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Description
[0001] This application claims the benefit of Korean Patent Application No. P2018-0074365, filed on June 27, 2018.
BACKGROUND

Field

[0002] The present disclosure relates to a display device, and more particularly to a light-emitting display device that
may prevent current leakage in a structure in which common layers are commonly stacked in subpixels and a method
of manufacturing the light-emitting display device.

Discussion of the Related Art

[0003] Recently, with the arrival of the information age, the field of displays for visually displaying electrically conveyed
information signals has rapidly developed. In response thereto, various kinds of flat panel display devices having excellent
characteristics, such as a small thickness, a low weight, and low power consumption, have been developed, and have
rapidly replaced existing cathode ray tubes (CRTSs).

[0004] Representative examples of such flat panel display devices may include a liquid crystal display (LCD) device,
a plasma display panel (PDP) device, a field emission display (FED) device, an organic light-emitting display (OLED)
device, and a quantum dot display device.

[0005] Among these, a self-illuminating display device, such as an organic light-emitting display device or a quantum
dot display device, is considered a competitive application because it does not require a separate light source and
enables the realization of a compact device design and vivid color display.

[0006] Such a self-illuminating display device is configured such that a light-emitting layer is disposed in subpixels
provided on a substrate and such that common layers are disposed under and above the light-emitting layer in order to
increase light emission from the light-emitting layer. However, because the common layers are provided in common in
the subpixels, when the subpixels are driven to emit light in the vertical direction, current leaks laterally to common layers
of neighboring subpixels. Thus, even when only one specific subpixel is driven, neighboring subpixels emit a small
amount of light due to current leakage, which results in deterioration in color display.

SUMMARY

[0007] Accordingly, the present disclosure is directed to a light-emitting display device and a method of manufacturing
the same that substantially obviate one or more problems due to limitations and disadvantages of the related art.
[0008] An object of the present disclosure is to provide a light-emitting display device that may prevent current leakage
in a structure in which common layers are commonly stacked in subpixels and a method of manufacturing the light-
emitting display device.

[0009] Additional advantages, objects, and features of the invention will be set forth in part in the description which
follows and in part will become apparent to those having ordinary skill in the art upon examination of the following or
may be learned from practice of the invention. The objectives and other advantages of the invention may be realized
and attained by the structure particularly pointed out in the written description and claims hereof as well as the appended
drawings.

[0010] A light-emitting display device and a method of manufacturing the same according to the present disclosure
may prevent current leakage between adjacent subpixels by modifying the structure between emission parts and con-
sequently may prevent unintended light emission due to current leakage.

[0011] To achieve these objects and other advantages, as embodied and broadly described herein, a light-emitting
display device includes a substrate having a plurality of subpixels, a first electrode provided in each of the subpixels, a
bank defining an emission part in each of the subpixels and having an upper surface that has a larger degree of surface
roughness than the upper surface of the first electrode, a first common layer over the subpixels to cover the first electrode
and the bank, a light-emitting layer disposed on the first common layer to correspond to the emission part of each of the
subpixels, and a second common layer and a second electrode stacked on the light-emitting layer over the subpixels.
[0012] The light-emitting display device may further include a roughness-inducing layer between the first electrode of
one of the subpixels and the first electrode of an adjacent one of the subpixels, under the bank.

[0013] The surface roughness of the bank may be determined depending on the surface roughness of the roughness-
inducing layer.

[0014] The upper surface of the bank may be plasma-treated.

[0015] The roughness-inducing layer may be a silicon oxide film.
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[0016] The light-emitting display device may further include a silicon nitride film under the roughness-inducing layer
and the first electrode.

[0017] The light-emitting layer may extend to a region on the bank.

[0018] The first common layer may include at least one layer of a hole injection layer, a hole transport layer, and an
electron-blocking layer, and the second common layer may include at least and layer of a hole-blocking layer, an electron
transport layer, or an electron injection layer.

[0019] The area in which each of the first common layer and the second common layer overlaps the substrate may
be larger than the area in which the light-emitting layer overlaps the substrate.

[0020] The roughness-inducing layer may have a thickness of 1000 A or more, and the thickness of the roughness-
inducing layer may be less than the thickness of the bank.

[0021] In accordance with another example, a method of manufacturing a light-emitting display device includes pre-
paring a substrate having a plurality of subpixels, providing a first electrode in each of the subpixels, providing a bank
defining an emission part in each of the subpixels, the bank to define an emission part in each of the subpixels, wherein
the bank has an upper surface that has a larger degree of surface roughness than an upper surface of the first electrode,
providing a first common layer over the subpixels to cover the first electrode and the bank, providing a light-emitting
layer on the first common layer to correspond to the emission part of each of the subpixels, providing a second common
layer on the light-emitting layer over the subpixels, and providing a second electrode on the second common layer.
[0022] The method may further include, between the providing the first electrode and the providing the bank, providing
a roughness-inducing layer between the first electrode of one of the subpixels and the first electrode of an adjacent one
of the subpixels.

[0023] The method may further include, after the providing the bank, performing plasma treatment on the upper surface
of the bank.

[0024] It is to be understood that both the foregoing general description and the following detailed description of the
present invention are exemplary and explanatory and are intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The accompanying drawings, which are included to provide a further understanding of the invention and are
incorporated in and constitute a part of this application, illustrate embodiment(s) of the invention and together with the
description serve to explain the principle of the invention. In the drawings:

FIG. 1 is a plan view illustrating a light-emitting display device according to an example;

FIG. 2 is a cross-sectional view illustrating first to third subpixels of the light-emitting display device according to an
example;

FIG. 3 is an enlarged cross-sectional view illustrating the bank region illustrated in FIG. 2;

FIG. 4 is a view illustrating the definition of a surface roughness factor;

FIG. 5 is a cross-sectional view illustrating a modified example of the organic light-emitting diode illustrated in FIG. 3;
FIG. 6 is a cross-sectional view illustrating an organic light-emitting diode of a light-emitting display device according
to another example;

FIG. 7 is a cross-sectional view illustrating a bank and a peripheral portion of a light-emitting display device according
to a comparative example;

FIGs. 8A and 8B are cross-sectional views illustrating a bank and a peripheral portion according to first and second
examples of the light-emitting display device;

FIG. 9 is a graph showing intensity at each wavelength during the light-emitting operation of a blue subpixel in the
comparative example and the light-emitting display devices according to the first and second examples;

FIGs. 10A to 10F are cross-sectional views showing the roughness of the upper surface of a bank depending on
various configurations of a layer formed under the bank;

FIG. 11 is a process flow chart showing a method of manufacturing the light-emitting display device according to
the first example; and

FIG. 12 is a process flow chart showing a method of manufacturing the light-emitting display device according to
the second example.

DETAILED DESCRIPTION

[0026] Reference will now be made in detail to the preferred embodiments of the present invention, examples of which
are illustrated in the accompanying drawings. The same reference numerals used throughout the specification refer to
the same or like parts. In the following description of the present invention, a detailed description of known functions
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and configurations incorporated herein will be omitted when it may make the subject matter of the present invention
rather unclear. Names of components used in the following description are selected in consideration of facility of spec-
ification preparation. Thus, the names of the components may be different from names of components used in a real
product.

[0027] In the drawings for explaining the exemplary embodiments of the present invention, for example, the illustrated
shape, size, ratio, angle, and number are given by way of example, and thus are not limited to the disclosure of the
present invention. Throughout the present specification, the same reference numerals designate the same constituent
elements. In addition, in the following description of the present invention, a detailed description of known functions and
configurations incorporated herein will be omitted when it may make the subject matter of the present invention rather
unclear. The terms "comprises", "includes”, and/or "has", used in this specification, do not preclude the presence or
addition of other elements unless used along with the term "only". The singular forms are intended to include the plural
forms as well, unless the context clearly indicates otherwise.

[0028] In the interpretation of constituent elements included in the various embodiments of the present invention, the
constituent elements are interpreted as including an error range even if there is no explicit description thereof.

[0029] Inthe description of the various embodiments of the present invention, when describing positional relationships,
for example, when the positional relationship between two parts is described using "on", "above", "below", "next to", or
the like, one or more other parts may be located between the two parts unless the term "directly" or "closely" is used.
[0030] Inthe description of the various embodiments of the present invention, when describing temporal relationships,
for example, when the temporal relationship between two actions is described using "after", "subsequently”, "next",
"before", or the like, the actions may not occur in succession unless the term "directly” or "just" is used therewith.
[0031] In the description of the various embodiments of the present invention, although terms such as, for example,
"first" and "second" may be used to describe various elements, these terms are merely used to distinguish the same or
similar elements from each other. Therefore, in the present specification, an element indicated by "first" may be the
same as an element indicated by "second" without exceeding the technical scope of the present invention, unless
otherwise mentioned.

