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ELECTROLUMINESCENT DISPLAY DEVICE
AND METHOD FOR MANUFACTURING
THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims the benefit of Korean Pat-
ent Application No. 10-2018-0174131, filed on Dec. 31,
2018, which is hereby incorporated by reference as if fully
set forth herein.

BACKGROUND

Technical Field

[0002] The present disclosure relates to display device,
and more particularly, to an electroluminescent display
device which includes a lower structure of a bank causing a
highly conductive p-type layer to take on a shape so as to
reduce a leakage current.

Description of the Related Art

[0003] As we have recently entered the information age,
the field of displays which visually display electrical infor-
mation signals has been rapidly developed and, in order to
satisfy such development, various flat display devices hav-
ing excellent performance, which are thin, are lightweight,
have low power consumption, or a combination of these
features, are being developed and rapidly replacing conven-
tional cathode ray tubes (CRTs).

[0004] As examples of flat display devices, there are a
liquid crystal display (LCD), a quantum dot (QD) display, a
field emission display (FED), an organic light emitting diode
(OLED) display, etc.

[0005] Thereamong, in order to achieve compactness and
clear color display without separate light sources, an elec-
troluminescent display device is considered as a competitive
application.

[0006] Such an electroluminescent display device may
include organic light emitting diodes that are independently
driven according to respective subpixels, and each organic
light emitting diode includes an anode, a cathode and a
plurality of organic layers provided between the anode and
the cathode.

[0007] The organic layers include a hole injection layer, a
hole transport layer, an organic emission layer and an
electron transport layer that are sequentially stacked on the
anode. The organic emission layer, in which holes and
electrons are combined, forms excitons that emit light as
energy of the excitons is lowered to a ground state. Other
layers have a function of assisting transport of holes or
electrons to the organic emission layer.

[0008] Further, in the electroluminescent display device,
in order to display colored light, the subpixels are divided
into red, green and blue subpixels, and an organic emission
layer of a color corresponding to each subpixel is formed in
the corresponding subpixel. In general, the organic emission
layer is formed using a deposition method including a
shadow mask.

[0009] The shadow mask is applied to a large-scale dis-
play device. Sagging of the shadow mask occurs due to the
load of the shadow mask and thereby when the shadow mask
is used several times a yield is lowered. Therefore, the
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organic layers, except for the emission layer, are continu-
ously formed in common throughout the respective subpix-
els without disconnection.

[0010] However, due to the common layers provided in
the subpixels, current flows to a side part of the electrolu-
minescent display device through the common layers, which
are planarly continuously provided, may cause side leakage
current. For example, the common layers may include the
hole injection layer, the hole transport layer and the electron
transport layer.

[0011] In the electroluminescent display device including
the organic layers provided in common as the common
layers without distinction of the subpixels, when a blue
subpixel of a low gray scale is turned on, a red subpixel
adjacent thereto is also turned on. That is, an adjacent
subpixel is turned on due to current leaked to the side part
of the electroluminescent display device through the com-
mon layers as well as a vertical electric field between the
anode and the cathode of the turned-on blue subpixel, which
means that an adjacent subpixel may turn on due to this side
leakage when instead the adjacent subpixel should be off.
[0012] Such side leakage current is mainly generated in,
for example, display of a low gray scale. The reason for this
is that current flowing to the organic layers provided in
common due to side leakage current flowing horizontally in
the blue subpixel performs a similar action to turning-on of
an adjacent red subpixel in an off state.

[0013] Driving voltage required to turn on the red subpixel
is lower than driving voltage required to turn on the blue
subpixel. Thus, the driving voltage applied to the blue
subpixel may turn on both the blue subpixels and one or
more adjacent red subpixels even though a weak leakage
current occurs, but the turning-on of the adjacent red sub-
pixels is not desirable.

[0014] For example, color mixture occurs in display of a
low gray scale due to turning-on of other colored subpixels
caused by such side leakage current. Thus, display of a
desired color may not be normally achieved.

BRIEF SUMMARY

[0015] Accordingly, the present disclosure is directed to
an electroluminescent display device and a method for
manufacturing the same that substantially obviate one or
more problems due to limitations and disadvantages of the
related art.

[0016] In various embodiments, the present invention pro-
vides an electroluminescent display device that includes a
lower structure of a bank causing an organic layer to take on
a shape to be in direct contact with a first electrode so as to
reduce a leakage current.

[0017] Additional advantages, objects, and features of the
disclosure 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 disclosure. The
objectives and other advantages of the disclosure may be
realized and attained by the structure particularly pointed out
in the written description and claims hereof as well as the
drawings.

[0018] To achieve these objects and other advantages and
in accordance with the purpose of the disclosure, as embod-
ied and broadly described herein, an electroluminescent
display device includes a substrate having a plurality of
subpixels, a bank located at a boundary between the sub-
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pixels and configured to expose an emission portion (which
may also be referred to herein as an emission part) of each
subpixel, a first electrode provided in each subpixel, a
separation induction layer located between the bank and the
first electrode and configured to vertically space a lower end
of the bank adjacent to the emission part apart from an upper
surface of the first electrode, a p-type layer located on an
upper surface of the bank and the emission part and sepa-
rated at the lower end of the bank, and at least one common
layer provided on the p-type layer.

[0019] The at least one common layer may include a hole
transport layer, an electron transport layer and a second
electrode.

[0020] The electroluminescent display device may further
include at least one organic emission layer disposed between
the hole transport layer and the electron transport layer and
divided according to the respective subpixels.

[0021] The at least one organic emission layer may
include a plurality of organic emission layers, and the
electroluminescent display device may further include a
charge generation layer located between the organic emis-
sion layers.

[0022] The p-type layer on the bank may be spaced apart
and electrically isolated from the first electrode.

[0023] The p-type layer may include 5 wt % or less of a
p-type dopant with respect to a hole transporting material.

[0024] The separation induction layer may be an inorganic
insulating film.
[0025] The inorganic insulating film may include at least

one of SiNx, SiOx, or SiOxNy.

[0026] The separation induction layer may have an edge
corresponding to an edge of the first electrode, in an area
overlapping the bank.

[0027] The separation induction layer may pass between
adjacent first electrodes and overlaps with edges of adjacent
first electrodes, in the area overlapping the bank.

[0028] The electroluminescent display device may further
include a non-display area disposed in an edge area of the
substrate, and the electron transport layer may have an
extension configured to cover at least one side part of the
bank so as to be disposed in an open region of the bank
located in the non-display area.

[0029] The extension of the electron transport layer may
contact with the second electrode in the open region of the
bank, and an extended part of the second electrode from the
electron transport layer may contact with an electrode con-
nection pattern in the open region of the bank.

[0030] The electrode connection patterns may be located
in the same layer as the first electrode.

[0031] An extension of the hole transport layer may be
located inside the extension of the electron transport layer in
the non-display area, and an edge of the extension of the hole
transport layer may not overlap the open region of the bank
in the non-display area.

[0032] A thickness of the separation induction layer may
be 1.2 times to 4 times a thickness of the p-type layer.
[0033] The separation induction layer may be disposed
inside an edge of the lower end of the bank by a width of 100
A or more.

[0034] In another aspect of the present disclosure, a
method for manufacturing an electroluminescent display
device includes forming a first electrode on a substrate,
depositing a separation induction layer forming material on
the substrate including the first electrode, forming a bank by
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applying a bank material on the separation induction layer
forming material and patterning the bank material, and
forming a separation induction layer by selectively remov-
ing the separation induction layer forming material from a
region inside the bank.

[0035] The separation induction layer forming material
may have higher etch selectivity ratio than that of the bank
material.

