an OLED disposed on the protective layer. In
pixels of the front display part, a top surface of the OLED is
parallel to a surface of the protective layer. In a pixel of the
side display part or the bending display part, a top surface of
the protective layer is inclined at an is inclination angle with
respect to a bottom surface of the protective layer, and a top
surface of the OLED is inclined with respect to the bottom
surface of the protective layer.

[0012] Exemplary embodiments of the present disclosure
also disclose an organic light emitting diode (OLED) display
including a front display part, a side display part, and a bend-
ing display part connecting the front display part and the side
display part. The front display part includes a plurality of first
pixels, and the side display part and the bending display part
includes a plurality of second pixels. Each of the plurality of
second pixels includes an OLED with an inclined surface. An
inclination angle of the inclined surface corresponds to a
location of the OLED.

[0013] Itisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the disclosed subject matter as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The accompanying drawings, which are included to
provide a further understanding of the disclosed subject mat-
ter and are incorporated in and constitute a part of this speci-
fication, illustrate exemplary embodiments of the disclosed
subject matter, and together with the description serve to
explain the principles of the disclosed subject matter.

[0015] FIG. 1 is a perspective view of an OLED display
according to exemplary embodiments of the present disclo-
sure.

[0016] FIG. 2 is a side view of an OLED display according
to exemplary embodiments of the present disclosure.

[0017] FIG. 3 is an equivalent circuit of one pixel of an
OLED display according to is exemplary embodiments of the
present disclosure.

[0018] FIG. 4 is a layout view of one pixel respectively
positioned at a front display part and a side display part of an
OLED display according to exemplary embodiments of the
present disclosure.
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[0019] FIG. 5isa cross-sectional view taken along the line
V-V of FIG. 4 according to exemplary embodiments of the
present disclosure.

[0020] FIG. 6 is a cross-sectional view taken along the line
VI-VIof FIG. 4 according to exemplary embodiments of the
present disclosure.

[0021] FIG. 7 is a cross-sectional view of a side pixel posi-
tioned at a side display part of an OLED display according to
exemplary embodiments of the present disclosure.

[0022] FIG. 8isa cross-sectional view of a side red pixel, a
side green pixel, and a side blue pixel of a side pixel posi-
tioned at a side display part of an OLED display according to
exemplary embodiments of the present disclosure.

[0023] FIG.9is aside view of an OLED display according
to exemplary embodiments of the present disclosure.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0024] The disclosed subject matter is described more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiments of the disclosed subject mat-
ter are shown. This disclosed subject matter may, however, be
embodied in many different forms and should not be con-
strued as limited to the exemplary embodiments set forth
herein. Rather, these exemplary embodiments are provided so
that this disclosure is thorough, and will fully convey the
scopeofthe disclosed subject matter to those skilled in the art.
In the drawings, the is size and relative sizes of layers and
regions may be exaggerated for clarity Like reference numer-
als in the drawings denote like elements.

[0025] It will be understood that when an element or layer
1s referred to as being “on” or “connected to” another element
or layer, it can be directly on or directly connected to the other
element or layer, or intervening elements or layers may be
present. In contrast, when an element is referred to as being
“directly on” or “directly connected t0” another element or
layer, there are no intervening elements or layers present. It
may also be understood that for the purposes of this disclo-
sure, “‘at least one of X, Y, and Z” can be construed as X only,
Y only, Z only, or any combination of two or more items X, Y,
and Z (e.g., XYZ,XYY,YZ, 77).

[0026] It will be understood that, although the terms first,
second, third etc. may be used herein to describe various
elements, components, regions, layers, and/or sections, these
elements, components, regions, layers, and/or sections
should not be limited by these terms. These terms are only
used to distinguish one element, component, region, layer, or
section from another region, layer or section. Thus, a first
element, component, region, layer, or section discussed
below could be termed a second element, component, region,
layer, or section without departing from the teachings of the
present disclosure.

[0027] Spatially relative terms, such as “beneath”,
“below”, “lower”, “above”, “upper”, and the like, may be
used herein for ease of description to describe one element or
feature’s relationship to another element(s) or feature(s) as
illustrated in the figures. It will be understood that the spa-
tially relative terms are intended to encompass different ori-
entations of the device in use or operation in addition to the
orientation depicted in the figures. For example, if the device
in the figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary is
term “below” can encompass both an orientation of above and
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below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0028] The terminology used herein is for the purpose of
describing exemplary embodiments only and is not intended
to be limiting of the disclosed subject matter. As used herein,
the singular forms “a”, “an”, and “the” are intended to include
the plural forms as well, unless the context clearly indicates
otherwise. It will be further understood that the terms “com-
prises” and/or “comprising,” when used in this specification,
specify the presence of stated features, integers, steps, opera-
tions, elements, and/or components, but do not preclude the
presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof.

[0029] Exemplary embodiments of the disclosed subject
matter are described herein with reference to cross-section
illustrations that are schematic illustrations of idealized
embodiments (and intermediate structures) of the disclosed
subject matter. As such, variations from the shapes of the
illustrations as a result, for example, of manufacturing tech-
niques and/or tolerances, are to be expected. Thus, exemplary
embodiments of the disclosed subject matter should not be
construed as limited to the particular shapes of regions illus-
trated herein but are to include deviations in shapes that result,
for example, from manufacturing.