[0032] The respective features of the various embodiments of the present invention may be partially or wholly coupled
to and combined with each other, and various technical linkages and modes of operation thereof are possible. These
various embodiments may be performed independently of each other, or may be performed in association with each other.
[0033] FIG. 1 is a plan view illustrating a light-emitting display device according to an example, FIG. 2 is a cross-
sectional view illustrating first to third subpixels of the light-emitting display device according to an example, and FIG. 3
is an enlarged cross-sectional view illustrating the bank region illustrated in FIG. 2.

[0034] As illustrated in FIG. 1, the light-emitting display device according to an example includes a substrate 100,
which has a polygonal shape, preferably a rectangular shape, and various components disposed on the substrate 100.
[0035] The substrate 100 is largely divided into a display area AA formed at the center thereof and a peripheral area
formed around the display area AA. Subpixels SP, each of which includes a bank 150 defining an emission part EM in
an opening, are arranged in a matrix form in the display area AA.

[0036] The subpixels SP are divided by gate lines GL (GL1, GL2, ..., GLn) and data lines DL (DL1, DL2, ..., and DLm),
which intersect each other. Driving voltage lines VDDL, to which driving voltage is applied, are further provided in the
display area AA in the same direction as the data lines in order to drive a subpixel circuit PC provided in each subpixel
SP. Each driving voltage line is connected to a driving thin-film transistor D-Tr, which is a part of the subpixel circuit PC.
[0037] The subpixel circuit PC, which is connected to the above lines, includes a switching thin-film transistor S-Tr
disposed at the intersection between the gate line GL and the data line DL, a driving thin-film transistor D-Tr disposed
between the switching thin-film transistor S-Tr and the driving voltage line VDDL, an organic light-emitting diode OLED
connected to the driving thin-film transistor D-Tr, and a storage capacitor Cst disposed between a gate electrode and a
drain electrode (or a source electrode) of the driving thin-film transistor D-Tr.

[0038] Here, the switching thin-film transistor S-Tr is formed at the intersection between the gate line GL and the data
line DL, and functions to select a corresponding subpixel. The driving thin-film transistor D-Tr functions to drive the light-
emitting diode of the subpixel selected by the switching thin-film transistor S-Tr.

[0039] A gate-driving part GD for supplying a scan signal to the gate line GL and a data-driving part DD for supplying
a data signal to the data line DL are included in the peripheral area, which corresponds to the edge of the substrate 100.
The driving voltage line VDDL may receive driving voltage from a first power source VDD provided in the peripheral
area, or may receive driving voltage via the data-driving part DD.

[0040] Here, the gate-driving part GD, the data-driving part DD and the first power source VDD may be formed so as
to be directly embedded in the peripheral area on the substrate 100 when the thin-film transistor of the display area is
formed, or may be attached to the peripheral area on the substrate 100 in a separate film or printed circuit board form.
In any case, these circuit-driving parts are disposed in the peripheral area around the display area. To this end, the
display area AA is formed further inwards than the edge of the substrate 100.

[0041] The gate-driving part GD sequentially supplies scan signals to a plurality of gate lines GL. For example, the
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gate-driving part GD is a control circuit, and supplies scan signals to a plurality of gate lines GL in response to a control
signal supplied from a timing controller (not illustrated).

[0042] The data-driving part DD supplies data signals to data lines DL1 to DLm selected from the data lines DL in
response to a control signal supplied from an external device such as a timing controller (notillustrated). The data signals
supplied to the data lines DL1 to DLm are supplied to the subpixels SP selected by the scan signals whenever the scan
signals are supplied to the gate lines GL to GLn. Through this process, the subpixels SP are charged with voltage
corresponding to the data signals and emit light with brightness corresponding thereto.

[0043] The substrate 100 may be an insulative substrate, which is formed of plastic, glass, ceramic, or the like. In the
case in which the substrate 100 is formed of plastic, the substrate 100 may be reduced in thickness and may be flexible.
However, the material of the substrate 100 is not limited thereto. The substrate 100 may include metal and may further
include an insulation buffer layer provided at a portion thereof on which lines are disposed.

[0044] A plurality of subpixels SP, e.g. three or four subpixels, which emit light beams having different colors from
each other, may be grouped into a pixel.

[0045] Each of the subpixels SP is a unit, in which a specific kind of color filter is provided or in which the light-emitting
diode is capable of emitting a light beam having a specific color without a color filter. The colors defined by the subpixels
SPinclude red R, green G and blue B. Depending on the embodiment, the colors may further include white W. However,
the present invention is not limited thereto.

[0046] In the following description, a structure in which an organic light-emitting diode is used as the light-emitting
diode will be described by way of example. However, the present invention is not limited thereto. The present invention
may be applied to any structure, so long as a common layer formed between two electrodes in the light-emitting diode
is disposed in common in the subpixels.

[0047] For example, when an organic light-emitting diode OLED is used as the light-emitting diode, the organic light-
emitting diode OLED is connected to the driving thin-film transistor D-Tr, and includes a first electrode provided in each
subpixel, a second electrode disposed so as to face the first electrode, and an organic stack disposed between the first
electrode and the second electrode. The organic stack may include an organic light-emitting layer disposed therein and
an organic common layer disposed under and/or above the organic light-emitting layer.

[0048] The emission type of the light-emitting display device 10 may be classified into a top emission type, a bottom
emission type, and a dual emission type. Regardless of the emission type, a light-emitting display device having a large
area may undergo a voltage drop at a second electrode 140 (refer to FIGs. 2 and 3) during the process of forming the
second electrode having high resistance on the entire surface of the display area AA within the substrate 100. Therefore,
in order to solve this, the light-emitting display device according to an example may further include an auxiliary line,
which is connected to the second electrode.

[0049] The light-emitting diode is connected to the subpixel circuit PC in each subpixel, and is selectively operated so
as to function as a self-illuminating element in response to driving current applied thereto. That is, with the configuration
in which the light-emitting diode is provided in each subpixel, the light-emitting display device is capable of realizing a
display operation without a separate light source.

[0050] Examples of the self-illuminating element include an organic light-emitting element, an inorganic light-emitting
element using quantum dots or the like, and a light-emitting element including organic and inorganic materials as a light-
emitting material.

[0051] The light-emitting display device, in which the self-illuminating element is provided in each subpixel, is charac-
terized in that the upper surface of the bank is formed to be uneven in order to increase the resistance of a common
layer, which is disposed in common in the subpixels, thereby preventing current leakage between adjacent subpixels
due to the use of the common layer. That is, the uneven portion of the upper surface of the bank functions to lengthen
the path along which the leaked current flows, thereby preventing or minimizing the flow of leaked current between
adjacent subpixels.

[0052] The structure of the light-emitting display device according to an example will now be described in detail with
reference to FIGs. 2 and 3.

[0053] As illustrated in FIGs. 2 and 3, the light-emitting display device according to an example includes a substrate
100 having a plurality of subpixels SP (R_SP, G_SP and B_SP), a first electrode 120 provided in each of the subpixels
SP (R_SP, G_SP and B_SP), a bank 150 defining an emission part EM in each of the subpixels SP (R_SP, G_SP and
B_SP) and having an upper surface, which has a larger degree of surface roughness than the upper surface of the first
electrode 120, an organic stack 130 provided over all of the subpixels SP so as to cover the first electrode 120 and the
bank 150, light-emitting layers 133a and 133b provided in the emission part of each of the subpixels within the organic
stack 130, and a second electrode 140 provided on the organic stack 130.

[0054] In the illustrated example, the first electrode 120, the organic stack 130 and the second electrode 140 function
as an organic light-emitting diode OLED in each of the subpixels SP (R_SP, G_SP and B_SP).

[0055] FIG. 3illustrates a top emission type in which the first electrode 120 of the OLED is implemented as a reflection
electrode and the second electrode 140 of the OLED is implemented as a transparent electrode or a reflection-trans-
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mission electrode. However, the present invention is not limited thereto. Alternatively, the first and second electrodes
may be reversed so as to be used for a bottom emission type. Alternatively, a region for a top emission type and a region
for abottom emission type may be used in combination. Alternatively, the first and second electrodes may be implemented
as transparent electrodes so as to be used for a dual emission type.