[0036] It is to be understood that both the foregoing
general description and the following detailed description of
the present disclosure are exemplary and explanatory and
are intended to provide further explanation of the disclosure
as claimed.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0037] The accompanying drawings, which are included
to provide a further understanding of the disclosure and are
incorporated in and constitute a part of this application,
illustrate embodiment(s) of the disclosure and together with
the description serve to explain the principle of the disclo-
sure. In the drawings:

[0038] FIG. 1 is a plan view illustrating an electrolumi-
nescent display device in accordance with the present dis-
closure;

[0039] FIG. 2 is a cross-sectional view illustrating an
electroluminescent display device in accordance with a first
embodiment of the present disclosure;

[0040] FIG. 3 is a flowchart illustrating a method for
manufacturing the electroluminescent display device in
accordance with the first embodiment of the present disclo-
sure;

[0041] FIGS. 4A to 4C are cross-sectional views illustrat-
ing the manufacturing method in accordance with the first
embodiment of the present disclosure;

[0042] FIG. 5 is a cross-sectional view illustrating an
electroluminescent display device in accordance with a
second embodiment of the present disclosure;

[0043] FIGS. 6A to 6C are cross-sectional views illustrat-
ing a method for manufacturing the electroluminescent
display device in accordance with the second embodiment of
the present disclosure;

[0044] FIGS. 7A and 7B are perspective views illustrating
formation states of a p-type layer on a bank in accordance
with a comparative example and a bank in accordance with
one embodiment of the present disclosure, respectively;
[0045] FIG. 8 is a view illustrating a p-type layer depo-
sition process in an electroluminescent display device in
accordance with the present disclosure;

[0046] FIGS. 9A and 9B are views illustrating deposition
states of a p-type layer on central and edge areas of a
substrate, respectively, in an electroluminescent display
device in accordance with a first test example;

[0047] FIGS. 10A and 10B are views illustrating deposi-
tion states of a p-type layer on central and edge areas of a
substrate, respectively, in an electroluminescent display
device in accordance with a second test example;

[0048] FIGS. 11A and 11B are views illustrating deposi-
tion states of a p-type layer on central and edge areas of a
substrate, respectively, in an electroluminescent display
device in accordance with a third test example;

[0049] FIGS. 12A and 12B are views illustrating deposi-
tion states of a p-type layer on central and edge areas of a
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substrate, respectively, in an electroluminescent display
device in accordance with a fourth test example;

[0050] FIG. 13 is a simulated cross-sectional view illus-
trating a formation state of a hole transport layer, after
formation of a separated p-type layer;

[0051] FIG. 14 is a cross-sectional view illustrating con-
nection between an electroluminescent diode and a driving
thin film transistor, in the electroluminescent display device
in accordance with the second embodiment of the present
disclosure;

[0052] FIG. 15 is a cross-sectional view illustrating an
electroluminescent display device in accordance with a third
embodiment of the present disclosure; and

[0053] FIG. 16 is a cross-sectional view illustrating an
electroluminescent display device in accordance with a
fourth embodiment of the present disclosure.

DETAILED DESCRIPTION

[0054] Reference will now be made in detail to the pre-
ferred embodiments of the present disclosure, examples of
which are illustrated in the accompanying drawings. In the
following description of the embodiments, the names of
elements are selected in consideration of ease in preparation
of a specification and may thus differ from the names of
parts of an actual product.

[0055] Shapes, sizes, rates, angles, numbers, etc., dis-
closed in the drawings to describe the embodiments of the
present disclosure are only exemplary and do not limit the
present disclosure. In the following description of the
embodiments and the drawings, the same or similar ele-
ments are denoted by the same reference numerals even
though they are depicted in different drawings. In the
following description of the embodiments of the present
disclosure, a detailed description of known functions and
configurations incorporated herein will be omitted when it
may make the subject matter of the present disclosure rather
unclear. In the following description of the embodiments,
the terms ‘including’, ‘having’, ‘comprising’, etc., will be
interpreted as indicating presence of one or more other
characteristics, numbers, steps, operations, elements or parts
stated in the specification or combinations thereof, and do
not exclude presence of characteristics, numbers, steps,
operations, elements, parts or combinations thereof, or pos-
sibility of adding the same, unless the term ‘only’ is used. It
will be understood that a singular expression includes a
plural expression unless stated otherwise.

[0056] In interpretation of elements included in the vari-
ous embodiments of the present disclosure, it will be inter-
preted that the elements include error ranges even if there is
no clear statement.

[0057] In the following description of the embodiments, it
will be understood that, when positional relations are
expressed, for example, when an element is ‘on’, ‘above’,
‘under’, ‘beside’, etc., another element, the two elements
may directly contact each other, or one or more other
elements may be interposed between the two elements
unless the term ‘immediately’ or ‘directly’ is used.

[0058] In the following description of the embodiments, it
will be understood that, when temporal relations are
expressed, for example, a term expressing a sequence of
events, such as ‘after’, ‘subsequent to’, ‘next to’ or ‘before’
may encompass continuous relationship between the events,
or discontinuous relationship between the events unless the
term ‘immediately’ or ‘directly’ is used.
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[0059] 1In the following description of the embodiments, it
will be understood that, when the terms ‘first’, ‘second’, etc.,
are used to describe various elements, these terms are used
merely to discriminate the same or similar elements. There-
fore, an element modified by the term “first’ may be the same
as an element modified by the term ‘second’ within the
technical scope of the disclosure unless stated otherwise.
[0060] Characteristics of the various embodiments of the
present disclosure may be partially or entirely connected to
or combined with each other and technically variously
driven and interlocked with each other, and the various
embodiments may be independently implemented or be
implemented together in connection with each other.
[0061] FIG. 1 is a plan view illustrating an electrolumi-
nescent display device in accordance with the present dis-
closure.

[0062] As exemplarily shown in FIG. 1, the electrolumi-
nescent display device in accordance with the present dis-
closure may include a substrate 100 having an active area
AA including a plurality of subpixels SP and a non-display
area NA at the outside of the active area, a plurality of first
lines GL1, GL2 and a plurality of second lines DL1, DL.2
intersecting each other in the active area AA, and embedded
gate-in-panel parts GIP1, GIP2 provided at at least one side
of the non-display area NA and conductively connected to
the first lines GL1, GL.2 to sequentially supply a gate driving
signal to the first lines GL1, GL2.

[0063] The subpixels SP are defined as areas formed
between the first lines GL1, GL2 and the second lines DL1,
DL2. The first lines GL1, GL2 and the second lines DL1,
DL2 intersect each other.

[0064] The gate-in-panel parts GIP1, GIP2 are formed to
be connected to a plurality of thin film transistors by wires
together with formation of the thin film transistors 20 in the
substrate 100, and may not require separate driving chips.
[0065] FIG. 1illustrates a state in which the gate-in-panel
parts GIP1, GIP2 are provided at both sides of the non-
display area NA. Such dual-type gate-in-panel parts GIP1,
GIP2 provide the same gate driving signal to the same first
lines GL1, GL2 from both sides thereof, and may reduce
increase in load to the first lines GL, GL2 extending 25 on
the substrate 100 having a large area, as compared to a
structure having a single gate-in-panel part GIP1, GIP2. As
occasion demands, the dual-type gate-in-panel parts GIP1,
GIP2 may be connected to odd-numbered and even-num-
bered first lines GL1, GL2, respectively, so that one of the
dual-type gate-in-panel parts GIP1, GIP2 supplies a gate
signal to the odd-numbered first lines GL1, GL3, etc., and
the other of the dual-type gate-in-panel parts GIP1, GIP2
supplies gate driving voltage to the even-numbered first
lines GL2, GLA4, etc.

[0066] In addition, to the gate-in-panel parts GIP1, GIP2
that are present in the non-display area NA, a plurality of
pads 180 are present in a PAD area of the non-display area
NA. The plurality of pads 180 are coupled to data lines DIL1,
DL2 through electrical connections 191 that extend from the
active area AA to the non-display area NA. The plurality of
pads 180 may be coupled to an external device that provides
a signal to data lines, which is communicated with the
subpixels SP in the active area AA of the substrate 100.
[0067] A gate driver may be embedded in the gate-in-
panel (GIP)-type substrate 100 and may be formed simul-
taneously with a process for forming a thin film transistor
array, as exemplarily shown in FIG. 1, or be formed by
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preparing a separate driver integrated circuit (IC) mounted
on a signal transmission film and connecting the signal
transmission film to the substrate 100 so as to connect the
driver IC to the substrate 100.

[0068] Hereinafter, electroluminescent display devices in
accordance with respective embodiments of the present
disclosure will be described by taking an organic light
emitting display device as an example, but the present
disclosure is not limited thereto.

[0069] FIG. 2 is a cross-sectional view illustrating an
electroluminescent display device in accordance with a first
embodiment of the present disclosure, i.e., illustrating a
boundary between adjacent subpixels.

[0070] As exemplarily shown in FIG. 2, the electrolumi-
nescent display device in accordance with the first embodi-
ment of the present disclosure may include a substrate 100
having a plurality of subpixels, a bank 120 located at a
boundary between the subpixels and configured to expose an
emission part of each subpixel, a first electrode 112 provided
in each subpixel, a separation induction layer 161 located
between the bank 120 and the first electrode 112 and
configured to vertically space the lower end 157 of the bank
120 adjacent to the emission part apart from the upper
surface of the first electrode 112, a p-type layer 131 located
on the surface of the bank 120 and the emission part and
separated at the lower end 157 of the bank 120, and at least
one common layer 132, 143, 150 provided on the p-type
layer 131.

[0071] Here, the ‘common layer’ may be formed in com-
mon at least throughout all the subpixels in an active area
AA, and each common layer is formed in the entirety of the
active area AA and includes an extension extending to the
outside of the active area AA to partially overlap a non-
display area NA.