[0030] Hereinafter, exemplary embodiments of the dis-
closed subject matter will be described in detail with refer-
ence to the accompanying drawings.

[0031] An OLED display according to exemplary embodi-
ments of the present disclosure will now be described in detail
with reference to FIGS. 1, 2, and 3.

[0032] FIG. 1 is a perspective view of an OLED display
according to the exemplary is embodiments of the present
disclosure. FIG. 2 is a side view of an OLED display accord-
ing to exemplary embodiments of the present disclosure.
[0033] As shown in FIG. 1 and FIG. 2, an OLED display
may include a front display part 10 configured to realize an
image at a front side of the OLED display, a side display part
20 configured to realize an image at one or more side portions
of the OLED display, and a bending display part 30 formed
between the front display part 10 and the side display part 20.
The bending display part 30 may be bent. The side portions of
the OLED display including the side display part 20 may be
formed at an angle (e.g., 90°) relative to the surface of the
front side of the OLED display. The OLED display including
the front display part 10, the bending display part 30, and the
side display part 20 may be formed such that there is no dead
space (i.e., space where an image is not realized).

[0034] As shown in FIG. 2, the front display part 10 may
have a maximum luminance at a front side of the OLED
display where the viewing angle ¢ is O degrees. The side
display part 20 and the bending display part 30 may have
maximum luminance at a viewing angle ¢ so that a user may
easily view the side display part 20 and the bending display
part 30. The viewing angle ¢ may be in a range from 5° to 70°.
[0035] A detailed structure of a pixel that may be used as a
front pixel A1 formed at the front display part 10 and/or a side
pixel A2 formed at the side display part 20 and the bending
display part 30 is described with reference to FIGS. 3, 4, and
5

[0036] FIG. 3 is an equivalent circuit of one pixel of the
OLED display according to exemplary embodiments of the
present disclosure. A pixel may refer to a minimum unit
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configured to display an image. The OLED display may
include a plurality of pixels. The pixel in the OLED display
may be implemented using various suitable structures. In
some cases, the is pixel may include a plurality of TFTs and
at least one capacitor. For example, as shown in FIG. 3, a
2Tr-1Cap structured active matrix (AM) type of OLED dis-
play in which the pixel includes two thin film transistors
(TFT) and one capacitor may be used.

[0037] Asshown in FIG. 3, a pixel PX, representative of the
front pixel Al and the side pixel A2 of the OLED display, may
include a plurality of signal lines 121, 171, and 172. A plu-
rality of pixels PX may be connected to the signal lines 121,
171, and 172, and may be arranged in a matrix-like manner.
[0038] The signal lines 121, 171, and 172 include a scan
line 121 configured to carry a scan signal (or a gate signal), a
data line 171 configured to carry a data signal, and a driving
voltage line 172 configured to carry a driving voltage
ELVDD. The scan lines 121 run parallel with each other in a
row direction, and the data lines 171 and the driving voltage
lines 172 run parallel with each other in a column direction.
The column direction may be approximately perpendicular to
the row direction. The pixel PX includes a switching thin film
transistor T1, a driving thin film transistor T2, a storage
capacitor Cst, and an OLED.

[0039] The switching thin film transistor T1 has a control
terminal, an input terminal, and an output terminal. The con-
trol terminal is connected to the scan line 121, the input
terminal is connected to the data line 171, and the output
terminal is connected to the driving thin film transistor T2.
The switching thin film transistor T1 may provide a data
signal applied to the data line 171 to the driving thin film
transistor T2 when the switching thin film transistor T1 is
turned on in response to a scan signal applied to the scan lines
121.

[0040] The driving thin film transistor T2 also has a control
terminal, an input terminal, and an output terminal. The con-
trolterminal is connected to the output terminal of the switch-
ing thin film transistor T1, the input terminal is connected to
the driving voltage line 172, and the is output terminal is
connected to the organic light emitting diode OLED. When
the driving thin film transistor T2 is turned on, an output
current Id may flow and may vary in amplitude in accordance
with a voltage applied between the control terminal and the
output terminal of the driving thin film transistor T2.

[0041] The storage capacitor Cst is connected between the
control terminal and input terminal of the driving thin film
transistor T2. The storage capacitor Cst charges a data signal
applied to the control terminal of the driving thin film tran-
sistor T2, and may maintain a voltage corresponding to a
voltage level of the data signal after the switching thin film
transistor T1 is turned off.

[0042] The organic light emitting diode OLED has an
anode connected to the output terminal of the driving thin film
transistor T2 and a cathode connected to a common voltage
ELVSS. The organic light emitting diode OLED may display
animage by emitting light with different intensities according
to the output current Id of the driving thin film transistor T2.
[0043] In some cases, the switching thin film transistor T1
and the driving thin film transistor T2 may be n-channel field
effect transistors (FETs) or p-channel field effect transistors.
However, it should be understood that the transistors T1 and
T2 may be implanted using various types of transistors and
that the transistors T1 and T2 are not limited to nFETSs or
pFETs. In addition, the connections among the thin film tran-
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sistors T1 and T2, the storage capacitor Cst, and the organic
light emitting diode OLED may vary.