[0056] The main feature of the light-emitting display device according to an example is the region around the emission
part EM, namely the bank 150, rather than the emission part EM of the subpixel SP.

[0057] As illustrated in FIGs. 2 and 3, the upper surface of the bank 150 has a relatively large degree of surface
roughness. The rough upper surface of the bank 150 is not naturally formed through the general process of forming the
bank or by the physical properties of the bank. The roughness of the upper surface of the bank 150 is increased beyond
a predetermined level by performing a specific treatment on the upper surface of the bank or by adding a specific
configuration to a region under the bank so that the specific configuration induces a relatively large degree of surface
roughness onto the upper surface of the bank.

[0058] In an example, the roughness of the upper surface of the bank 150 is evaluated by a factor Rq (root mean
square average of roughness profile ordinates) used to evaluate the surface roughness, and the surface roughness will
be described with reference to FIG. 4.

[0059] FIG. 4 is a view illustrating the definition of the surface roughness factor Rq. As illustrated in FIG. 4, the surface
roughness factor Rq is obtained by measuring height variations y; of N points with respect to the reference surface,
adding the squares of the variations y; of the N points with respect to the reference surface, and dividing the resulting
value by N in order to calculate the square root of the resulting value. In the case of FIG. 4, the variable y; is the height
of a point on the upper surface compared to a reference surface. The reference surface may be a flat surface and may
extend across the profile of the undulating surface such that the variable y; takes positive and negative values, as shown
in FIG. 4.

[0060] Forexample, whenthebankisformed of a single material such as polyimide or polyamide, the surface roughness
factor Rq of the upper surface of the bank is equivalent to 1.6 or less.

[0061] In the light-emitting display device according to an example, the first electrode 120 is formed as a metal layer
including a reflection electrode through, for example, deposition using a sputtering method. The first electrode 120 has
surface roughness that is similar to or greater than the surface roughness of the surface of the bank, which is formed
through a polyimide or polyamide coating process, and has a surface roughness factor Rq of approximately 1.4 to 2.2.
[0062] Inthe light-emitting display device according to the example illustrated in FIGs. 2 and 3, the bank 150 is provided
at the lower side thereof with a roughness-inducing layer 115 for inducing a relatively large degree of surface roughness
so that the upper surface of the bank 150 has a larger degree of surface roughness than the first electrode 120. In other
words, the upper surface of the bank 150 is more uneven than that of the first electrode 120. Thus, even if leaked current
flows horizontally (horizontally being a direction towards a neighbouring subpixel) through the organic stack 130 formed
on the first electrode 120, a path L, along which the leaked current flows, is lengthened due to the uneven upper surface
of the bank 150. Thus, the resistance R between adjacent pixels, which is represented by p * L / A (where p is the specific
resistance of the organic stack, L is the path created by the roughness of the upper surface of the bank (L may be the
direct horizontal length of a portion of the upper surface of the bank, as shown in FIG. 4), and A is the cross-sectional
area), is increased due to the increase in the length of the path L so as to be higher than in a configuration in which a
bank is formed of a single material without any specific treatment and has a flat upper surface. Thus, it is possible to
minimize or prevent the flow of leaked current from one subpixel to another subpixel. As a result, it is possible to implement
independent driving of the subpixel, thereby preventing, when a specific subpixel is driven, neighboring subpixels from
emitting a small amount of light due to current leakage.

[0063] The roughness-inducing layer 115 functions to increase the surface roughness of the layer formed thereon,
namely the bank 150 (refer to FIGs. 2 and 3). That is, the roughness-inducing layer 115 increases the value of the
surface roughness factor Rq to a level equal to or greater than that of the surface of the first electrode 120. Thus, it is
possible to prevent the flow of leaked current in the horizontal direction through the organic stack 130 disposed on the
bank 150. The roughness-inducing layer 115 may be formed in a non-emission part.

[0064] The roughness-inducing layer 115 is disposed under the bank 150. The roughness-inducing layer 115 may be
formed so as to have a relatively large degree of surface roughness. However, this is not an absolute condition. Rather,
the role of the roughness-inducing layer 115 is to increase the surface roughness of the layer formed thereon. Although
the inventor of the present example has used a silicon oxide film as the material of the roughness-inducing layer 115,
any other material may be used for the roughness-inducing layer 115, so long as it is capable of inducing an upper layer
disposed thereon to be formed such that the upper surface of the upper layer has a relatively large degree of surface
roughness.

[0065] Through the experiment, the inventor of the present example has found that the roughness of the upper surface
of the bank 150 when a silicon oxide film (SiOx) was formed with a thickness of 3600 A and the bank 150 was formed
thereon with a thickness of 1 to 3 um using polyimide was greater than when only the bank was formed with a thickness
of 1 to 3 um using polyimide. When the roughness-inducing layer 115 such as a silicon oxide film is further provided,
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the surface roughness factor Rq may be larger by 0.8 or more than in the case in which a roughness-inducing layer is
not provided.

[0066] Here, although the thickness of the roughness-inducing layer 115 is a third or less of the thickness of the bank
150, the roughness of the upper surface of the bank 150is increased by the roughness-inducing layer 115. The roughness-
inducing layer 115 may induce the upper surface of the bank 150 to have surface roughness equivalent to or greater
than the surface roughness of the roughness-inducing layer 115.

[0067] However, not all materials may be used for the formation of the roughness-inducing layer 115. For example,
in the case in which an organic material, such as polyimide, polyacryl, or BCB, is provided under the bank 150, the
surface roughness factor Rq of the upper surface of the bank changes slightly. In the case in which an inorganic material
such as a silicon nitride film is provided under the bank 150, the surface roughness factor Rq of the upper surface of
the bank may be decreased so as to be lower than in the case in which the bank is formed of a single material. Further,
it is not desirable for the roughness-inducing layer 115 to be formed of a metal material because it may have an adverse
influence on the first electrode 120 of each of neighboring subpixels. Therefore, in the present example, the roughness-
inducing layer 115 is formed of an inorganic material such as a silicon oxide film.

[0068] In some cases, besides the roughness-inducing layer 115, plasma treatment may be performed on the upper
surface of the bank 150 in order to increase the roughness of the upper surface of the bank 150. Alternatively, the
application of the roughness-inducing layer 115 and the plasma treatment of the bank 150 may be performed together
in order to secure greater roughness of the upper surface of the bank 150.

[0069] The components of the organic light-emitting diode OLED, other than the roughness-inducing layer 115 and
the bank 150, will be described below.

[0070] The first electrode 120 is provided in each of the subpixels SP in order to implement independent light emission
from each subpixel SP. As illustrated in FIG. 3, the first electrode 120 has a triple-layer structure that includes a reflection
electrode 120b and furtherincludes transparent electrodes 120a and 120c disposed under and on the reflection electrode
120b. However, the present invention is not limited thereto. The first electrode 120 may be formed in a single-layer
structure including only a reflection electrode 120b, or may be formed in a double-layer structure including a reflection
electrode 120b and atransparent electrode 120a or 120c disposed under or on the reflection electrode 120b. Alternatively,
the first electrode 120 may be formed in a multi-layer structure in which reflection electrodes and transparent electrodes
are alternately stacked on one another.

[0071] The organic stack 130 is formed by stacking a hole injection layer 131, a hole transport layer 132, a light-
emitting layer 133a and 133b, and an electron transport layer (or an electron injection layer) 134 in that order from the
bottom in each subpixel. The organic stack 130 may include the light-emitting layer 133a and 133b as an essential
element, and may further optionally include the remaining layers. Each layer may be formed in a single-layer or multi-
layer structure.

[0072] The hole injection layer 131, the hole transport layer 132 and the electron transport layer (or the electron
injection layer) 134 are provided in common in the subpixels SP (R_SP, G_SP and B_SP), and thus are referred to as
common layers. As illustrated in the drawings, the above layers may be formed as organic layers, or may be formed
such that an inorganic material is included in portions of the organic layers. Alternatively, in the case in which an inorganic
light-emitting diode is used instead of the illustrated organic light-emitting diode, an inorganic layer may be included.
[0073] Depending on the embodiment, an electron-blocking layer and a hole-blocking layer may be further formed so
as to be in direct contact with the lower surface and the upper surface of the light-emitting layer 133a and 133b. However,
the electron-blocking layer and the hole-blocking layer are not essential elements, but may be selectively provided as
needed. The electron-blocking layer and the hole-blocking layer may be selectively provided in some of the subpixels
defined in the substrate 100.