[0072] The at least one common layer 132, 143, 150 may
include a hole transport layer 132, an electron transport layer
143 and a second electrode 150 provided opposite to the first
electrode 112.

[0073] In addition to the above-described layers, a hole
control layer interposed between the hole transport layer 132
and an emission layer 141, 142 and an electron control layer
interposed between the emission layer 141, 142 and the
electron transport layer 143 may be further provided as
common layers.

[0074] 1In the description of the embodiments of the pres-
ent disclosure, the bank 120 is a pattern provided to define
an area in which the emission layer emits light, for example,
an emission part, and a part not provided with the bank 120
may become the emission part. Further, the bank 120 may be
formed of a material having a different etch selectivity ratio
from the separation induction layer 161 of the present
disclosure, for example, be formed of organic matter, such
as polyimide, without being limited thereto. Further, for
example, the separation induction layer 161 may be formed
of inorganic matter or other insulating materials having a
different etch selectivity ratio from the bank 120.

[0075] The emission layer 141, 142 is provided so as to
correspond to at least the emission part of each subpixel. The
emission layer 141, 142 may be formed by depositing a
luminescent material of a color corresponding to colored
light emitted from each subpixel through a fine metal mask
(FMM) provided with openings. The emission layer 141,
142 between the hole transport layer 132 and the electron
transport layer 143 may be divisionally provided according
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to the respective subpixels. While the common layers
including the hole transport layer 132, the electron transport
layer 143 and the second electrode 150 are formed through
a common mask provided with an opening having a greater
size than the active area AA, the emission layer 141, 142 is
formed through the fine metal mask provided with fine
openings corresponding to the emission parts of designated
subpixels and may divide areas of the subpixels from each
other.

[0076] As another example, a structure in which a plural-
ity of emission layers is stacked may be provided. A plurality
of emission layers which emits light of different colors may
be stacked so as to finally emit white light, or a plurality of
emission layers which emits light of the same color as light
emitted by a corresponding subpixel may be stacked. In
order to optimally combine holes and electrons in each
emission layer, the structure may further include a charge
generation layer or transport layers disposed between the
emission layers 141, 142.

[0077] The p-type layer 131 may include 5 wt % or less of
a p-type dopant with respect to a hole transporting material
and thus be a p-type. The p-type layer 131 may have a
function of a hole injection layer. For example, when current
is applied between the first electrode 121 and the second
electrode 150 and holes flow from the first electrode 112, the
p-type layer 131 may reduce interfacial resistance and
facilitate hole injection at the interface between the first
electrode 112 and the p-type layer 131.

[0078] The p-type layer 131 includes the p-type dopant
having high conductivity and may cause leakage current in
the horizontal direction if the p-type layer 131 is formed in
common in the subpixels without distinction of the subpix-
els. Therefore, in the electroluminescent display device of
the present disclosure, the p-type layer 131 is formed
through a common mask in the same manner as the common
layers, and causes a structure to be formed at a lower portion
of the electroluminescent display device that achieves sepa-
ration and isolation between the subpixels.

[0079] The separation induction layer 161 may induce
separation of the p-type layer 131 between the subpixels,
and be provided under the bank 120. The separation induc-
tion layer 161 is formed of a material having different etch
selectivity ratio from the bank 120. Here, the bank 120 may
be formed of an organic insulating material, such as benzo
cyclo butane (BCB), an acrylic resin or an imide resin, and
the separation induction layer 161 may be an inorganic film.
For example, the separation induction layer 161 may include
at least one of SiNx, SiOx, or SiOxNy, and may be formed
to have a structure including a single layer formed of at least
one material selected from the above group, a plurality of
layers formed of the same material selected from the above
group, or a plurality of layers formed of different materials
selected from the above group. As another example, the
separation induction layer 161 and the bank 120 may be
formed of organic materials having different etch selectivity
ratios. Since the separation induction layer 161 does not
have electrical and optical functions in addition to a function
for area separation of the p-type layer 131 primarily depos-
ited after formation of the bank 120, the separation induction
layer 161 should be deposited to have a small thickness. For
example, the separation induction layer 161 may have a
thickness that is 100 A or less. Further, the separation
induction layer 161 may have a width W2 that is less than
the width W1 of the bank 120. The separation induction
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layer 161 may be formed of an inorganic insulating film that
is easily formed to have the small thickness and has a
different etch selectivity ratio from an organic film.

[0080] The separation induction layer 161 is formed to
have a width less than the width of the lower end of the bank
120 and has an edge area at a point spaced inwardly apart
from the edge of the lower end of the bank 120. Therefore,
positions of the edges of the bank 120 and the separation
induction layer 161 are different, and, thus, a protruding part
of the lower end of the bank 120 relative to the separation
induction layer 161 may be vertically spaced apart from the
first electrode 112. Exposure of the lower end of the bank
120 by etching the separation induction layer 161 disposed
under the bank 120 is referred to as “‘undercut’.

[0081] When a p-type layer forming material is deposited
under the condition that the separation induction layer 161
having a different width from the bank 120 is disposed under
the bank 120, separation of the p-type layer 131 is generated
at a vertically spaced region 159 between the bank 120 and
the first electrode 112.

[0082] An organic light emitting diode (OLED) including
the first electrode 112, the p-type layer 131, the hole trans-
port layer 132, the emission layer 141, 142, the electron
transport layer 143 and the second electrode 150, which are
sequentially deposited in the vertical direction, is provided
in each subpixel.

[0083] In the electroluminescent display device in accor-
dance with the first embodiment of the present disclosure,
the reason for separation of the p-type layer 131 between the
subpixel areas is that the p-type layer 131 includes the p-type
dopant having high conductivity and is disposed adjacent to
the first electrode 112. If the p-type layer 131 is continuously
disposed to be connected throughout the respective subpix-
els without distinction of the subpixels in the same manner
as other common layers, side leakage current between the
first electrodes 122 may be caused by high conductivity of
the p-type layer 131. In order to prevent such a problem, the
p-type layer 131 located on the upper surface of the bank
120 vertically spaced apart from the first electrode 112 and
the p-type layer located on the first electrode 112 are
separated from each other at the lower end of the bank 120.

[0084] The hole transport layer 132 formed subsequent to
the p-type layer 131 may be continuously formed without
distinction of the subpixels. Since the hole transport layer
132 is formed of a pure hole transport material, as compared
to the p-type layer 131, and thus has very low conductivity,
even if the hole transport layer 132 is planarly continuously
formed, the hole transport layer 132 does not cause side
leakage current. Further, the p-type layer 131 has a thickness
of about 500 A or less, for example, 100 A or less, the
separation induction layer 161 has a thickness which is
about half to four times the thickness of the p-type layer 131
so that a vertical distance between the bank 120 and the
upper surface of the first electrode 112 may be at least
greater than the thickness of the p-type layer 131, and
thereby, even if the p-type layer 131 is stacked on the first
electrode 112 during deposition of the p-type layer 131, the
p-type layer 131 on the first electrode 112 may not meet the
p-type layer 131 on the bank 120. For example, a formation
state of the p-type layer 131 according to a height h of the
separation induction layer 161 and a width difference d
between the bank 120 and the separation induction layer 161
will be described below in test examples.
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[0085] Hereinafter, a method for manufacturing the elec-
troluminescent display device in accordance with the present
disclosure, for example, formation of the separation induc-
tion layer, will be described referring to the accompanying
drawings.

[0086] FIG. 3 is a flowchart illustrating a method for
manufacturing the electroluminescent display device in
accordance with the first embodiment of the present disclo-
sure, and FIGS. 4A to 4C are cross-sectional views illus-
trating the manufacturing method in accordance with the
first embodiment of the present disclosure.

[0087] As exemplarily shown in FIG. 3, in the electrolu-
minescent display device in accordance with the first
embodiment of the present disclosure, the first electrode 112
(referring to FIG. 2), the bank 120 and the separation
induction layer 161 are formed in the following order.
[0088] First, as exemplarily shown in FIG. 4A, a first
electrode material 112¢ and a separation induction layer
forming material 1161a, which is an inorganic insulating
film material, are sequentially deposited on the substrate 100
(Operations 100S and 110S).

[0089] Thereafter, as exemplarily shown in FIG. 4B, the
first electrode 112 is formed by selectively removing the first
electrode material 1124 and the separation induction layer
forming material 1161a so as to divide the first electrode
material 112a and the separation induction layer forming
material 1161a according to the respective subpixels (Opera-
tion 1208S). An opening 113 is formed by selectively remov-
ing portions of the first electrode material 112a and the
separation induction layer forming material 1161a, and the
opening may be formed between subpixels SP of the plu-
rality of subpixels SP. During such a process, a separation
induction layer forming material 11615 having the same or
similar width as or to the first electrode 112 remains on the
first electrode 112.