[0044] A detailed structure of the front pixel A1 and the side
pixel A2 of the OLED display will now be described in further
detail with reference to FIGS. 3, 4, 5, and 6.

[0045] FIG. 4isalayout view a front pixel Al positioned at
a front display part 10 and a side pixel A2 positioned at a side
display part 20 of the OLED display according to exemplary
is embodiments of the present disclosure. FIG. 5 is a cross-
sectional view taken along the line V-V of FIG. 4, and F1G. 6
is a cross-sectional view taken along the line VI-VI of FIG. 4.

[0046] Abufferlayer 120 may be formed on a substrate 110
of the front pixel A1 and the side pixel A2. The substrate 110
may be an insulating substrate made of glass, quartz, ceramic,
or plastic. The buffer layer 120 may have a single-layered
structure of silicon nitride (SiNx), or a double-layered struc-
ture of silicon nitride (SiNx) and silicon oxide (SiO,). The
buffer layer 120 may prevent unwanted components, such as
impure elements or moisture, from intruding into the sub-
strate 110, while simultaneously flattening a surface of the
substrate 110.

[0047] A switching semiconductor layer 135q and a driving
semiconductor layer 1356 may be disposed on the buffer
layer 120 and may be spaced apart from each other. These
semiconductor layers 135a and 135b may be made of poly-
silicon or an oxide semiconductor. The oxide semiconductor
may include a material selected from the group consisting of
oxides based on titanium (Ti), hafhium (Hf), zirconium (Zr),
aluminum (Al), tantalum (Ta), germanium (Ge), zinc (Zn),
gallium (Ga), tin (Sn), or indium (In), and complex oxides
thereof, such as zinc oxide (ZnO), indium-gallium-zinc oxide
(InGaZnO4), indium-zinc oxide (Zn—In—O0), zinc-tin oxide
(Zn—Sn—0), indium-gallium oxide (InGa—O0), indium-tin
oxide (In—Sn—O), indium-zirconium oxide (InZr—O0),
indium-zirconium-zinc oxide (InZr—7n—0), indium-zirco-
nium-tin oxide (In—7r—Sn—O), indium-zirconium-gal-
lium oxide (In—Zr—Ga—O0), indium-aluminum oxide (In—
Al—O), indium-zinc-aluminum oxide (In—7n—Al—0),
indium-tin-aluminum oxide (In—Sn—Al1—0), indium-alu-
minum-gallium oxide (In—Al—Ga—O0), indium-tantalum
oxide (In—Ta—0Q), indium-tantalum-zinc oxide (In—Ta—
Zn—0), indium-tantalum-tin oxide (In—Ta—Sn—O0),
indium-tantalum-gallium oxide (In—Ta—Ga—O0), indium-
germanium oxide (In—Ge—QO), indium-germanium-zinc
oxide (In—Ge—7n—0), indium-germanium-tin oxide
(In—Ge—Sn—0), indium-germanium-gallium oxide (In—
Ge—Ga—0), titanium-indium-zinc oxide (Ti—In—7Zn—
0), and hafnium-indium-zinc oxide (Hf—In—Zn—0). Ifthe
semiconductor layers 135a and 1354 are made of an oxide
semiconductor, a separate protective layer may be added to
protect the oxide semiconductor from external environmental
elements, such as high temperature.

[0048] Each of the semiconductor layers 135a and 1356
may include a channel region 1355 not doped with impurities,
and source region 1356 and drain region 1357 formed of
polysilicon doped with conductive impurities (e.g., impurity
semiconductors) and formed at respective sides of the chan-
nel region 1355. The impurities vary according to the type of
thin film transistor the semiconductor layers 1354 and 1356
are parts of, and may be N-type impurities or P-type impuri-
ties. For instance, if the transistor T1 is a nFET, the drain
region 1357 and the source region 1356 of the semiconductor
layer 135a may be doped with N-type impurities. If the tran-
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sistor T1 is a pFET, the drain region 1357 and source region
1356 of the semiconductor layer 1354 may be doped with
p-type impurities.

[0049] A gateinsulating film 140 is disposed on the switch-
ing semiconductor layer 135a, the driving semiconductor
layer 1354, and the buffer layer 120. The gate insulating film
140 may be a single layer or a plurality of layers containing at
least one of silicon nitride and silicon oxide.

[0050] Thescanline 121, a driving gate electrode 1255, and
a first storage capacitor plate 128 are formed on the gate
insulating film 140. The scan line 121 extends in a horizontal
direction and may carry a scan signal. The scan line 121 may
include a switching gate electrode 125a protruding from the
scan line 121 toward the switching semiconductor layer 135a.
The driving gate electrode 12556 may protrude from the first
storage capacitor plate 128 toward the driving semiconductor
layer 1355. The switching gate electrode 125q and the driving
gate is electrode 1255 overlap the channel regions 1355,
respectively.