[0074] As illustrated in FIG. 3, the light-emitting layer 133a and the light-emitting layer 133b are patterned so as to be
separated from each other in each subpixel. However, the presentinvention is not limited thereto. In the case of a tandem
type, the light-emitting layer may be provided as a common layer over all of the subpixels.

[0075] The first electrode 120 is connected to a thin-film transistor TFT and is selectively driven.

[0076] A buffer layer 101 is formed on the substrate 100, and a thin-film transistor TFT is formed on the buffer layer
101. The thin-film transistor TFT includes a semiconductor layer 102, a gate insulation film 105 and a gate electrode
103 disposed on the semiconductor layer 102, and a source electrode 106a and a drain electrode 106b connected to
respective sides of the semiconductor layer 102.

[0077] The semiconductor layer 102 may be formed of any one of amorphous silicon, crystalline silicon, and an oxide
semiconductor, or may be formed by stacking at least one of the above materials.

[0078] An interlayer insulation film 104 is provided so as to cover the semiconductor layer 102 and the gate electrode
103, except for the portions at which the source electrode 106a and the drain electrode 106b are connected to the
semiconductor layer 102.

[0079] A protective film 110 is formed so as to cover the source electrode 106a, the drain electrode 106b and the
interlayer insulation film 104. The protective film 110 is disposed under the first electrode 120 in order to protect the thin-



10

15

20

25

30

35

40

45

50

55

EP 3 588 573 A1

film transistor TFT, and helps flatten the surface on which the first electrode 120 is formed.

[0080] In addition, a capping layer 160 is formed on the entire upper surface of the second electrode 140 in order to
assist light extraction from the second electrode 140 and to protect the organic light-emitting diode OLED. The capping
layer 160 is formed of a transparent organic material that has a refractive index of approximately 1.6 to 2.2. Depending
on the embodiment, the capping layer 160 may be optionally formed.

[0081] In the light-emitting display device according to an example, the upper surface of the bank 150, which defines
the light-emitting part EM of each subpixel SP, has large surface roughness, which results in an increase in the length
of the path along which the current flows horizontally through the surface of the organic stack 130 disposed on the upper
surface of the bank 150.

[0082] Hereinafter, a light-emitting display device having another example of the organic stack will be described.
[0083] FIG. 5is a cross-sectional view illustrating a modified example of the organic light-emitting diode of the light-
emitting display device according to an example.

[0084] Asillustrated in FIG. 5, a modified example of the organic light-emitting diode of the light-emitting display device
further includes additional layers compared to the configuration illustrated in FIG. 3. Described in detail, when it is
necessary to adjust the position of the light-emitting layer 133a and 133c between the first and second electrodes 120
and 140 in the subpixels provided on the substrate, a hole transport auxiliary layer 1321 and 1322 is additionally provided
between the hole transport layer 132 and the light-emitting layer 133a and 133c, and an electron-blocking layer EBL
1323 is provided in common between the hole transport layer or the hole transport auxiliary layer 1321 and 1322 and
the light-emitting layer 133a, 133b and 133c. An electron transport layer 134 is provided as a common layer between
the light-emitting layer 133a, 133b and 133c and the second electrode 140.

[0085] For example, red, green and blue subpixels R_SP, G_SP and B_SP may be provided on the substrate 100.
With regard to a light-emitting layer having a relatively long wavelength, the position of the light-emitting layer 133a and
133c may be adjusted in order to increase the optical distance from the first electrode 120.

[0086] The thickness of the hole transport auxiliary layer 1321 in the red subpixel R_SP, having a relatively long
wavelength, is greater than the thickness of the hole transport auxiliary layer 1322 in the green subpixel G_SP, having
a relatively short wavelength.

[0087] As illustrated in FIGs. 3 and 5, in the case in which the light-emitting layer is patterned for each light color in
each subpixel, a portion of the light-emitting layer 133a, 133b and 133c is not formed above the bank 150. Thus, the
area in which the common layers 131, 132 and 134 overlap the substrate 100 may be larger than the area in which the
light-emitting layer 133a, 133b and 133c overlaps the substrate 100.

[0088] FIG. 6 is a cross-sectional view illustrating an organic light-emitting diode of a light-emitting display device
according to another example.

[0089] An organic light-emitting diode of a light-emitting display device according to another example illustrated in
FIG. 6 includes an organic stack, disposed between the first electrode 120 and the second electrode 140, and a plurality
of stacks with a charge generation layer CGL interposed therebetween.

[0090] Each stack may include a light-emitting layer EML and further includes a first common layer HTL1 and a second
common layer ETL1 respectively disposed under and on the light-emitting layer EML. The first common layer HTL1 may
include at least one layer of a hole injection layer, a hole transport layer, or an electron-blocking layer. The second
common layer ETL1 may include at least one layer of a hole-blocking layer, an electron transport layer, or an electron
injection layer.

[0091] The configuration illustrated in FIG. 6 is a tandem-type configuration. Like the first and second common layers
HTL1 and ETLA1, the light-emitting layer EML is also disposed over all of the subpixels. The light-emitting layer EML and
the first and second common layers HTL1 and ETL1 are integrally formed with each other in all of the regions in the
display area. That is, the stacks including the light-emitting layer EML are integrally formed in all of the regions, and thus
the stacks are also disposed on the bank. In addition, in the light-emitting display device according to an example, due
to the uneven upper surface of the bank 150 disposed between adjacent subpixels, the path along which leaked current
flows is lengthened, thereby preventing the flow of leaked current between adjacent subpixels.

[0092] The light-emitting display device according to an example is characterized in that the upper surface of the bank
has great surface roughness so as to prevent the flow of leaked current between adjacent subpixels, and is applicable
to any type of organic light-emitting diode, layers of which are disposed in common in the subpixels.

[0093] Hereinafter, a comparative example and embodiments with respect to the shape of the bank, excluding the
emission part EM, will be described in detail.

[0094] FIG. 7 is a cross-sectional view illustrating a bank and a peripheral portion of a light-emitting display device
according to a comparative example.

[0095] Asillustratedin FIG. 7, the light-emitting display device according to a comparative example includes subpixels,
in each of which a first electrode 20a or 20b is disposed on a protective layer 10 and a bank 30 is disposed in a region
on the protective layer 10, rather than in an emission part. In this case, the upper surface and the side surface of the
bank 30 have a surface roughness factor Rq of approximately 1.2. A common layer 40, which is formed of an organic
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material, may be disposed on the bank 30 and the first electrode 20a or 20b. In each subpixel, the upper surface of the
first electrode 20a or 20b and the upper surface of the bank 30 may have uniform surface roughness, or the roughness
of the upper surface of the bank 30 may be less than the roughness of the upper surface of the first electrode 20a or
20b, whereby the horizontal path of the common layer 40 that is formed above the bank 30 disposed between the first
electrode 20a of one subpixel and the first electrode 20b of a neighboring subpixel may be shortened. Thus, after a
second electrode (not illustrated) is formed on the entire surface of the common layer 40, for example, when the left
subpixel emits light due to a vertical electric field generated by applying voltage to the first electrode 20a and the second
electrode of the left subpixel, current leaks horizontally due to the common layer 40 that is provided in common in
adjacent subpixels, which causes unintended light emission from the right subpixel.

[0096] FIGs. 8A and 8B are cross-sectional views illustrating a bank and a peripheral portion according to first and
second examples of the light-emitting display device.

[0097] Asillustratedin FIG. 8A, in the light-emitting display device according to the first example, a roughness-inducing
layer 115, which is formed of silicon oxide film (SiOx), is disposed under a bank 150 in order to increase the roughness
of the upper surface of the bank 150 so that convex and concave portions are formed in the upper surface of the bank
150. According to the first example, the bank 150 has the convex and concave portions formed in the upper surface
thereof, but no specific treatment is performed during the process of forming the bank 150, like the bank-forming process
illustrated in FIG. 7. It is presumed that the formation of the convex and concave portions in the upper surface of the
bank 150 is caused by surface repulsive force between the roughness-inducing layer 115, which is formed of a silicon
oxide film, and the material forming the bank 150.

[0098] Thus, the first electrode 1200a or 1200b, which is disposed in the region in which the roughness-inducing layer
115 is not formed, has a flat upper surface. Subsequently, an organic stack 130 is disposed on the first electrode 1200a
or 1200b and the bank 150. The portion of the organic stack 130 that is disposed on the first electrode 1200a or 1200b,
which corresponds to an emission part EM (refer to FIG. 2) of each of adjacent subpixels SP, is formed along the flat
upper surface of the first electrode 1200a or 1200b, and the portion of the organic stack 130 that is disposed on the
bank 150 is formed along the convex and concave portions of the upper surface of the bank 150, which has large surface
roughness. Thus, the path created by the organic stack 130 on the upper surface of the bank 150 is lengthened. As a
result, the resistance of the organic stack 130 including common layers above the bank 150 is increased, thereby reducing
the influence due to current leakage in the horizontal direction.