[0090] Thereafter, as exemplarily shown in FIG. 4C, a
bank material which is an organic film material is applied to
the upper surface of the substrate 100 provided with the first
electrode 112 and the separation induction layer forming
material 11615 stacked thereon (Operation 1308), and is
selectively removed to form the bank 120 (Operation 140S).
The bank material has different etch selectivity ratio from
the separation induction layer forming material 11614.
When the bank material is selectively removed, an etching
solution having greater etch selectivity ratio to the separa-
tion induction layer forming material 11615 than the bank
material is used, and thereby, a part of the separation
induction layer forming material 11615 located at the out-
side of the bank 120 is removed and the other part of the
separation induction layer forming material 11615 located
inside the width of the lower end 157 of the bank 120
remains during the etching process. A portion of the sepa-
ration induction layer forming material 11615 may be
removed from between the first electrode and a lower end
157 of the bank 120 forming the vertically spaced region 159
between the bank 120 and the first electrode 112.

[0091] Thereafter, the bank 120 is hardened by heating
process (Operation 1508S).

[0092] In the manufacturing method in accordance with
the present disclosure, the bank 120 is formed due to a
difference in etch selectivity ratio between the bank material
and the separation induction layer forming material, and
thus the separation induction layer 161 may be formed
without addition of a separate mask process.
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[0093] Hereinafter, an electroluminescent display device
in accordance with another embodiment of the present
disclosure will be described.

[0094] FIG. 5 is a cross-sectional view illustrating an
electroluminescent display device in accordance with a
second embodiment of the present disclosure.

[0095] As exemplarily shown in FIG. 5, elements of the
electroluminescent display device in accordance with the
second embodiment are substantially the same as those in
the first embodiment except that a separation induction layer
162 is formed to pass between subpixel areas under a bank
120. The separation induction layer 162 has a width that is
less than a width of the bank 120.

[0096] FIGS. 6A to 6C are cross-sectional views illustrat-
ing a method for manufacturing the electroluminescent
display device in accordance with the second embodiment of
the present disclosure.

[0097] As exemplarily shown in FIGS. 6A to 6C, in the
electroluminescent display device in accordance with the
second embodiment of the present disclosure, the first elec-
trode 112 (referring to FIG. 5), the bank 120 and the
separation induction layer 162 are formed in the following
order.

[0098] First, as exemplarily shown in FIG. 6A, the first
electrode 112 is formed by depositing a first electrode
material 112a on the substrate 100 and selectively removing
the first electrode material 112a. Selectively removing the
first electrode material 112a forms an opening 113 posi-
tioned between first electrodes 112 that will become part of
adjacent subpixels SP.

[0099] Thereafter, as exemplarily shown in FIG. 6B, a
separation induction layer forming material 11624, which is
an inorganic insulating film material, is deposited on the
substrate 100 including the first electrode 112. The separa-
tion induction layer forming material 1162a also fills the
opening 113 positioned between first electrodes that will
become part of adjacent subpixels SP.

[0100] Thereafter, as exemplarily shown in FIG. 6C, the
bank 120 is formed by applying a bank material, which is an
organic film material, to the upper surface of the substrate
100 provided with the first electrode 112 and the separation
induction layer forming material 1162a stacked thereon and
then selectively removing the bank material. The bank
material has different etch selectivity ratio from the separa-
tion induction layer forming material 1162a. When the bank
material is selectively removed, an etching solution having
greater etch selectivity ratio to the separation induction layer
forming material 1162a than the bank material is used, and
thereby, a part of the separation induction layer forming
material 1162a located at the outside of the bank 120 is
removed, the other part of the separation induction layer
forming material 1162« located inside the width of the lower
end of the bank 120 remains and thus forms the separation
induction layer 162 during the etching process. The sepa-
ration induction layer 162 passes through a part of the upper
surface of the substrate 100 not provided with the first
electrode 112 formed thereon, and is formed inside the lower
end of the bank 120 so as to have a constant width difference
with the edge of the lower end of the bank 120.

[0101] Thereafter, the bank 120 is hardened by heating.
[0102] Hereinafter, the electroluminescent display devices
having the above-described separation induction layers 161
and 162 will be examined through test examples. In the
following test examples, the shape of a bank is viewed under
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the condition that a substrate is reversed. This means that,
under the condition that a substrate is located at an upper
portion of a chamber and a crucible and a deposition source
are located at a lower portion of the chamber, a deposition
process is actually carried out by adhering an organic
material evaporated by heat applied from the crucible to the
substrate.

[0103] FIGS. 7A and 7B are perspective views illustrating
formation states of a p-type layer on a bank in accordance
with a comparative example and a bank in accordance with
one embodiment of the present disclosure, respectively.
[0104] As exemplarily shown in FIG. 7A, a bank 20 of the
comparative example is tapered at an acute angle with
respect to the surface of a substrate 10. The bank 20 has a
trapezoidal cross-section.

[0105] In this case, when a p-type layer forming organic
material is deposited on the lower surface of the substrate
10, the p-type layer forming organic material is uniformly
deposited on the surface of the bank 20 and an emission part
not provided with the bank 20, thus forming an organic layer
31

[0106] As exemplarily shown in FIG. 7B, in the electrolu-
minescent display device of the present disclosure, it may be
confirmed that, if the separation induction layer 161 having
a lower width than the bank 120 is formed under the bank
120 so as to be located in a region aligned with a lower end
of the bank 120 and then a p-type layer forming material is
deposited thereon, the p-type layer 131 is formed on the
surface of the bank 120 and the substrate 100 not provided
with the bank 120, but the p-type layer is not formed at a part
of the side surface of the separation induction layer 161.
[0107] FIG. 8 is a view illustrating a p-type layer depo-
sition process in the electroluminescent display device in
accordance with the present disclosure.

[0108] As exemplarily shown in FIG. 8, the p-type layer
131 may be formed by evaporating an organic material
within a deposition source 1310 placed below the substrate
100 by applying heat to the organic material and depositing
the evaporated organic material on the surfaces of the bank
120 and the substrate 100 not provided with the bank 120
through an outlet.

[0109] In the electroluminescent display device in accor-
dance with the present disclosure, an edge of the separation
induction layer 161 is a designated width distance d from the
edge of the lower end of the bank 120 and the separation
induction layer 161 is aligned with the lower end of the bank
120. The lower end of the bank 120 is vertically spaced apart
from the surface of the substrate 100 by a height h of the
separation induction layer 161.

[0110] In such a structure, if the p-type material is depos-
ited to have a thickness t less than the height h of the
separation induction layer 161, the p-type layer 131 may be
separated between the subpixels. For example, the p-type
layer 131 deposited on the surface of the bank 120 and the
p-type layer 131 deposited on the substrate 100 may be
separated from each other.

[0111] Hereinafter, a deposition state of the p-type layer
131 is observed by varying a height h of the separation
induction layer 161a, 1615, 161c, 1614 and a width differ-
ence d between the separation induction layer 161a, 1615,
161c, 1614 and the bank 120 at one side of the separation
induction layer 161a, 1615, 161c, 161d through tests. In
each test, the p-type layer 131 is formed to have a target
thickness of 80 A. An injection angle of the p-type material
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from the deposition source 1310 with respect to the edge
area of the substrate 100 is less than the injection angle with
respect to the central area of the substrate 100, and thus, in
each test example, the p-type material may be deposited
close to the separation induction layer 161 under the bank
120 and the p-type layer 131 may have a large thickness. In
the test examples, both the central and edge areas of the
substrate 100 are represented so as to check the deposition
state of the entirety of the substrate 100 in which a plurality
of subpixels is disposed during the same process, deposition
characteristics of the subpixels is close to deposition char-
acteristics of the central area of the substrate 100, and
deposition characteristics of the edge area of the substrate
100 correspond to deposition characteristics of the worst
region of the substrate 100.

[0112] Further, the bank 120 in each test example may
have a side surface inclined at an angle of 51' with the
surface of the substrate 100, without being limited thereto.
Also, in other alternative embodiments, the bank 120 may
have a side surface at any inclined angle as desired.

[0113] FIGS. 9A and 9B are views illustrating deposition
states of a p-type layer on central and edge areas of a
substrate, respectively, in an electroluminescent display
device in accordance with a first test example.