[0051] An interlayer insulating film 160 is formed on the
scan line 121, the driving gate electrode 1255, and the first
storage capacitor plate 128. The interlayer insulating film 160
may be formed of silicon nitride or silicon oxide.

[0052] Source contact holes 61 and drain contact holes 62
are formed in the interlayer insulating film 160 and the gate
insulating film 140 to expose the source regions 1356 and the
drain regions 1357. Storage contact holes 63 are formed in the
interlayer insulating film 160 to expose part of the first storage
capacitor 128.

[0053] A dataline 171 having a switching source electrode
176a, a driving voltage line 172 having a driving source
electrode 1765 and a second storage capacitor plate 178, and
aswitching drain electrode 177a and a driving drain electrode
177b that are connected to the first storage capacitor plate
128a are formed on the interlayer insulating film 160.

[0054] The data line 171 may carry a data signal, and may
extend in a direction crossing the gate line 121. The driving
voltage line 172 may carry a driving voltage, may be sepa-
rated from the data line 171, and may extend in the same
direction as the data line 171.

[0055] Theswitching source electrode 176a protrudes from
the data line 171 toward the switching semiconductor layer
1354, and the driving source electrode 1764 protrudes from
the driving voltage line 172 toward the driving semiconductor
layer 13556. The switching source electrode 176a and the
source electrode 1765 are respectively connected to the
source regions 1356 through the source contact holes 61. The
switching drain electrode 177a faces the switching source
electrode 176a, the driving drain electrode 1775 faces the
driving source electrode 1765, and the switching drain elec-
trode 177a and the driving drain electrode 1775 are respec-
tively connected to the drain regions 1357 through the drain
contact holes 62.

[0056] The switching drain electrode 177a is extended and
electrically connected to the first storage capacitor plate 128
through the storage contact hole 63 and the driving gate
electrode 125b.

[0057] The second storage capacitor plate 178 protrudes
from the driving voltage line 171, and overlaps the first stor-
age capacitor plate 128. Accordingly, the first storage capaci-
tor plate 128 and the second storage capacitor plate 178
constitute the storage capacitor Cst by using the interlayer
insulating film 160 as a dielectric material.
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[0058] The switching semiconductor layer 135a, the
switching gate electrode 1254, the switching source electrode
1764, and the switching drain electrode 177a constitute the
switching thin film transistor T1, and the driving semicon-
ductor layer 1355, the driving gate electrode 1254, the driving
source electrode 1765, and the driving drain electrode 1775
constitute the driving thin film transistor T2.

[0059] A protective layer 180 is disposed on the switching
source electrode 176a, the driving source electrode 1765, the
switching drain electrode 1774, the driving drain electrode
1775, and the second storage capacitor plate 178. The protec-
tive layer 180 may be made of at least one material of acryls
resin (polyacrylates resin), epoxy resin, phenolic resin,
polyamides resin, polyimides rein, unsaturated polyesters
resin, polyphenylenethers resin, polyphenylenesulfides resin,
and benzocyclobutene (BCB).

[0060] In some cases, as shown in FIG. 6, an inclination
groove 182 having an inclination angle 6 may be formed at the
protective layer 180 of the side pixel A2. In some cases, the
inclination angle 6 may be between 5° and 70°. However, it
should be understood that various inclination angles may be
possible.

[0061] A pixel electrode 710 may be disposed on the pro-
tective layer 180, and may be formed at the inclination groove
182 of the protective layer 180 in the side pixel A2 at an
oblique angle (e.g., between 5° and 70°). The pixel electrode
710 may be made of a transparent conducting material, such
as ITO (indium tin oxide), IZO (indium zinc oxide), ZnO
(zinc oxide), or In,O5 (indium oxide), 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 may be electrically connected to the driving
drain electrode 177 of the driving thin film transistor T2
through a contact hole 181 formed in the interlayer insulating
film 160, and may operate as an anode of the organic light
emitting diode.

[0062] A pixel defining layer 350 may be disposed on edge
portions of the pixel electrode 710 and the protective layer
180. The pixel defining layer 350 may have an opening 351
exposing the pixel electrode 710. The pixel defining layer 350
may be made of a resin such as polyacrylate resin or polyim-
ide resin, a silica-based inorganic material, or the like.
[0063] An organic emission layer 720 may be disposed in
the opening 351 of the pixel defining layer 350. The organic
emission layer 720 may be disposed on the pixel electrode
710 formed at the inclination groove 182 such that the organic
emission layer 720 has the same inclination angle 0 as the
inclination angle 6 of the pixel electrode 710.

[0064] The organic emission layer 720 may include a plu-
rality of layers including one or more of an emission layer, a
hole injection layer (HIL), a hole transport layer (HTL), an
electrontransport layer (ETL), and an electron injection layer
(EIL). When the organic emission layer 720 includes all of
them, the hole injection layer (HIL) can be placed on the pixel
electrode 710, that is, the anode, and the hole transport layer
(HTL), the emission layer, the electron transport layer (ETL),
and the electron injection layer (EIL) can be sequentially
stacked over the hole is injection layer (HIL).