[0099] The first electrode 1200a of one subpixel and the first electrode 1200b of a neighboring subpixel may be formed
so as to overlap the bank 150 while being spaced apart from each other. In this case, the first electrodes 1200a and
1200b may also overlap the roughness-inducing layer 115 disposed under the bank 150.

[0100] The organic stack 130 may be formed using all or some of the hole injection layer, the hole transport layer, the
electron-blocking layer, the hole-blocking layer, the light-emitting layer, the electron transport layer, and the electron
injection layer, which have been described with reference to FIGs. 2, 3, 5 and 6. As illustrated in FIGs. 3 and 5, the light-
emitting layer may be formed only in the emission part EM of the subpixel SP, or may be individually formed in each
subpixel SP. Alternatively, as illustrated in FIG. 6, the light-emitting layer may be formed in an integral type over all of
the subpixels SP in the display area AA (refer to FIG. 1). In any case, in the light-emitting display device having the
organic light-emitting diode according to the first example, it is possible to prevent or reduce the flow of leaked current
between adjacent subpixels by forming the convex and concave portions in the upper surface of the bank 150.

[0101] If the thickness of the roughness-inducing layer 115 is too small, this may not cause a change in the roughness
of the upper surface of the bank 150 formed thereon. Thus, it is desirable for the roughness-inducing layer 115 to have
a thickness of 1000 A or more. On the other hand, if the thickness of the roughness-inducing layer 115 is too large, this
may cause a change in the roughness of the upper surface of the bank 150, but deposition processing needs to be
carried out multiple times. Thus, it is desirable for the roughness-inducing layer 115 to have a thickness of 5000 A or
less in order to simplify deposition processing. More preferably, the roughness-inducing layer 115 may be formed to
have a smaller thickness than the bank 150 so as to simplify deposition processing and to change the roughness of the
upper surface of the bank 150.

[0102] In particular, among the layers of the organic stack 130, the portion of the common layer that is disposed closest
to the first electrode 1200a or 1200b may have a large influence on current leakage in the horizontal direction. As
illustrated in the drawings, when the bank 150 has large convex and concave portions in the upper surface thereof, the
difference in the surface roughness between the portion of the common layer that is disposed closest to the upper surface
of the bank 150 and the portion of the common layer that is disposed on the first electrode 1200a or 1200b is the greatest.
In this case, the common layer may be formed with an irregular thickness, or may be partially cut on the upper surface
ofthe bank 150, thereby blocking the path along which leaked currentflows in the horizontal direction toward a neighboring
subpixel.

[0103] Althoughitisillustrated that the first electrode 1200a or 1200b and the roughness-inducing layer 115 are formed
on the protective layer 110 formed of a silicon nitride film (SiNx), the material of the protective layer 110 is not limited to
a silicon nitride film, but may include an organic planarization material such as BCB or photoacryl. Even when the
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protective layer 110 is formed of a material other than a silicon nitride film, it is possible to increase the roughness of
the upper surface of the bank 150 by forming the roughness-inducing layer 115 under the bank 150.

[0104] FIG. 8B is a cross-sectional view of the light-emitting display device according to the second example, in which
a roughness-inducing layer 115 is provided under a bank 250 and in which plasma treatment is performed on the upper
surface of the bank 250 in order to further increase the roughness of the upper surface of the bank 250 and to cause
the surface roughness thereof to change more irregularly than in the light-emitting display device according to the first
example.

[0105] Thus, the first electrode 1200a or 1200b, which is disposed in the region in which the roughness-inducing layer
115 is not formed, has a flat upper surface. Subsequently, an organic stack 230 is disposed on the first electrode 1200a
or 1200b and the bank 250. The portion of the organic stack 230 that is disposed on the first electrode 1200a or 1200b,
which corresponds to an emission part EM (refer to FIG. 2) of each of adjacent subpixels SP, is formed along the flat
upper surface of the first electrode 1200a or 1200b, and the portion of the organic stack 230 that is disposed on the
bank 250 is formed along the convex and concave portions of the upper surface of the bank 250, which has large surface
roughness. Thus, the path created by the organic stack 230 on the upper surface of the bank 250 is lengthened. As a
result, the resistance of the organic stack 230 including common layers above the bank 250 is increased, thereby reducing
the influence due to current leakage in the horizontal direction.

[0106] As illustrated in FIG. 8A, when the roughness-inducing layer 115 is provided under the bank 150, the surface
roughness factor Rq of the upper surface of the bank 150 is increased to approximately 2.4. As illustrated in FIG. 8B,
when the roughness-inducing layer 115 is provided under the bank 250 and plasma treatment is performed on the upper
surface of the bank 250, the surface roughness factor Rq of the upper surface of the bank 250 is increased to approximately
4.0. That is, the roughness of the upper surface of the bank in the configuration of FIG. 8B is changed more than in the
configuration of FIG. 8A.

[0107] FIG. 9 is a graph showing intensity at each wavelength during the light-emitting operation of a blue subpixel in
the comparative example and the light-emitting display devices according to the first and second examples.

[0108] In the above-described comparative example and the light-emitting display devices according to the first and
second examples, on the assumption that the left subpixel disposed on the left of the bank 30, 150 and 250 is a blue
subpixel and that the right subpixel disposed on the right of the bank 30, 150 and 250 is a red subpixel, if voltage is
applied only to the first electrode 20a and 1200a of the blue subpixel but is not applied to the first electrode 20b and
1200b of the neighboring red subpixel, a vertical electric field is generated in the first electrode 20a and the second
electrode in the blue subpixel, and a blue light beam having a peak wavelength in the range from 430 nm to 480 nm is
emitted (because the maximum intensity of blue light at the peak wavelength is 0.2 or greater, it is not observed in the
graph) . However, in the comparative example, even if no voltage is applied to the first electrode 20b in the red subpixel,
which is adjacent to the blue subpixel, it is observed in the graph that a red light beam having an intensity of 0.058 at a
peak wavelength in the range from 600 nm to 650 nm is emitted due to horizontal current leakage through the common
layer 40.

[0109] In the case of the first example, it is observed in the graph that a red light beam having an intensity of 0.042 at
a peak wavelength in the range from 600 nm to 650 nm is emitted from the red subpixel. In the case of the second
example, it is observed in the graph that a red light beam having an intensity of 0.038 at a peak wavelength in the range
from 600 nm to 650 nm is emitted from the red subpixel. That is, the intensity of light emitted from the red subpixel due
to current leakage in the first and second examples is greatly reduced compared to that in the comparative example.
Depending on the embodiment, it is possible to further reduce the amount of light emitted from the red subpixel due to
current leakage by further increasing the roughness of the upper surface of the bank 150 or 250 or causing the surface
roughness thereof to change more irregularly.

[0110] When the blue subpixel is driven, a blue light beam having an intensity of 0.3 or greater at a peak wavelength
is emitted. The intensity of the red light at a peak wavelength emitted from the red subpixel in the second example is
0.038, which is an eighth or less of the intensity of the blue light at a peak wavelength. Thus, even if a red light beam is
emitted from the device, it may not be visible to an observer. That is, according to the light-emitting display device of an
example, it is possible to prevent undesirably emitted light due to current leakage from being visible to an observer by
increasing the roughness of the upper surface of the bank to a predetermined level or higher.

[0111] Hereinafter, the change in the roughness of the upper surface of the bank measured depending on various
configurations formed under the bank will be described.

[0112] FIGs. 10A to 10F are cross-sectional views showing the roughness of the upper surface of the bank depending
on various configurations of the layer formed under the bank.

[0113] As illustrated in FIG. 10A, when a silicon nitride film (SiNx) is provided under a bank, the surface roughness
factor Rq of the upper surface of the bank becomes 1.2. This means that the surface roughness is generally low when
the protective film is formed of a silicon nitride film and the bank is formed thereon.

[0114] As illustrated in FIG. 10B, when a planarization layer PLN is formed of photoacryl and a bank is subsequently
formed thereon, the surface roughness factor Rq of the upper surface of the bank becomes 1.6.
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[0115] As illustrated in FIG. 10C, when no layer is formed under a bank, the surface roughness factor Rq of the upper
surface of the bank becomes 1.5.