[0114] In the first test example, a height h of a separation
induction layer 161z is 100 A, and a width difference d
between an edge of the separation induction layer 161a and
an edge of the bank 120 is 100 A. In this case, as exemplarily
shown in FIG. 9A, in the central area of the substrate 100,
a p-type layer 131a on the surface of the substrate 100 is
formed to have a thickness of about 69 A, and the p-type
layer 1314 on the surface of the bank 120 is formed to have
a thickness of about 53 A. Further, it may be confirmed that
a distance between the p-type layer 131a on the substrate
100 and the p-type layer 131a on the bank 120 at the lower
end of the edge of the bank 120 is 66 A, and thus, the p-type
layer 131a on the substrate 100 and the p-type layer 131a on
the bank 120 are separated 15 from each other. As exem-
plarily shown in FIG. 9B, it may be confirmed that an
injection angle of a p-type material with respect to the edge
area of the substrate 100 is lower than the injection angle
with respect to the central area of the substrate 100 in the
first test example, and thus, the p-type material is deeply
supplied close to the separation induction layer 161a and an
area under the bank 120. It may be confirmed that, in the
edge area of the substrate 100, the p-type layer 131a on the
surface of the substrate 100 is formed to have a greater
thickness of about 81 A than the thickness of the p-type layer
131a formed in the central area of the substrate 100, and the
p-type layer 131a is formed on the entire side surface of the
separation induction layer 161a. It may be confirmed that the
p-type layer 131a on the side surface of the separation
induction layer 161a is formed to have a thickness of 6 A.
It may be confirmed that a distance between the p-type layer
131a on the substrate 100 and the p-type layer 131a on the
side surface of the bank 120 is about 46 A and thus the
p-type layer 131a on the substrate 100 and the p-type layer
131a on the bank 120 in the edge area of the substrate 100
are separated from each other.

[0115] FIGS. 10A and 10B are views illustrating deposi-
tion states of a p-type layer on central and edge areas of a
substrate, respectively, in an electroluminescent display
device in accordance with a second test example.
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[0116] In the second test example, a height h of a sepa-
ration induction layer 1615 is 500 A, and a width difference
d between the separation induction layer 1615 and one side
of the bank 120 is 100 A. In this case, as exemplarily shown
in FIG. 10A, in the central area of the substrate 100, a p-type
layer 1315 on the surface of the substrate 100 is formed to
have a thickness of about 80 A, and the p-type layer 1315 on
the surface of the bank 120 is formed to have a thickness of
about 50 A. Further, it may be confirmed that a distance
between the p-type layer 1315 on the substrate 100 and the
p-type layer 1315 on the bank 120 at the lower end of the
edge of the bank 120 is 88 A and thus the p-type laver 1315
on the substrate 100 and the p-type layer 1315 on the bank
120 are separated from each other. As exemplarily shown in
FIG. 10B, an injection angle of a p-type material with
respect to the edge area of the substrate 100 is lower than the
injection angle with respect to the central area of the
substrate 100 in the second test example, and thus the p-type
material is deeply supplied close to the separation induction
layer 1615 and the p-type layer 1315 is formed on the entire
side surface of the separation induction layer 1615. How-
ever, in this case, the thickness of the separation induction
layer 1615 is large, and the p-type layer 1315 deposited on
the surface of the substrate 100 in the edge area of the
substrate 100 is formed to have a thickness of about 79 A,
which is less than a thickness of the p-type layer 131a on the
surface of the substrate 100 in the edge area of the substrate
in the first test example. The p-type layer 1315 on the side
surface of the separation induction layer 1615 is formed to
have a thickness of 20 A. In this case, it may be confirmed
that a distance between the p-type layer 131a on the side
surface of the separation induction layer 1615 on the sub-
strate 100 and the p-type layer 131a on the side surface of
the bank 120 is about 80 A, and thus, the p-type laver 131a
on the substrate 100 and the p-type layer 131¢ on the bank
120 in the edge area of the substrate 100 are separated from
each other.

[0117] FIGS. 11A and 11B are views illustrating deposi-
tion states of a p-type layer on central and edge areas of a
substrate, respectively, in an electroluminescent display
device in accordance with a third test example.

[0118] In the third test example, a height h of a separation
induction layer 161¢ is 100 A, and a width difference d
between the separation induction layer 161¢ and one side of
the bank 120 is 300 A. In this case, as exemplarily shown in
FIG. 11A, in the central area of the substrate 100, a p-type
layer 131c¢ on the surface of the substrate 100 is formed to
have a thickness of about 62 A, and the p-type layer 131¢ on
the surface of the bank 120 is formed to have a thickness of
about 52 A. Further, it may be confirmed that a distance
between the p-type layer 131¢ on the substrate 100 and the
p-type layer 131¢ on the bank 120 at the lower end of the
edge of the bank 120 is 67 A, and thus, the p-type layer 131¢
on the substrate 100 and the p-type layer 131¢ on the bank
120 are separated from each other. As exemplarily shown in
FIG. 11B, an injection angle of a p-type material with
respect to the edge area of the substrate 100 is lower than the
injection angle with respect to the central area of the
substrate 100 in the third test example, and thus, it may be
confirmed that a p-type material is deeply supplied close to
the separation induction layer 161¢ and the p-type layer
131c on the surface of the substrate 100 in the edge area of
the substrate 100 is formed to have a thickness of 82 A
which is greater than that of the p-type layer 131c on the
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surface of the substrate 100 in the central area of the
substrate 100. However, coverage of the side surface of the
separation induction layer 161¢ by the p-type material is
minimal, as compared to the first and second test examples,
and thus, the p-type layer 131¢ is not formed on or does not
cover the entire the side surface of the separation induction
layer 161c. In this case, it may be confirmed that a distance
between the p-type layer 131¢ on the surface of the substrate
100 and the p-type layer 131c¢ on the side surface of the bank
120 is about 45 A and thus the p-type layer 131a on the
substrate 100 and the p-type layer 131¢ on the bank 120 in
the edge area of the substrate 100 are separated from each
other.

[0119] FIGS. 12A and 12B are views illustrating deposi-
tion states of a p-type layer on central and edge areas of a
substrate, respectively, in an electroluminescent display
device in accordance with a fourth test example.

[0120] In the fourth test example, a height h of a separa-
tion induction layer 1614 is 300 A, and a width difference d
between the separation induction layer 1614 and one side of
the bank 120 is 300 A. In this case, as exemplarily shown in
FIG. 12A, in the central area of the substrate 100, a p-type
layer 131d on the surface of the substrate 100 is formed to
have a thickness of about 77 A, and the p-type layer 1314 on
the surface of the bank 120 is formed to have a thickness of
about 55 A. Further, it may be confirmed that a distance
between the p-type layer 1314 on the substrate 100 and the
p-type layer 131d on the bank 120 at the lower end of the
edge of the bank 120 is 270 A, and thus, the p-type layer
1314 on the substrate 100 and the p-type layer 1314 on the
bank 120 are separated from each other. In the central area
of the substrate 100, the p-type layer 1314 on a part of the
side surface of the separation induction layer 1614 is formed
to have a thickness of about 3 A, which is i of the total
thickness of the separation induction layer 161d, and is not
connected to the p-type layer 131d formed on the bank 120.
As exemplarily shown in FIG. 12B, an injection angle of a
p-type material with respect to the edge area of the substrate
100 is less than the injection angle with respect to the central
area of the substrate 100 in the fourth test example, and thus,
the p-type material is supplied close to the separation
induction layer 1614 and the p-type layer 1314 on the
surface of the substrate 100 in the edge area of the substrate
100 is formed to have a thickness of 80 A, which is greater
than that of the p-type layer 131d on the surface of the
substrate 100 in the central area of the substrate 100. Further,
the p-type layer 131d is deposited on a part of the side
surface of the separation induction layer 1614 so as to have
a thickness of about 3 A. In this case, it may be confirmed
that a distance between the p-type layer 1314 on the sub-
strate 100 and the p-type layer 131d on the side surface of
the bank 120 is about 258 A, and thus, the p-type layer 1314
on the substrate 100 and the p-type layer 1314 on the bank
120 in the edge area of the substrate 100 are separated from
each other.

[0121] Through the above test examples, it may be con-
firmed that the separation induction layers 1614, 1615, 161c,
161d are formed inside the edge of the lower end of the bank
120 and have a thickness greater than thicknesses of the
corresponding p-type layers 131a, 1315, 131¢, 131d to be
formed, and thus, the p-type layers 131a, 1315, 131c, 1314
are separated at the edge of the lower end of the bank 120.
It may be understood that, when the thickness of the
separation induction layer 161 is about 1.2 times or more
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that of the p-type layer 131, the p-type layer 131 may be
separated at the edge of the lower end of the bank 120. The
thickness of the separation induction layer 161 is set to about
4 times or less that of the p-type layer 131. The reason why
the thickness of the separation induction layer 161 is set to
about 4 times or less than that of the p-type layer 131 is that,
when the separation induction layer 161 becomes thick, the
p-type layer 131 may be theoretically separated but, if the
separation induction layer 161 remains on the substrate 100,
the separation induction layer 161 does not have an optical
or electrical function, and thus, has a thickness of a desig-
nated value or less. The total thickness of the separation
induction layer 161 may be 500 A or less, without being
limited thereto and may be any other thickness as desired.