[0065] The organic emission layer 720 may include a red
organic emission layer for emitting red light, a green organic
emission layer for emitting green light, and a blue organic
emission layer for emitting blue light. The red organic emis-
sion layer, the green organic emission layer, and the blue
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organic emission layer are respectively formed in red, green,
and blue pixels, thereby displaying a color image.

[0066] Insome cases, the red organic emission layer, green
organic emission layer, and blue organic emission layer of the
organic emission layer 720 may be respectively laminated on
the red pixel, green pixel, and blue pixel, and a red color filter,
a green color filter, and a blue color filter may be formed for
the respective pixels, thereby displaying a color image. In
some cases, a white organic emission layer for emitting white
light may be formed on all of the red, green, and blue pixels,
and a red color filter, a green color filter, and a blue color filter
may be formed for the respective pixels, thereby displaying a
color image. If the white organic emission layer and the color
filters are used to display a color image, there 1s no need to use
a deposition mask for depositing the red, green, and blue
organic emission layers on the respective pixels, i.e., the red,
green, and blue pixels.

[0067] The white organic emission layer may be formed as
one organic emission layer or a plurality of organic emission
layers that are laminated to emit white light. For example, at
least one yellow organic emission layer and at least one blue
organic emission layer may be combined to emit white light,
at least one cyan organic emission layer and at least one red
organic emission layer may be combined to emit white light,
or at least one magenta organic emission layer and at least one
green organic emission layer may be combined to emit white
light.

[0068] A common electrode 730 may be disposed on the
pixel defining layer 350 and the is organic emission layer 720.
The common electrode 730 may be disposed on the pixel
electrode 710 and the organic emission layer 720 formed at
the inclination groove 182 such that the common electrode
730 has the same inclination angle 6 as the inclination angle
0 of the pixel electrode 710.

[0069] The common electrode 730 may be made of a trans-
parent conducting material such as ITO (indium tin oxide),
1Z0 (indium zinc oxide), ZnO (zinc oxide), or In,O; (indium
oxide), or a reflective metal such as lithium (Li), calcium
(Ca), lithium fluoride/calcium (LiF/Ca), lithium fluoride/alu-
minum (LiF/Al), aluminum (Al), silver (Ag), magnesium
(Mg), or gold (Au). The common electrode 730 may function
as a cathode of the organic light emitting diode OLED. The
pixel electrode 710, the organic emission layer 720, and the
common electrode 730 constitute the side OLED 70. The
pixel electrode 710, the organic emission layer 720, and the
common electrode 730 formed at the side pixel A2 have the
same inclination angle 0 such that the surfaces thereof are
parallel to each other. In some cases, the inclination angle 6
may be between 5¢ and 70°. However, it should be understood
that various inclination angles may be possible.

[0070] As described above, the side OLED 70 including the
pixel electrode 710, the organic emission layer 720, and the
common electrode 730 formed at the side pixel A2 has the
inclination angle 0 such that the side display part 20 and the
bending display part 30 formed at the side pixel A2 may have
the maximum luminance at the viewing angle (I).

[0071] A manufacturing method of the OLED display
according to exemplary embodiments of the present disclo-
sure will be described with reference to FIG. 5 and FIG. 6.
[0072] As shown in FIG. 5 and FIG. 6, the buffer layer 120
is disposed on the substrate 110 of the front pixel A1 and the
side pixel A2. In some cases, the buffer layer 120 may be is
disposed over the entire surface of the substrate 10 by a
method such as plasma enhanced chemical vapor deposition
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(PECVD). Next, a semiconductor layer may be disposed on
the buffer layer 120. The semiconductor layer may be made of
polysilicon or an oxide semiconductor, and the polysilicon
may be formed by forming an amorphous silicon film and
then crystallizing it. Various methods may be used to crystal-
lize the amorphous silicon film. For example, the amorphous
silicon film may be crystallized using heat, a laser, Joule heat,
an electrical field, or a catalytic metal. Next, the semiconduc-
tor layer may be patterned by photolithography by using a
first mask. In some cases, the switching semiconductor layer
135¢ and the driving semiconductor layer 13556 may be simul-
taneously formed.

[0073] Next, the gate insulating film 140 may be disposed
on the switching semiconductor layer 1354, the driving semi-
conductor layer 1355, and the buffer layer 120. The gate
insulating film 140 may be formed of silicon nitride (SiNx) or
silicon oxide (Si0,), and may be deposited over the entire
surface of the buffer layer 120 by a method such as PECVD.

[0074] Next, a gate metal layer may be disposed on the gate
insulating film 140. The gate metal layer may be formed as a
multilayer film in which a metal film including one of copper
(Cu), a copper alloy, aluminum (Al), and an aluminum alloy
and a metal film including either one of molybdenum (Mo)
and a molybdenum alloy are laminated. Next, the gate metal
layer may be patterned by photolithography using a second
mask. As such, the switching gate electrode 1254 may be
formed at a position overlapping the switching semiconduc-
tor layer 135, the driving gate electrode 1255 may be formed
at a position overlapping the driving semiconductor layer
1355, and the first storage capacitor plate 128 may be con-
nected to the driving gate electrode 1255, Next, the switching
semiconductor layer 135¢ and the driving semiconductor
layer 1356 may be doped with impurities, and may be divided
into a channel region, a source region, and a drain region. The
switching gate electrode 125 and the driving gate electrode
1256 prevent the channel regions from being doped with
impurities when the source regions and the drain regions are
doped with impurities.