[0116] As illustrated in FIG. 10D, when a silicon nitride film (SiNx) and a silicon oxide film (SiOx) are sequentially
formed and a bank is subsequently formed thereon, the surface roughness factor Rq of the upper surface of the bank
becomes 2.4.

[0117] As illustrated in FIG. 10E, when a single silicon oxide film (SiOx) is formed and a bank is subsequently formed
thereon, the surface roughness factor Rq of the upper surface of the bank becomes 2.4.

[0118] Based on the surface roughness factors of the upper surface of the bank obtained from the configurations
illustrated in FIGs. 10A, 10D and 10E, it is confirmed that, when a silicon nitride film (SiNx) is provided under the bank,
the roughness of the upper surface of the bank is decreased, and that, when a silicon oxide film (SiOx) is provided under
the bank, particularly so as to contact the bank, the roughness of the upper surface of the bank is increased.

[0119] Asillustrated in FIG. 10F, after a bank is formed on a single silicon oxide film (SiOx) (refer to FIG. 10E), plasma
surface treatment is performed on the upper surface of the bank. In this case, the surface roughness factor Rq of the
upper surface of the bank is increased to 4.0.

[0120] The plasma surface treatment may use gas having low activation energy, such as nitrogen gas (N, gas), rather
than oxygen gas (O, gas), as reaction gas in order to increase only the roughness of the upper surface of the bank
without having an influence on other regions. If plasma treatment is performed using reaction gas including oxygen gas
(O, gas), which has high activation energy, such as N,O,, the upper surface of the bank is etched more than necessary,
and thus the convex and concave portions in the upper surface of the bank are decreased in size. Therefore, nitrogen
gas (N, gas) is used as plasma reaction gas in order to increase the roughness of the upper surface of the bank and to
cause the convex and concave portions in the upper surface of the bank to be formed more irregularly while maintaining
the convex and concave characteristics of the upper surface of the bank.

[Table 1]
Experimental Class Gas Composition Power Time 1st 2nd Average
Example ' (N2:O3) (W) (Sec) (Ra) (Ra) (Ra)
1 9:1 2.6 2.3 2.4
N20, 600 150
2 Plasma 8:2 25 2.5 25
3 N, Plasma 10:0 600 150 41 3.9 4.0

[0121] As is seen from Table 1, although the plasma treatment is performed using the same power during the same
time period, the values of the roughness of the upper surface of the bank obtained through the plasma treatment are
different depending on plasma reaction gas used in the surface treatment of the bank. In detail, the surface roughness
factor Rq of the upper surface of the bank obtained through Experimental Examples 1 and 2, in which reaction gas
including oxygen gas is used, ranges from 2.4 to 2.5, whereas the surface roughness factor Rq of the upper surface of
the bank obtained through Experimental Example 3, in which only nitrogen gas is used as reaction gas, is 4.0. In other
words, the plasma surface treatment using only nitrogen gas as reaction gas further increases the surface roughness.

[Table 2]
Plasma
Experimental Lower Gas i 1st 2nd Average
; Position
Example Layer | (N, | Tower | Time Ra) | (Rq) (Rq)
(W) (Sec)
0,)
3 Bank 4.1 3.9 4.0
SiOx 10:0 600 150 i
4 First 25 24 25
Electrode
5 Bank 2.4 2.5 2.4
SiOx First
6 Electrode 22 25 23
No Plasma Treatment
7 Bank 1.3 1.2 1.2
SiNx First
8 Electrode 25 24 25
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[0122] As is seen from Table 2, when a silicon oxide film is used as a lower film that is disposed under the bank (refer
to Experimental Example 3), the surface roughness factor Rq of the upper surface of the bank is 4.0, whereas when a
silicon oxide film is disposed under the first electrode (refer to Experimental Example 4), the surface roughness factor
Rq of the upper surface of the first electrode is 2.5. That is, even if plasma treatment is performed, the change in the
roughness of the upper surface of the first electrode is not large. Therefore, according to the light-emitting display device
of an example, after the first electrode is formed, a silicon oxide film is formed as the roughness-inducing layer, and the
bank defining the emission part is subsequently formed. Thereafter, surface treatment is performed on the entire upper
surface of the bank and the entire upper surface of the first electrode. As a result, only the roughness of the upper surface
of the bank changes greatly, thereby effectively preventing the flow of leaked current above the bank. When a silicon
oxide film (SiOx) is used as the lower film but plasma treatment is not performed (refer to Experimental Examples 5 and
6), the surface roughness factor Rq of the upper surface of the bank is only slightly larger than the surface roughness
factor of the upper surface of the first electrode. Thus, the effect of preventing the flow of leaked current above the bank
is anticipated to be smaller than when the plasma treatment is performed (refer to Experimental Examples 3 and 4).
[0123] Experimental Examples 7 and 8 show the surface roughness factor Rq of the upper surface of the first electrode
and the surface roughness factor Rq of the upper surface of the bank in the configuration in which a silicon nitride film
(SiNx) is formed as the lower film, the first electrode is formed thereon, and the bank defining an emission part is formed,
and when no surface treatment is applied to this configuration. The surface roughness factor Rq of the upper surface
of the bank is 1.2 (refer to Experimental Example 7), and the surface roughness factor Rq of the upper surface of the
first electrode is 2.5 (refer to Experimental Example 8). In the configuration illustrated in FIG. 7, because the roughness
of the upper surface of the bank is relatively small, the resistance of the upper surface of the bank is decreased. Thus,
when a specific subpixel is driven, a large amount of light is emitted from a neighboring subpixel due to current leakage
and is visible to an observer.

[0124] Hereinafter, a method of manufacturing the light-emitting display device according to an example will be de-
scribed with reference to FIGs. 3, 11 and 12.

[0125] FIG. 11 is a process flow chart showing the method of manufacturing the light-emitting display device according
to the first example.

[0126] As illustrated in FIGs. 3 and 11, the method of manufacturing the light-emitting display device according to the
first example includes the following processes.

[0127] A substrate 100 having a plurality of subpixels SP (R_SP, G_SP and B_SP) is prepared (100S). Here, a thin-
film transistor TFT is included in each subpixel SP of the substrate 100, as illustrated in FIG. 3.

[0128] Subsequently, a first electrode 120 is provided in each of the subpixels SP (R_SP, G_SP and B_SP) (110S).
Here, the first electrode 120 is connected to the thin-film transistor TFT.

[0129] A roughness-inducing layer 115 is formed in the region of each of the subpixels SP (R_SP, G_SP and B_SP),
except for the region in which an emission part EM is formed (120S). For example, the roughness-inducing layer 115
may be a silicon oxide film.

[0130] Subsequently, a bank 150 defining the emission part EM is provided in each of the subpixels SP (R_SP, G_SP
and B_SP) so as to cover the roughness-inducing layer 115 (130S). Here, the bank 150 has an upper surface, which
has a larger degree of surface roughness than the upper surface of the first electrode 120. It is presumed that the change
in the roughness of the upper surface of the bank 150 is caused by surface repulsive force between the bank 150 and
the roughness-inducing layer 115, rather than by the physical properties of the bank 150.

[0131] Subsequently, first common layers 131 and 132 are formed over all of the subpixels SP (R_SP, G_SP and
B_SP) so as to cover the first electrode 120 and the bank.

[0132] Subsequently, light-emitting layers 133a and 133b are formed on the first common layer 132 in the emission
part EM of each of the subpixels.

[0133] Subsequently, a second common layer 134 is formed over all of the subpixels SP (R_SP, G_SP and B_SP).
The first common layers 131 and 132, the light-emitting layers 133a and 133b and the second common layer 134
constitute an organic stack 130 (refer to FIG. 3). Unlike the configuration illustrated in FIG. 3, the formation of the organic
stack (140S) may be performed such that a hole transport auxiliary layer and an electron-blocking layer are additionally
provided in a specific subpixel, as illustrated in FIG. 5, or may be performed such that a plurality of stacks is provided
in common in the subpixels in a tandem type without being patterned, as illustrated in FIG. 6.

[0134] Subsequently, a second electrode 140 is formed on the second common layer 134 (1508S).

[0135] Subsequently, asillustrated in FIG. 3, a capping layer 160 may be additionally formed on the second electrode
140, thereby completing the manufacture of the light-emitting display device.

[0136] In some cases, an encapsulation layer or an opposite substrate may be additionally provided on the capping
layer 160.

[0137] The method may further include a step of providing a roughness-inducing layer in the region between adjacent
first electrodes between the step of providing the first electrode and the step of providing the bank.