[0122] The above-described substrate 100 in accordance
with the present disclosure includes thin film transistors
formed at the lower portion thereof. For example, a con-
figuration of an electroluminescent display device including
thin film transistors will be described below.

[0123] First, shapes of common layers formed after for-
mation of the p-type layer separated according to the sub-
pixels of the present disclosure will be described.

[0124] FIG. 13 is a simulated cross-sectional view illus-
trating a formation state of a hole transport layer, after
formation of a separated p-type layer.

[0125] In a structure in which a height h of the separation
induction layer 161 is 100 A and a width difference d
between the separation induction layer 161 and one side of
the bank 120 is 100 A, as in the above-described first test
example, connection of the hole transport layer after forma-
tion of the separated p-type layer will be described.

[0126] Although the thickness of the p-type layer 131
formed on the surface of the substrate 100 is varied, there is
a thickness deviation of the p-type layer 131, and it may be
confirmed that, when a hole transport layer 132 is formed to
have a thickness of about 150 A or more, connection of a
hole transporting material even at the lower end of the bank
120 is possible.

[0127] The hole transport layer 132 is formed to have a
thickness which is about 3 times or more that of the p-type
layer 131 so as to have a function of transporting holes to an
emission layer. In the illustrated example, the p-type layer
131 is formed to have a target thickness of 80 A, and the hole
transport layer 132 is formed to have a target thickness of
220 A. It may be confirmed that, although the separation
induction layer 162 is formed at the lower end of the bank
120 so as to have a width difference with the bank 120, the
hole transport layer 132 is continuously formed on the
separated p-type layer 131 so that the hole transport layer
132 deposited on the corner of the lower end of the bank
120, for example, on the surface of the substrate 100, and the
hole transport layer 132 deposited on the side surface of the
bank 120 located on the substrate 100 are connected.

[0128] Therethrough, it may be confirmed that a common
layer not causing side leakage current other than the p-type
layer 131, for example, the hole transport layer 132, may be
formed in the active area of the substrate 100 without
disconnection.

[0129] FIG. 14 is a cross-sectional view illustrating con-
nection between an organic light emitting diode and a
driving thin film transistor, in the electroluminescent display
device in accordance with the second embodiment of the
present disclosure.
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[0130] The organic light emitting diode (OLED) is con-
nected to the driving thin film transistor T2 130 located at
the lower portion of the substrate 100.

[0131] The substrate 100 including a plurality of thin film
transistors necessary to drive the driving thin film transistor
T2 and the organic light emitting diode (OLED) is referred
to as a thin film transistor array substrate.

[0132] As exemplarily shown in FIG. 14, the driving thin
film transistor T2 130 includes a gate electrode 102 located
in a designated region on a base material 111, a gate
insulating film 103 configured to cover the gate electrode
102, a semiconductor layer 134 provided on the gate insu-
lating film 103 to overlap the gate electrode 102, and a
source electrode 136 and a drain electrode 138 connected to
both sides of the semiconductor layer 134.

[0133] The semiconductor layer 134 may be formed of,
for example, amorphous silicon, polysilicon, an oxide semi-
conductor, or the like, and be provided by stacking different
kinds of semiconductor layers.

[0134] An interlayer insulating film 114 may be provided
between the semiconductor layer 134 and the source and
drain electrodes 136 and 138, except for connection parts.

[0135] An inorganic protective film 116 and a planariza-
tion film 118 are formed to cover the driving thin film
transistor T2 130, and connection holes connected to the first
electrode 112 of the organic light emitting diode (OLED)
may be provided by exposing a designated part of the drain
electrode 138 by selectively removing the planarization film
118 and the inorganic protective film 116.

[0136] The organic light emitting diode (OLED) of FIG.
14 has the shape described in the second embodiment of the
present disclosure shown in FIG. 5 and a detailed description
thereof will thus be omitted. The separation induction layer
162 partially fills a space between adjacent first electrodes
112, for example, between adjacent subpixels. In other
words, as shown in F1G. 14, electrodes 112 of the sub pixels
are separated by a space. The separation induction layer 162
is disposed on both of the adjacent subpixels and in the
space. As such, the separation induction layer 162 extends
along a first electrode 112, the space, and a second electrode
112.

[0137] As another example, the organic light emitting
diode (OLED) connected to the driving thin film transistor
130(T2) may have the shape described in the first embodi-
ment of the present disclosure shown in FIG. 2. For
example, the separation induction layer 161 may be located
between the bank 120 and the first electrode 112 and
configured to vertically space the lower end 157 of the bank
120 from the upper surface of the first electrode 112, a p-type
layer 131 on the surface of the bank 120 and the emission
part. In this embodiment, the separation induction layer 161
is separated at the lower end 157 of the bank 120, and at least
one common layer 132, 143, 150 provided on the p-type
layer 131. In other words, the separation induction layer 161
has a first portion disposed on a first one of the electrodes
112 and a second portion disposed on a second, adjacent one
of the electrodes 112, with the bank 120 extending into the
space between the electrodes 112 to contact the substrate
100, as shown in FIG. 2. Both the first and second embodi-
ments may have separation effects of the p-type layer 131.
[0138] FIG. 15 is a cross-sectional view illustrating an
electroluminescent display device in accordance with a third
embodiment of the present disclosure.
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[0139] FIG. 15 illustrates a cross-sectional view passing a
gate-in-panel (GIP) part at the outside of the active area AA
of FIG. 1.

[0140] The electroluminescent display device in accor-
dance with the third embodiment of the present disclosure is
considered to prevent short circuit of an upper electrode, for
example, a second electrode 250q, in a structure in which a
separation induction layer 261 is provided under a bank 220
so as to be located inside the edge of the lower end of the
bank 220 even in an edge area of a substrate.

[0141] Inthe edge area of the substrate, for example, in the
non-display area NA, a hole transport layer 132, an electron
transport layer 143 and an edge part of the second electrode
250a, which are formed in common, may be disposed. Each
of the hole transport layer 132, the electron transport layer
143 and the second electrode 2504, which are sequentially
provided in common on organic light emitting diodes
(OLED) in the active area, is formed by depositing a
corresponding organic material using a common mask pro-
vided with an opening corresponding to the entirety of the
active area AA and some parts of the non-display area NA.
The second electrode 2504 which is connected to a lower
wiring in the non-display area NA to receive a VSS signal
protrudes to the outermost part of the non-display area NA,
the electron transport layer 143 connected to the second
electrode 250qa is formed to have a smaller size than the
second electrode 2504, and the hole transport layer 132 is
formed to have a smaller size than the electron transport
layer 143. In order to prevent the hole transport layer 132
from directly meeting the second electrode 250¢ in the
non-display area NA, an opening 1430 of the common mask
to form the electron transport layer (ETL) 143 may have a
greater size than an opening 1320 of the common mask to
form the hole transport layer (HTL) 132. An opening 1500
of the common mask to form the second electrode (Cathode)
250a has a greater size than the opening 1430 of the
common mask to form the electron transport layer 143.

[0142] As exemplarily shown in FIG. 15, in the electrolu-
minescent display device in accordance with the third
embodiment of the present disclosure, in order to prevent
short circuit of the second electrode 250a deposited on the
substrate, the opening 1430 of the common mask to form the
electron transport layer 143 may be set so that an extension
of the electron transport layer 143 is provided within a bank
hole via the side surface of the bank 220. Here, the second
electrode 2505 located close to a pad electrode 2420 is not
directly connected to an electrode connection pattern 212
within the bank hole by a separation induction layer 261
provided within the bank hole. But the second electrode
250¢ formed to cover the electron transport layer 143 at the
other side of the bank 220 is directly connected to the
electron connection pattern 212, the second electrode 2504
and the pad electrode 2420 may be electrically connected.
Therefore, a signal is applied to the second electrode 2504
by the electrode connection pattern 212. Since the second
electrode 2504 is protruding to cover the electron transport
layer 143, contact between the hole transport layer 132
having high interfacial resistance and the second electrode
250a may be prevented, the second electrode 250a may be
stably deposited while covering the electron transport layer
143 having a gentle side part, and electrical stability of the
display device may be reinforced. In this case, the extension
of the electron transport layer 143 contacts with the second
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electrode 250q, in the bank hole, and a protruded part of the
second electrode 250a directly contacts with the electrode
connection pattern 212.