[0075] Next, an interlayer insulating film 160 may be dis-
posed on the gate insulating film 140, the switching gate
electrode 125a, and the driving gate electrode 125b. The
interlayer insulating film 160 may be an organic or inorganic
film, and may be deposited over the entire surface of the
substrate 110. Next, the interlayer insulating film 160 and the
gate insulating film 140 may be patterned by photolithogra-
phy using a third mask to form a plurality of contact holes 61,
62, and 63.

[0076] Next, a data metal layer may be disposed on the
interlayer insulating film 160. The data metal layer may be
formed as a multilayer film in which a metal film including
one of copper (Cu), a copper alloy, aluminum (Al), and an
aluminum alloy and a metal film including either one of
molybdenum (Mo) and a molybdenum alloy are laminated.
For example, the data metal layer may be formed of a three-
layered film of Mo/Al/Mo or a three-layered film of Mo/Cu/
Mo.

[0077] Next, the data metal layer film may be patterned by
photolithography using a fourth mask. As such, a data wire
including the data line 171 having the switching source elec-
trode 1764, the driving voltage line 172 having the driving
source electrode 1765 and the second storage capacitor plate
178, and the switching drain electrode 177a and the driving
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drain electrode 1775 that are connected to the first storage
capacitor plate 128 are formed on the interlayer insulating
film 160.

[0078] Next, the protective layer 180 may be disposed on
the interlayer insulating film 160 to cover the data wires 171,
172, 174, 1774, and 177b. The contact hole 181 may be
formed is in the protective layer 180 in the front pixel A1 and
the side pixel A2 by a photolithography process using a fifth
mask; however, in the side pixel A2, the protective layer 180
1s formed with the inclination groove 182 having inclination
angle 0 by photolithography using a gradual half tone mask
part of the fifth mask.

[0079] Next, a pixel electrode layer may be disposed on the
protective layer 180, and the pixel electrode layer may be
patterned by photolithography using a sixth mask to form the
pixel electrode 710 connected to the driving drain electrode
1776 through the contact hole 181. In the side pixel A2, the
pixel electrode 710 disposed on the inclination groove 182 is
formed to have the inclination angle 6. A deposition speed, a
deposition temperature, a deposition voltage, and a deposi-
tion pressure of the pixel electrode layer may be controlled to
form the pixel electrode 710 with a uniform thickness to be
oblique.

[0080] Next, the pixel defining layer 350 may be disposed
on the protective layer 180 to cover the pixel electrode 710,
and the opening 351 is formed on the pixel defining film 350
by using a seventh mask to expose part of the pixel electrode
710.

[0081] The organic emission layer 720 may be disposed on
the pixel electrode 710 in the opening 351 of the pixel defin-
ing layer 350, and the common electrode 730 may be dis-
posed on the organic emission layer 720. The organic emis-
sion layer 720 and the common electrode 730 formed at the
inclination groove 182 may have the inclination angle 6.
[0082] As described above, by forming the side OLED 70
including the pixel electrode 710, the organic emission layer
720, and the common electrode 730 to have the inclination
angle 6 at the side pixel A2, light emitted from the side display
part 20 and the bending display part 30 in which the side pixel
A2 is formed may have the maximum luminance at the view-
ing angle (I).

[0083] As described above, one inclination groove 182 may
be formed at one side pixel A2 of the OLED display such that
the side OLED 70 has one inclination angle. However, in
some cases, a plurality of sub-inclination grooves may be
formed in one side pixel A2 to have a plurality of inclination
angles in the side OLED 70.

[0084] Next, referring to FIG. 7, an OLED display having a
plurality of inclination angles will be described.

[0085] FIG. 7 is a cross-sectional view of a side pixel A2
positioned at a side display part 20 of an OLED display
according exemplary embodiments of the present disclosure.
[0086] The side pixel A2 of FIG. 7 is similar to the side
pixel A2 of FIG. 6 except for a structure of the side OLED 70.
[0087] AsshowninFIG. 7, at the protective layer 180 of the
side pixel A2 of the OLED display, sub-inclination grooves
1821 and 1822 having an inclination angle 61 and an incli-
nation angle 62, respectively, may be formed at a region X1
and a region X2, respectively.

[0088] The pixel electrode 710 of the first electrode may be
disposed on the protective layer 180, and the pixel electrode
710 formed at the sub-inclination grooves 1821 and 1822 of
the protective layer 180 of the side pixel A2 may be oblique.
The inclination angle 61 and the inclination angle 62 may be
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different from each other. The organic emission layer 720 of
the side pixel A2 may be disposed on the pixel electrode 710
on the sub-inclination grooves 1821 and 1822 such that the
organic emission layer 720 is formed with the inclination
angle 61 and the inclination angle 62. The common electrode
730 of the side pixel A2 may be disposed on the pixel elec-
trode 710 and the organic emission layer 720 on the sub-
inclination grooves 1821 and 1822, such that the common
electrode 730 is formed with the inclination angle 61 and the
inclination angle 62.