[0138] The method may further include a step of performing plasma treatment on the upper surface of the bank after
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the step of providing the bank.

[0139] FIG. 12is a process flow chart showing the method of manufacturing the light-emitting display device according
to the second example.

[0140] As illustrated in FIGs. 3 and 12, the method of manufacturing the light-emitting display device according to the
second example includes the following processes.

[0141] A substrate 100 having a plurality of subpixels SP (R_SP, G_SP and B_SP) is prepared (200S). Here, a thin-
film transistor TFT is included in each subpixel SP of the substrate 100, as illustrated in FIG. 3.

[0142] Subsequently, a first electrode 120 is provided in each of the subpixels SP (R_SP, G_SP and B_SP) (210S).
Here, the first electrode 120 is connected to the thin-film transistor TFT.

[0143] A roughness-inducing layer 115 is formed in the region of each of the subpixels SP (R_SP, G_SP and B_SP),
except for the region in which an emission part EM is formed (220S). For example, the roughness-inducing layer 115
may be a silicon oxide film.

[0144] Subsequently, a bank 150 defining the emission part EM is provided in each of the subpixels SP (R_SP, G_SP
and B_SP) so as to cover the roughness-inducing layer 115 (230S). Here, the bank 150 has an upper surface, which
has a larger degree of surface roughness than the upper surface of the first electrode 120. It is presumed that the change
in the roughness of the upper surface of the bank 150 is caused by surface repulsive force between the bank 150 and
the roughness-inducing layer 115, rather than by the physical properties of the bank 150.

[0145] In addition, in the method of manufacturing the light-emitting display device according to the second example,
plasma treatment is performed after forming the bank 150 (240S). At this time, the plasma treatment may be performed
using a mask while opening only the bank, or may be performed on the entire surface without a mask. Here, the surface
roughness of the bank 250 (refer to FIG. 8B) and the surface roughness factor Rq thereof may be increased by using
plasma reaction gas, which does not include oxygen, preferably using only nitrogen gas as the plasma reaction gas. In
this case, even when the plasma treatment is performed without a mask, the change of the surface roughness factor
Rq of the first electrode 120 is slight, and thus the difference in the surface roughness factor Rq between the upper
surface of the first electrode 120 and the upper surface of the bank 250 becomes 1.6 or more. As a result, when a
specific subpixel is driven, the flow of leaked current in the horizontal direction above the bank 150 is greatly reduced,
and thus it is possible to obtain the effects shown in FIG. 9.

[0146] Subsequently, first common layers 131 and 132 are formed over all of the subpixels SP (R_SP, G_SP and
B_SP) so as to cover the first electrode 120 and the bank.

[0147] Subsequently, light-emitting layers 133a and 133b are formed on the first common layer 132 in the emission
part EM of each of the subpixels.

[0148] Subsequently, a second common layer 134 is formed over all of the subpixels SP (R_SP, G_SP and B_SP).
The first common layers 131 and 132, the light-emitting layers 133a and 133b and the second common layer 134
constitute an organic stack 130 (refer to FIG. 3). Unlike the configuration illustrated in FIG. 3, the formation of the organic
stack (250S) may be performed such that a hole transport auxiliary layer and an electron-blocking layer are additionally
provided in a specific subpixel, as illustrated in FIG. 5, or may be performed such that a plurality of stacks is provided
in common in the subpixels in a tandem type without being patterned, as illustrated in FIG. 6.

[0149] Subsequently, a second electrode 140 is formed on the second common layer 134 (260S).

[0150] Inthe method of manufacturing the light-emitting display device according to an example, the difference between
the first example and the second example is plasma surface treatment that is performed after the formation of the bank.
Depending on the embodiment, it is possible to increase the roughness of the upper surface of the bank by performing
the plasma surface treatment (240S) (refer to FIG. 12) without providing a roughness-inducing layer.

[0151] As is apparent from the above description, in the examples, in order form convex and concave portions in the
upper surface of the bank, a roughness-inducing layer is provided under the bank, or surface treatment is performed on
the upper surface of the bank.

[0152] With this configuration, the light-emitting display device and the method of manufacturing the same according
to an example have the following effects.

[0153] First, the roughness of the upper surface of the bank is increased in order to lengthen the route along which
current flows horizontally through common layers disposed above the bank, thereby increasing resistance and thus
preventing current leakage in the horizontal direction. As a result, when a specific subpixel is driven, it is possible to
prevent neighboring subpixels from emitting light due to current leakage.

[0154] Second, in order to cause the change in the roughness of the upper surface of the bank, a roughness-inducing
layer may be provided under the bank, or plasma treatment may be directly applied to the upper surface of the bank.
Alternatively, these two methods may be used at the same time in order to maximize the change in the roughness of
the upper surface of the bank. As a result, the resistance of the upper surface of the bank is greatly increased, thereby
preventing the flow of leaked current in the horizontal direction between adjacent subpixels.

[0155] It will be apparent to those skilled in the art that various modifications and variations can be made in the present
invention without departing from the scope of the invention. Thus, it is intended that the present invention covers the
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modifications and variations of this invention provided they come within the scope of the appended claims.

Claims

1.

10.

11.

A light-emitting display device comprising:

a substrate (100) having a plurality of subpixels (SP);

a first electrode (120) provided in each of the subpixels;

a bank (150) defining an emission part (EM) in each of the subpixels and having an upper surface that has a
larger degree of surface roughness than an upper surface of the first electrode;

a first common layer (131) over the subpixels to cover the first electrode and the bank;

a light-emitting layer (133a) on the first common layer to correspond to the emission part of each of the subpixels;
and

asecond common layer (134) and a second electrode (140) stacked on the light-emitting layer over the subpixels.

The light-emitting display device according to claim 1, further comprising:
aroughness-inducing layer (115) between the first electrode (120) of one of the subpixels (SP) and the first electrode
(120) of an adjacent one of the subpixels (SP), under the bank (150).

The light-emitting display device according to claim 2, wherein the surface roughness of the bank (150) is determined
depending on the surface roughness of the roughness-inducing layer (115).

The light-emitting display device according to any preceding claim, wherein the upper surface of the bank (150) is
plasma-treated.

The light-emitting display device according to claim 2 or 3, wherein the roughness-inducing layer (115) is a silicon
oxide film.

The light-emitting display device according to claim 2 or 3, further comprising:
a silicon nitride film under the roughness-inducing layer (115) and the first electrode (120).

The light-emitting display device according to any preceding claim, wherein the light-emitting layer (133a) extends
to a region on the bank (150).

The light-emitting display device according to any preceding claim, wherein the first common layer (131) comprises
at least one layer of a hole injection layer, a hole transport layer, and an electron-blocking layer, and

wherein the second common layer (134) comprises at least one layer of a hole-blocking layer, an electron transport
layer, and an electron injection layer.

The light-emitting display device according to any preceding claim, wherein an area in which each of the first common
layer (131) and the second common layer (134) overlaps the substrate (100) is larger than an area in which the
light-emitting layer (133a) overlaps the substrate.

The light-emitting display device according to claim 2 or 3, wherein the roughness-inducing layer (115) has a thickness
of 1000 A or more, and
wherein the thickness of the roughness-inducing layer is less than a thickness of the bank (150).

A method of manufacturing a light-emitting display device, the method comprising:

preparing a substrate (100) having a plurality of subpixels (SP);

providing a first electrode (120) in each of the subpixels;

providing a bank (150) to define an emission part in each of the subpixels, wherein the bank has an upper
surface that has a larger degree of surface roughness than an upper surface of the first electrode;

providing a first common layer (131) over the subpixels to cover the first electrode and the bank;

providing a light-emitting layer (133a) on the first common layer to correspond to the emission part of each of
the subpixels;

providing a second common layer (134) on the light-emitting layer over the subpixels; and
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providing a second electrode (140) on the second common layer.
12. The method according to claim 11, further comprising a step of providing a roughness-inducing layer (115) between
the first electrode (120) of one of the subpixels (SP) and the first electrode (120) of an adjacent one of the subpixels

(SP), between the step of the providing the first electrode and the step of the providing the bank (150).

13. The method according to claim 11 or 12, further comprising, a step of performing plasma treatment on the upper
surface of the bank (150) after the step of the providing the bank.

15



EP 3 588 573 A1

FIG. 1

100

DD

DL

VDD

VDDL

Dlm

VDDL

T

¥

DL2

DL

T

Ay —-——it—rr—gr—-——— === —— ATt

!

A

G

First
Direction

)

5P iijso

GD—

Second
Direction

M

16



EP 3 588 573 A1

140
— 1130  OLED
~120.