[0143] The second electrode 250a may have electron
connection patterns 212, 213 and 214 located in the same
layer as the first electrode 112 (Please see FIGS. 1 and 2. The
first electrode 112 may be provided in each sub-pixel of
Active Area AA) and thus be connected to the second
electrode 2504, and some of the electron connection patterns
212, 213 and 214, for example, the electron connection
pattern 214, may be connected to a source/drain metal
wiring 163 provided thereunder to apply a VSS signal.
[0144] In the gate-in-panel (GIP) part, a plurality of gate
metal patterns 171, which are spaced apart from each other,
are patterned in the same layer as first lines GL, and a
plurality of first source/drain metal patterns 241, which are
spaced apart from each other, are patterned in the same layer
as second lines DL.

[0145] At the end of the non-display area, first pad elec-
trodes 241a are provided in the same layer as the first
source/drain metal patterns 241, second pad electrodes 242a
are provided in the same layer as second source/drain metal
patterns 242, 163. The metal patterns 242, 163 may be
disposed between an interlayer insulating layer 110a and
another interlayer insulating layer 1105 (which may be
collectively referred to as an interlayer insulating structure
110) so as to be connected to the first pad electrodes 241a,
third pad electrodes 212¢ are provided in the same layer as
the first electrode 112 and the electrode connection pattern
212, 213 and 214, and the first, second and third pad
electrodes 241a, 242q and 212a are connected to form the
pad electrodes 2420 to which a ground signal or a VSS
signal is applied.

[0146] The electroluminescent display device in accor-
dance with the third embodiment of the present disclosure
includes the separation induction layer 261 provided inside
the lower end of the bank 220 in the non-display area, and
allows the electron transport layer 143 to contact the side
wall of the bank 220 and be formed at a part of the lower
surface of the bank 220 at least in the non-display area, in
order to prevent short circuit of the second electrode 2505 of
upper layers by vertical spacing between the electrode
connection pattern 212 and the bank 220, thereby allowing
the second electrode 250a subsequently formed to stably
meet the electrode connection pattern 212 under the bank
hole via the gentle electron transport layer 143 and conduc-
tively connecting the second electrode 250q to the first pad
electrode 241a through the first source/drain metal patterns
241 via the electrode connection patterns 213, 214 provided
in the same layer as the electrode connection pattern 212.
[0147] In this case the bank hole provided in the non-
display area may overlap the opening 1430 of the common
mask to form the electron transport layer 143.

[0148] FIG. 16 is a cross-sectional view illustrating an
electroluminescent display device in accordance with a
fourth embodiment of the present disclosure.

[0149] As exemplarily shown in FIG. 16, a separation
induction layer is not formed under a bank 220 located in a
non-display area, the bank 220 has an acute angle with the
surface of the flat surface of a substrate, and thus a second
electrode 150 is continuously formed on the surface of the
bank 220 without disconnection in a bank hole. If the bank
220 has the acute angle, the bank 220 may have a regular
tapered shape.
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[0150] In this case, the second electrode 150 is connected
to other elements around the bank 220 through electrode
connection patterns 213 and is finally connected to a pad
electrode 2420, and thus an opening 2430 of a common
mask to form an electron transport layer 243 may be formed
regardless of the position of the bank hole in the non-display
area. For example, the bank hole and the opening 2430 of the
common mask to form the electron transport layer 243 may
be spaced apart from each other, as exemplarily shown in
this figure, and, in this case, the second electrode 150 may
stably receive a VSS signal through the pad electrode 2420
and a source/drain metal wiring 163 connected to the pad
electrode 2420 to apply the VSS signal.

[0151] Itis to be noted that although the present disclosure
describes embodiments of the electroluminescent display
device by using an organic light emitting display device as
an example, but the present disclosure is not limited thereto.
For example, the electroluminescent display device may be
one of an inorganic light emitting display device, a micro-
LED display device, a quantum-dot display device, and so
on, in which the embodiments of the present disclosure may
be similarly applied.

[0152] An electroluminescent display device in accor-
dance with the present disclosure further includes a separa-
tion induction layer provided under a bank to be disposed
inside the lower end of the bank, and thus separates a p-type
layer formed to contact a first electrode into a part of the
p-type layer formed on the first electrode and a part of the
p-type layer formed on the bank due to the shape of the
separation induction layer, thereby causing separation of the
p-type layer between respective subpixels. Such separation
of the p-type layer may be acquired by the separation
induction layer which is formed inside the edge of the bank
and has a related thickness with a target thickness of the
p-type layer.

[0153] Further, the p-type layer formed of a material
having high conductivity is separated between subpixels,
and thus, formation of the p-type layer causing leakage
current as a common layer may be carried out without
change of a deposition mask. That is, turning-on of an
adjacent pixel in a low luminance state is prevented due to
prevention of leakage current, and thus, visibility may be
improved.

[0154] Further, the electroluminescent display device may
lower driving voltage through separation of a layer, causing
leakage current, between the subpixels, and employ an
emission layer driven at a low voltage.

[0155] Side leakage current may not be caused even if the
concentration of a p-type dopant is increased, and element
characteristics may be improved and thus the lifespan of the
electroluminescent display device may be enhanced. Par-
ticularly, a material having a low threshold voltage but an
enhanced lifespan may be applied to a hole transport layer,
an auxiliary hole transport layer or the emission layer, and
thus, the lifespan of the electroluminescent display device
may be remarkably enhanced.

[0156] Interfacial bonding characteristics between the first
electrode and the p-type layer may be improved by cleaning
the first electrode before or after formation of the separation
induction layer, point defects may be reduced, and the
lifespan of the electroluminescent display device may be
remarkably enhanced.

[0157] An electroluminescent display device in accor-
dance with one embodiment of the present disclosure may



US 2020/0212144 Al

include a substrate having a plurality of subpixels, a bank
located at a boundary between the subpixels and configured
to expose an emission part of each subpixel, a first electrode
provided in each subpixel, a separation induction layer
located between the bank and the first electrode and con-
figured to vertically space the lower end of the bank adjacent
to the emission part apart from the upper surface of the first
electrode, a p-type layer located on the upper surface of the
bank and the emission part and separated at the lower end of
the bank, and at least one common layer provided on the
p-type layer.

[0158] In accordance with the embodiment of the present
disclosure, the at least one common layer may include a hole
transport layer, an electron transport layer and a second
electrode.

[0159] The electroluminescent display device in accor-
dance with the embodiment of the present disclosure may
further include at least one organic emission layer disposed
between the hole transport layer and the electron transport
layer and divided according to the respective subpixels.
[0160] In accordance with the embodiment of the present
disclosure, the at least one organic emission layer may
include a plurality of organic emission layers, and the
electroluminescent display device may further include a
charge generation layer located between the organic emis-
sion layers.

[0161] In accordance with the embodiment of the present
disclosure, the p-type layer on the bank may be spaced apart
and electrically isolated from the first electrode.

[0162] In accordance with the embodiment of the present
disclosure, the p-type layer may include 5 wt % or less of a
p-type dopant with respect to a hole transporting material.
[0163] In accordance with the embodiment of the present
disclosure, the separation induction layer may be an inor-
ganic insulating film.

[0164] In accordance with the embodiment of the present
disclosure, the inorganic insulating film may include at least
one of SiNx, SiOx, or SiOxNy.

[0165] In accordance with the embodiment of the present
disclosure, the separation induction layer may have an edge
corresponding to an edge of the first electrode, in an area
overlapping the bank.

[0166] In accordance with the embodiment of the present
disclosure, the separation induction layer may pass between
adjacent first electrodes and overlap with edges of the
adjacent first electrodes, in the area overlapping the bank.
[0167] In accordance with the embodiment of the present
disclosure, the electroluminescent display device may fur-
ther include a non-display area NA disposed in an edge area
of the substrate, and the electron transport layer may have an
extension configured to cover at least one side part of the
bank so as to be disposed in an open region of the bank
located in the non-display area.

[0168] In accordance with the embodiment of the present
disclosure, the extension of the electron transport layer may
contact with the second electrode in the open region of the
bank. And a protruded part of the second electrode from the
electron transport layer may contact with an electrode con-
nection pattern.

[0169] In accordance with the embodiment of the present
disclosure, the electrode connection pattern may be located
in the same layer as the first electrode.

[0170] In accordance with the embodiment of the present
disclosure, an extension of the hole transport layer is located
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inside the extension of the electron transport layer in the
non-display area, and the edge of the extension of the hole
transport layer does not overlap the open region of the bank
in the non-display area.

[0171] In accordance with the embodiment of the present
disclosure, a thickness of the separation induction layer may
be 1.2 times to 4 times a thickness of the p-type layer.
[0172] In accordance with the embodiment of the present
disclosure, the separation induction layer may be disposed
inside the edge of the lower end of the bank by a width of
100 A or more.