[0089] As described above, the pixel electrode 710, the
organic emission layer 720, and is the common electrode 730
formed in the side pixel A2 may have an oblique inclination
angle 81 and an oblique inclination angle 62 that are different
from each other such that the maximum luminance may be
obtained at viewing angles ¢1 and ¢2 inside the side pixel A2,
which is formed in the side display part 20 and the bending
display part 30.

[0090] In some cases, an inclination angle 0 of the side
OLED formed in a side red pixel, a side green pixel, and a side
blue pixel may be different from each other.

[0091] Next, referring to FIG. 8, an OLED display with a
side red pixel, a side green pixel, and a side blue pixel having
different inclination angles 6 will be described.

[0092] FIG. 8isa cross-sectional view of a side red pixel, a
side green pixel, and a side blue pixel of a side pixel A2
positioned at a side display part 20 of an OLED display
according to exemplary embodiments of the present disclo-
sure.

[0093] The side pixel A2 of FIG. 8 is similar to the side
pixel A2 of FIG. 6 except for a structure of the side OLED 70.

[0094] As shown in FIG. 8, in the side pixel A2 of the
OLED display, inclination grooves 1827, 182g, and 1825
having different inclination angles 6r, 6g, and 6b may be
formed at the protective layer 180 ofthe side red pixel (R), the
side green pixel (G), and the side blue pixel (B).

[0095] A pixel electrode 710 may be disposed on the pro-
tective layer 180 at the inclination grooves 1827, 182g, and
18256 of the side red pixel (R), the side green pixel (G), and the
side blue pixel (B), and may beoblique at differentinclination
angles Or, 6g, and 6b. The organic emission layer 720 of the
side red pixel (R), the side green pixel (G), and the side blue
pixel (B) may be disposed on the pixel electrode 710 at the
different inclination angles Or, 0g, and 0b, respectively. The
common electrode 730 ofthe side red pixel (R), the side green
pixel (G), and the side blue pixel (B) may be disposed on the
pixel electrode 710 and the organic emission layer 720 at the
different inclination angles Or, Og, and Ob, respectively.

[0096] As described above, the pixel electrode 710, the
organic emission layer 720, and the common electrode 730 of
side OLEDs 70 may be formed at the side red pixel (R), the
side green pixel (G), and the side blue pixel (B), and may have
different oblique inclination angles 0Or, Og, and 0b such that
the side red pixel (R), the side green pixel (G), and the side
blue pixel (B) formed at the side display part 20 and the
bending display part 30 may have the maximum luminance at
the viewing angles ¢r, ¢g, and ¢b.

[0097] Insome cases, the inclination angles Or, Og, and Ob
of the side OLED formed at the side red pixel (R), the side
green pixel (G), and the side blue pixel (B) of the OLED
display may be different from each other, and, in some cases,
the inclination angles Or, 0g, and Ob may be the same. In some
cases, the inclination angle 6 of the side OLED formed in the
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side pixel A2 at the bending display part of the OLED display
may be varied (e.g., gradually increased or decreased).
[0098] Referring to FIG. 9, an OLED display having varied
inclination angles 6 will be described.

[0099] FIG.9is aside view of an OLED display according
to exemplary embodiments of the present disclosure.

[0100] As shown in FIG. 9, inclination angles 81, 62, and
03 of the side OLED formed at three adjacent side pixels A2
at the bending display part 30 of the OLED display may be
gradually increased. The inclination angles 61, 62, and 63
may be increased such that three adjacent side pixels A2
formed at the bending display part 30 may have the maximum
luminance at viewing angles ¢1, ¢2, and ¢3.

[0101] In some cases, the inclination angles 61, 62, and 63
may be gradually decreased. In general, an inclination angle
0 may vary according to the position of a pixel in the side
display part 20 and the bending display part 30 in the OLED
display. For example, the inclination angle of a pixel in the
side display part may be different (e.g., smaller or larger) than
an inclination angle of a pixel in the bending display part.
[0102] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present disclosure without departing from the spirit or scope
of the disclosed subject matter. Thus, it is intended that the
present disclosure cover the modifications and variations of
the disclosed subject matter provided they come within the
scope of the appended claims and their equivalents.

What is claimed is:

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

prising:

a front display part comprising a plurality of front pixels
configured to provide an image at a first side of the
OLED display; and

a side display part comprising a plurality of side pixels
configured to provide the image at a second side of the
OLED display,

wherein each of the plurality of side pixels comprises:

a plurality of thin film transistors;

a protective layer covering the plurality of thin film
transistors and having an oblique inclination groove;

a first electrode disposed on the inclination groove;

a pixel defining layer disposed on the protective layer
and having an opening exposing the first electrode;
an organic emission layer disposed on the first electrode

and the pixel defining layer; and
is a second electrode disposed on the organic emission
layer, and

wherein a side OLED comprises the first electrode, the
organic emission layer, and the second electrode and is
configured to be oblique.