~-110

—~104

101
~100

A
Y
A
\j
A

4

R_SP B_SP G_SP

17



EP 3 588 573 A1

b
}>130
131

N 120b - 120
120a

L7




EP 3 588 573 A1

FIG. 4

Actual
surface

0

_/
Reference

surface

19



EP 3 588 573 A1

FIG. 5

CPL
Cathode CPL
ETL | Cathode
CPL 160
133~ Red | Tt et a0
FBL | Green | ETL 134
1321 R Blue ~—133b
39— GHTL — & 11333
HTL HTL HTL 132
P-HTL | P-HTL | P-HTL —~131
—~120
RSP GSP BSP

20



EP 3 588 573 A1

ETLT

(6L

20a<




1200a<

1200a<

EP 3 588 573 A1

FIG. 8A

+1200b

~110

115~

»1200b

~110

22



Intensity
0.2-

0.18-
0.16-
0.14+
0.12-

0.1
0.08+
0.06-

0.04+
(L02¢ﬁz§¢/
0_

EP 3 588 573 A1

FIG. 9

— 7 Comparative example
First embodiment
1 Second embodiment

380 430

480 530 580 630 680 730 480

wavelength [nm]

23



EP 3 588 573 A1

FIG. T0A

<—Rq 1.2

GiNX
FIG. 10B

<~—Rqg 1.6

PLN

24



EP 3 588 573 A1

FIG. 10C

-—Rg 1.5

FIG. 10D
-—Rg24

FIG. 10E
-—Rq24

25



EP 3 588 573 A1

FIG.

10F

<—Rq 4.0

Prepare substrate (100S)

!

Fom firstelectrode h each subpixel (110S)

!

Fom roughness-hnducing layer (120S)

Fom bank (130S)

Fom organk

stack (1408)

Y

Fom second e

ectrode (1508)

26




EP 3 588 573 A1

FIG. 12

Prepare substrate 200S)

!

Fom firstelectrode n each subpixel 210S)

v

Fom roughness-hduchg layer 220S)

Fom bank 230S)

vV

Perform plasm a treatm ent 2408S)

Y

Fom organic stack 2508)

y

Fom second electrode 260S)

27




10

15

20

25

30

35

40

45

50

55

EP 3 588 573 A1

9

Européisches
Patentamt

European

patent Office EUROPEAN SEARCH REPORT

Office européen
des brevets

[

EPO FORM 1503 03.82 (P04C01)

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 19 18 3049

Category

Citation of document with indication, where appropriate,
of relevant passages

Relevant
to claim

CLASSIFICATION OF THE
APPLICATION (IPC)

X
Y

US 20067238111 Al (SHIMIZU MASAO [JP] ET
AL) 26 October 2006 (2006-10-26)

* paragraph [0070] - paragraph [0079];
figure 5 *

* paragraph [0084] - paragraph [0095];
figure 6 *

US 2016/155784 Al (PARK SEUNGWON [KR] ET
AL) 2 June 2016 (2016-06-02)

* paragraph [0067]; figure 4 *

* paragraphs [0105] - [0109], [0125] -
paragraph [0130]; figures 6H,61 *

US 2015/060826 Al (MATSUMOTO YUKO [JP] ET
AL) 5 March 2015 (2015-03-05)

* paragraph [0024] - paragraph [0027];
figure 3 *

US 20147175469 Al (DOZEN YOSHITAKA [JP] ET
AL) 26 June 2014 (2014-06-26)

* paragraph [0102]; figures 3A,3B *

JP 2015 053215 A (JAPAN DISPLAY INC)

19 March 2015 (2015-03-19)

* paragraphs [0028], [0029], [0038],
[0041]; figures 6,8 *

US 2014/217372 Al (SHIM WOO SUB [KR] ET
AL) 7 August 2014 (2014-08-07)

* paragraphs [0091], [0092]; figure 8 *
US 2016/190521 Al (LEE HOYOUNG [KR] ET AL)
30 June 2016 (2016-06-30)

* paragraphs [0050], [0051]; figure 6 *
US 2004/108808 Al (KUMAGAI MINORU [JP] ET
AL) 10 June 2004 (2004-06-10)

* paragraphs [0047], [0048], [0055];
figure 5C *

The present search report has been drawn up for all claims

1,4,7,8,
11,13

1,7,8,1]
9

1,9,11

INV.
HO1L27/32
HOLL51/52

TECHNICAL FIELDS
SEARCHED (IPC)

1,9,11

1,9,11

1,9,11

2,12

HOIL

Place of search Date of completion of the search

Munich 26 November 2019

Examiner

Pusch, Catharina

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document

28




EP 3 588 573 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 19 18 3049

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

10

15

20

25

30

35

40

45

50

55

26-11-2019
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2006238111 Al 26-10-2006  JP 4555727 06-10-2010
JP 2006302723 02-11-2006
US 2006238111 26-10-2006
US 2010164377 01-07-2010
US 2016155784 Al 02-06-2016 KR 20160066650 13-06-2016
US 2016155784 02-06-2016
US 2015060826 Al 05-03-2015 JP 6242121 06-12-2017
JP 2015050037 16-03-2015
US 2015060826 05-03-2015
US 2014175469 Al 26-06-2014  CN 103889087 25-06-2014
JP 6124584 10-05-2017
JP 2014123527 03-07-2014
US 2014175469 26-06-2014
JP 2015053215 A 19-03-2015  NONE
US 2014217372 Al 07-08-2014 CN 103972261 06-08-2014
JP 2014154550 25-08-2014
KR 20140100357 14-08-2014
W 201432901 16-08-2014
US 2014217372 07-08-2014
US 2016190521 Al 30-06-2016  CN 105742323 06-07-2016
KR 20160083381 12-07-2016
US 2016190521 30-06-2016
US 2004108808 Al 10-06-2004  CN 1523939 25-08-2004
JP 4306231 29-07-2009
JP 2004171882 17-06-2004
KR 20040044353 28-05-2004
TW 1259988 11-08-2006
US 2004108808 10-06-2004
US 2009220679 03-09-2009

EPO FORM P0459

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82




EP 3 588 573 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

» KR P20180074365 [0001]

30



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)
S 3T H (B FIR) A (F)

FRI& B A

KRN

S EREESE

BEG®)

AAXEREBRHEBESE
EP3588573A1
EP2019183049
FEERERAF

LG DISPLAY CO. , LTD.

LG DISPLAY CO. , LTD.

LIM DONG HYEOK
JEONG SONG YI
HAN KYU IL

LIM, DONG-HYEOK
JEONG, SONG-YI
HAN, KYU-IL

YOO, NAM-SEOK
PARK, YU-RI

HO1L27/32 HO1L51/52

patsnap

AFF ()R 2020-01-01
g H 2019-06-27

HO1L27/3218 HO1L27/322 HO1L51/5246 H01L51/525 HO1L27/3246 HO1L51/5268 HO1L27/3211

HO1L27/3248 H01L27/3276
PUSCH , gLE= 4

1020180074365 2018-06-27 KR

Espacenet

ARFRB|T —FEAXERRERASESE , ZRXEREE AR

IEARBEHEHBE FREPHEHFH BTN,

ERERRES

& BEESANFERENER ; REEBNFERPNE -8R £81
FHERREHLLIHAEDS ; BRN LRENRAEER, HBEEKX
THE-ERNERE , REEFRELFUBEE —BRAERNE—
NHE  REEF-LHABLUNNTENMENIABINEKLE 7
BENE_BRREEF-L/HEL  FoRHABRREEFHRELIH

BHEE,

1o DL bD
6l / 100
\ \ I [
\\ \
~ DLl DL2 Dim
N VBBL w0 |
(R W Sy 9 S ey — i d-
ol o
PR I U R | £ N S
N S
] D ] D I ‘_]T_L}_' N pC
] ] 1 N i 1 N
R O B ,,;l,,\\\\
1 t 1 1 ]
| I 1 i 1 AR
1 i i H i N\
1 | 1 1 1 \
) i | | i I \\
(G Sy SN O —— Ao ]
- T ! T )
GD— i | i 1 | I
i it ot e e it e A
[ — T T T T /

T /7
\ / FFirst
I // / Direction
e Second
SPus -
EM

<
150 Direction


https://share-analytics.zhihuiya.com/view/1cd630bf-5dd1-4d77-bdba-a7d5b2d5db96
https://worldwide.espacenet.com/patent/search/family/067139609/publication/EP3588573A1?q=EP3588573A1