[0173] A method for manufacturing an electroluminescent
display device in accordance with one embodiment of the
preset disclosure includes forming a first electrode on a
substrate, depositing a separation induction layer forming
material on the substrate including the first electrode, form-
ing a bank by applying a bank material to the separation
induction layer forming material and patterning the bank
material, and forming a separation induction layer by selec-
tively removing the separation induction layer forming
material from a region inside the bank.

[0174] In accordance with the embodiment of the present
disclosure, the separation induction layer forming material
may have higher etch selectivity ratio than the bank material.
[0175] As apparent from the above description, an elec-
troluminescent display device in accordance with the present
disclosure further includes a separation induction layer
provided under a bank to be disposed inside the lower end
of the bank, and thus separates a p-type layer formed to
contact a first electrode into a part of the p-type layer formed
on the first electrode and a part of the p-type layer formed
on the bank due to the shape of the separation induction
layer, thereby preventing leakage current.

[0176] The electroluminescent display device in accor-
dance with the present disclosure separates the p-type layer
formed of a material having high conductivity between
subpixels and may thus prevent leakage current and turning-
on of an adjacent subpixel in a low luminance state due to
prevention of leakage current, thereby improving visibility.
[0177] The electroluminescent display device in accor-
dance with the present disclosure may lower driving voltage
through separation of a layer, causing leakage current,
between the subpixels and employ an emission layer driven
at a low voltage, and thus a display device driven at a low
voltage may be provided.

[0178] The electroluminescent display device in accor-
dance with the present disclosure may prevent leakage
current even if the concentration of a p-type dopant is
increased, and thus have improved element characteristics
and an enhanced lifespan.

[0179] The electroluminescent display device in accor-
dance with the present disclosure may improve interfacial
bonding characteristics between the first electrode and the
p-type layer due to cleaning of the first electrode before or
after formation of the separation induction layer, and may
thus reduce defects and have an enhanced lifespan.

[0180] 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 disclosure. Thus, it is intended that the present
disclosure covers the modifications and variations of this
disclosure provided they come within the scope of the
appended claims and their equivalents.
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[0181] The various embodiments described above can be
combined to provide further embodiments. These and other
changes can be made to the embodiments in light of the
above-detailed description. In general, in the following
claims, the terms used should not be construed to limit the
claims to the specific embodiments disclosed in the speci-
fication and the claims, but should be construed to include
all possible embodiments along with the full scope of
equivalents to which such claims are entitled. Accordingly,
the claims are not limited by the disclosure.

1. An electroluminescent display device, comprising:

a substrate having a plurality of subpixels;

a bank located at a boundary between the subpixels and
configured to expose an emission part of each subpixel;

a first electrode in each subpixel;

a separation induction layer between the bank and the first
electrode and configured to vertically space a lower end
of the bank adjacent to the emission part from an upper
surface of the first electrode;

a first portion of a p-type layer is on an upper surface of
the bank and a second portion of the p-type layer is on
the emission part, the first portion of the p-type layer is
separated from the second portion of the p-type layer at
the lower end of the bank; and

at least one common layer on the p-type layer.

2. The electroluminescent display device according to
claim 1, wherein the at least one common layer comprises a
hole transport layer, an electron transport layer and a second
electrode.

3. The electroluminescent display device according to
claim 2, further comprising at least one organic emission
layer disposed between the hole transport layer and the
electron transport layer, the at least one organic emission
layer is divided according to the respective subpixels.

4. The electroluminescent display device according to
claim 3, wherein:

the at least one organic emission layer comprises a
plurality of organic emission layers; and

the electroluminescent display device further comprises a
charge generation layer between the organic emission
layers.

5. The electroluminescent display device according to
claim 1, wherein the first portion of the p-type layer on the
bank is spaced apart and electrically isolated from the first
electrode.

6. The electroluminescent display device according to
claim 1, wherein the p-type layer contains 5% by weight or
less of a p-type dopant in a hole transporting material.

7. The electroluminescent display device according to
claim 1, wherein the separation induction layer is an inor-
ganic insulating film.

8. The electroluminescent display device according to
claim 7, wherein the inorganic insulating film comprises at
least one of SiNx, SiOx, or SiOxNy.

9. The electroluminescent display device according to
claim 1, wherein the separation induction layer has an edge
corresponding to an edge of the first electrode, in an area
overlapping the bank.

10. The electroluminescent display device according to
claim 1, wherein the separation induction layer passes
between adjacent first electrodes and overlaps with edges of
the adjacent first electrodes in an area overlapping the bank.
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11. The electroluminescent display device according to
claim 2, further comprising a non-display area disposed in
an edge area of the substrate,

wherein the electron transport layer has an extension

configured to cover at least one side part of the bank so
as to be disposed in an open region of the bank located
in the non-display area.

12. The electroluminescent display device according to
claim 11,

wherein the extension of the electron transport layer

contacts the second electrode in the open region of the
bank, and

wherein an extended portion of the second electrode from

the electron transport layer contacts an electrode con-
nection pattern in the open region of the bank.

13. The electroluminescent display device according to
claim 12, wherein the electrode connection pattern is located
in the same layer as the first electrode.

14. The electroluminescent display device according to
claim 11, wherein an extension of the hole transport layer is
located inside the extension of the electron transport layer in
the non-display area, and an edge of the extension of the hole
transport layer does not overlap the open region of the bank
in the non-display area.

15. The electroluminescent display device according to
claim 1, wherein a thickness of the separation induction
layer is 1.2 times to 4 times a thickness of the p-type layer.

16. The electroluminescent display device according to
claim 1, wherein the separation induction layer is disposed
inside an edge of the lower end of the bank by a width of 100
A or more.

17. The electroluminescent display device according to
claim 1, wherein the first electrode is disposed under the
bank with the separation induction layer interposed therebe-
tween.

18. The electroluminescent display device according to
claim 1, wherein the separation induction layer is formed of
a material having a higher etch selectivity ratio than that of
a material of which the bank is formed.

19. The electroluminescent display device according to
claim 1, wherein the at least one common layer is provided
in the plurality of subpixels.

20. A method for manufacturing an electroluminescent
display device, the method comprising:

forming a first electrode on a substrate;

depositing a separation induction layer forming material

on the substrate including the first electrode;

forming a bank by applying a bank material to the

separation induction layer forming material and pat-
terning the bank material; and

forming a separation induction layer by selectively

removing the separation induction layer forming mate-
rial from a region inside the bank.

21. The method according to claim 20, wherein the
separation induction layer forming material has higher etch
selectivity ratio than that of the bank material.

22. A method for manufacturing an electroluminescent
display device, the method comprising:

sequentially depositing a first electrode material and a

separation induction layer forming material on a sub-
strate;

forming a first electrode by patterning the first electrode

material and the separation induction layer forming
material;
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forming a bank by applying a bank material to the
patterned separation induction layer forming material
and patterning the bank material; and
forming a separation induction layer by selectively
removing the patterned separation induction layer
forming material from a region aligned with the bank.
23. The method according to claim 22, wherein the
separation induction layer forming material has higher etch
selectivity ratio than that of the bank material.

® 0% % % %



RiES
(57190 18 (% FAR) A (i)
B (E R A ()

441 o8 38 (% AR A (%)

FRI& B A

RN

HAEREELE

BEX)

BRT -METEE BIRTEEEESS

BHAKXETRERABIESZE

US20200212144A1

US16/721096

REETRERAF

LG DISPLAY CO. , LTD.

LG DISPLAY CO. , LTD.

AHN BYUNG CHUL
KIM WOO CHAN

AHN, BYUNG-CHUL
KIM, WOO-CHAN
YOO, BYEONG-SUN
KIM, GO-TAE

HO1L27/32 HO1L51/50

patsnap

2020-07-02

2019-12-19

HO1L27/3246 HO1L51/5072 HO1L51/5056 HO1L27/326 HO1L27/3258

1020180174131 2018-12-31 KR

Espacenet USPTO

MZEFUEAR TR/

RERORIBINO THENNBRRAERRERAFES E. &
BEXETRESE EESMEENER LT FEREZRND AR,

BN FERETNE-—ERUTENFE -—BRZAN T BRNE EFE—
BENPEE, BRLNE-RIMFERHNRFAM LNE -85 U Kkp

BEENEL—IMRHE

Depositfirstelectrode m aterial
100S)

L

D epositseparation nduction

laver
form hg m aterial 110S)

I}

Fom firstelctrode (120S)

Appl bankm aterial (130S)

Fom bank and form separation
induction layer (140S)

Harden Bank (1508S)



https://share-analytics.zhihuiya.com/view/cb68c0e9-a2a7-45ae-8453-9f52e1b2d4a2
https://worldwide.espacenet.com/patent/search/family/071124447/publication/US2020212144A1?q=US2020212144A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220200212144%22.PGNR.&OS=DN/20200212144&RS=DN/20200212144