2. The OLED display of claim 1, wherein:

an inclination angle of the side OLED is in a range of 5
degrees to 70 degrees.

3. The OLED display of claim 2, wherein:

the inclination groove comprises a plurality of sub-incli-
nation grooves having different inclination angles.

4. The OLED display of claim 3, wherein:

the side OLED comprises a plurality of sub-side OLEDs
having different inclination angles.

5. The OLED display of claim 1, wherein:

at least one of the side pixels comprises:
aside red pixel, a side green pixel, and a side blue pixel;

and
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inclination angles of side OLEDs of the side red pixel,
the side green pixel, and the side blue pixel are differ-
ent from each other.

6. The OLED display of claim 1, wherein:

inclination angles of the side OLEDs formed in the plural-
ity of side pixels of the side display part have different
angles.

7. The OLED display of claim 6, wherein:

the inclination angles of the side OLEDs sequentially
increase or sequentially decrease based on positions of
the side OLED:s.

8. A pixel, comprising;

at least one switching element;

a protective layer disposed on the at least one switching
element, the protective layer having a top surface
inclined at an inclination angle relative to a bottom sur-
face of the protective layer; and

an organic light emitting diode (OLED) disposed on the
protective layer, the OLED comprising a bottom elec-
trode,

wherein the bottom electrode is inclined at the inclination
angle and is connected to the at least one switching
element.

9. The pixel of claim 8, wherein:

the OLED further comprises an organic emission layer
disposed on the bottom electrode, and a second electrode
disposed on the organic emission layer; and

the second electrode and the organic emission layer are
inclined at the inclination angle.

10. The pixel of claim 8, wherein:

the inclination angle is oblique.

11. An organic light emitting diode (OLED) display, com-

prising:

a front display part;

a side display part; and

abending display part connecting the front display part and
the side display part,

wherein each of the front display part, the side display part,
and the bending display part comprises a plurality of
pixels, each of the plurality of pixels comprising at least
one switching element, a protective layer disposed on
the at least one switching element, and an OLED dis-
posed on the protective layer,

wherein, in pixels of the front display part, a top surface of
the OLED is parallel to a surface of the protective layer,
and

wherein, in a pixel of the side display part or the bending
display part, a top surface of the protective layer is
inclined at an inclination angle with respect to a bottom
surface of the protective layer, and a top surface of the
OLED is inclined with respect to the bottom surface of
the protective layer.

12. The OLED display of claim 11, wherein:

in the pixel of the side display part or the bending display
part, the protective layer comprises at least two inclina-
tion grooves corresponding to at least two inclination
angles in the protective layer.

13. The OLED display of claim 11, wherein:

in the pixel of the side display part or the bending display
part, a first portion of the top surface of the protective
layer is inclined at a different angle than a second portion
of the top surface of the protective layer;



US 2015/0001477 A1l

a first portion of the top surface of the OLED is inclined at
a different angle than a second portion of the top surface
of OLED; and

the first portion of the top surface of the protective layer is
parallel to the first portion of the top surface of the
OLED.

14. The OLED display of claim 11, wherein:
the inclination angle comprises an oblique angle.
15. The OLED display of claim 11, wherein:

in adjacent pixels of the side display part or the bending
display part, the inclination angle is sequentially
increased or sequentially decreased.

16. The OLED display of claim 11, wherein:

the inclination angle of the protective layer in a pixel in the
side display part is different than the inclination angle of
the protective layer in a pixel in the bending display part.

17. The OLED display of claim 11, wherein:

at least one pixel of the side display part or the bending
display part comprises a red pixel, a green pixel, and a
blue pixel;

the top surface of the protective layer in the red pixel is
inclined at a first inclination angle;

the top surface of the protective layer in the red pixel is
inclined at a second inclination angle; and

the top surface of the protective layer in the red pixel is
inclined at a third inclination angle.
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18. The OLED display of claim 17, wherein:

the first inclination angle, the second inclination angle, and
the third inclination angle are different from each other.

19. An organic light emitting diode (OLED) display, com-

prising:

a front display part;

a side display part; and

abending display part connecting the front display part and
the side display part,

wherein the front display part comprises a plurality of first
pixels, and the side display part and the bending display
part comprise a plurality of second pixels, and

wherein each of the plurality of second pixels comprises an
OLED with an inclined surface, an inclination angle of
the inclined surface corresponding to a location of the
OLED.

20. The OLED display of claim 19, wherein:

the OLED comprises a first electrode, an organic emission
layer, and a second electrode;

the first electrode, the organic emission layer, and the sec-
ond electrode are inclined at the inclination angle, the
inclination angle being oblique.

21. The OLED display of claim 19, wherein:

each of the plurality of second pixels comprises a protec-
tive layer;

atop surface of the protective layer is inclined at the incli-
nation angle with respect to a bottom surface of the
protective layer; and

a top surface of the OLED is inclined with respect to the
bottom surface of the protective layer.

I S I
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