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(7) ABSTRACT

An electroluminescent display device includes a plurality of
sub-pixels arranged on a substrate along a first direction and
a second direction crossing the first direction, and a light-
emitting diode disposed in each of the plurality of sub-pixels
and including a first electrode, a light-emitting layer and a
second electrode, wherein among the plurality of sub-pixels,
the sub-pixel of an nth row and an mth column has a same
color as the sub-pixel of an (n+1)th row and an (m-1)th
column, where n is a natural number and m is a natural
number large than 4, and wherein among the plurality of
sub-pixels, the sub-pixel of the nth row and a kth column has
a same color as the sub-pixel of the nth row and a (k-2)th
column, where k is a natural number smaller than or equal
to m.
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ELECTROLUMINESCENT DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from and
the benefit under 35 U.S.C § 119(a) of Korean Patent
Application No. 10-2018-0150545 filed in the Republic of
Korea on Nov. 29, 2018, which is hereby incorporated by
reference in its entirety into the present application.

BACKGROUND OF THE INVENTION

Field of the Disclosure

[0002] The present disclosure relates to an electrolumi-
nescent display device, and more particularly, to an elec-
troluminescent display device having a large size and high
definition.

Discussion of the Related Art

[0003] As one of flat panel display devices, an electrolu-
minescent display device has wide viewing angles as com-
pared to a liquid crystal display device because it is self-
luminous and also has advantages of a thin thickness, light
weight and low power consumption since a backlight unit is
not necessary.

[0004] In addition, the electroluminescent display device
is driven by low voltages of direct current (DC) and has a
fast response time. Further, the electroluminescent display
device 1s strong against the external impacts and is used in
a wide range of temperatures because its components are
solids. Moreover, the electroluminescent display device can
be manufactured at low costs.

[0005] The electroluminescent display device includes a
plurality of pixels, each of which has red, green and blue
sub-pixels, and displays various color images by allowing
the red, green and blue sub-pixels to selectively emit light.
[0006] The red, green and blue sub-pixels have red, green
and blue light-emitting layers, respectively, and each light-
emitting layer is formed through a vacuum thermal evapo-
ration process in which a luminous material is selectively
deposited using a fine metal mask.

[0007] However, the evaporation process increases manu-
facturing costs due to preparation of the mask and has a
problem in application to a large-sized and high-definition
display device due to manufacturing variations, sagging,
shadow effect of the mask, and the like.

SUMMARY OF THE INVENTION

[0008] Accordingly, the present disclosure is directed to
an electroluminescent display device that substantially obvi-
ates one or more of the problems due to limitations and
disadvantages of the related art.

[0009] An object of the present disclosure is to provide an
electroluminescent display device having a large size and
high definition.

[0010] Additional features and advantages of the present
disclosure will be set forth in the description which follows,
and in part will be apparent from the description, or can be
learned by practice of the present disclosure. The objectives
and other advantages of the present disclosure will be
realized and attained by the structure particularly pointed out
in the written description and claims hereof as well as the
appended drawings.
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[0011] To achieve these and other advantages and in
accordance with the purpose of the present disclosure, as
embodied and broadly described herein, there is provided an
electroluminescent display device that includes a substrate;
a plurality of sub-pixels arranged on the substrate along a
first direction and a second direction; and a light-emitting
diode disposed at each of the plurality of sub-pixels and
including a first electrode, a light-emitting layer and a
second electrode, wherein the sub-pixel of an nth row (n is
a natural number) and an mth column (m is a natural number
larger than 4) has a same color as the sub-pixel of an (n+1)th
row and an (m-1)th column, and wherein the sub-pixel of
the nth row and a kth column (k is a natural number smaller
than or equal to m) has a same color as the sub-pixel of the
nth row and a (k=2)th column.

[0012] In another aspect, an electroluminescent display
device includes a substrate on which a display area and a
non-display area are defined; and a plurality of sub-pixels
arranged on the substrate along a first direction and a second
direction, wherein the sub-pixel of an nth row (n 1s a natural
number) and an mth column (m is a natural number larger
than 4) has a same color as the sub-pixel of an (n+1)th row
and am (m-1)th column, and wherein the sub-pixel of the
nth row and a kth column (k is a natural number smaller than
or equal to m) has a same color as the sub-pixel of the nth
row and a (k=2)th column.

[0013] In another aspect, an electroluminescent display
device includes a plurality of sub-pixels arranged on a
substrate along a first direction and a second direction
crossing the first direction, and a light-emitting diode dis-
posed in each of the plurality of sub-pixels and including a
first electrode, a light-emitting layer and a second electrode,
wherein among the plurality of sub-pixels, the sub-pixel of
an nth row and an mth column has a same color as the
sub-pixel of an (n+1)th row and an (m-1)th column, where
n is a natural number and m is a natural number large than
4, and wherein among the plurality of sub-pixels, the sub-
pixel of the nth row and a kth column has a same color as
the sub-pixel of the nth row and a (k-2)th column, where k
is a natural number smaller than or equal to m.

[0014] In another aspect, an electroluminescent display
device includes a substrate on which a display area and a
non-display area are defined; and a plurality of sub-pixels
disposed in the display area and the non-display area,
wherein among the plurality of sub-pixels in at least one of
the display area and the non-display area, the sub-pixel of an
nth row and an mth column has a same color as the sub-pixel
of an (n+1)th row and am (m-1)th column, where n is a
natural number and m is a natural number large than 4, and
wherein among the plurality of sub-pixels in at least one of
the display area and the non-display area, the sub-pixel of
the nth row and a kth column) has a same color as the
sub-pixel of the nth row and a (k-2)th column, where k is
a natural number smaller than or equal to m.

[0015] In another aspect, an electroluminescent display
device includes a substrate in which a display area and a
non-display area adjacent to the display area are provided,
and a plurality of sub-pixels arranged in a grid configuration
on the substrate, and including a connection area in which
first-color sub-pixels among the plurality of sub-pixels are
connected to each other in a diagonal direction; a first bank
disposed on the substrate, and including an opening extend-
ing in a non-diagonal direction and corresponding to a
portion of the plurality of sub-pixels; and a second bank
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covering a portion of the first bank, and including a first
opening corresponding to the opening of the first bank and
a second opening corresponding to the connection area of
the first-color sub-pixels.

[0016] It is to be understood that both the foregoing
general description and the following detailed description
are by example and explanatory and are intended to provide
further explanation of the present disclosure as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The accompanying drawings, which are included
to provide a further understanding of the present disclosure
and which are incorporated in and constitute a part of this
specification, illustrate embodiments of the present disclo-
sure and together with the description serve to explain the
principles of the present disclosure. In the drawings:
[0018] FIG. 1 is a schematic view of a pixel arrangement
of an electroluminescent display device according to a first
embodiment of the present disclosure.

[0019] FIG. 2 is a schematic view of a pixel arrangement
of an electroluminescent display device according to a
second embodiment of the present disclosure.

[0020] FIG. 3 is a schematic cross-sectional view of an
electroluminescent display device according to the second
embodiment of the present disclosure.

[0021] FIG. 4 is a schematic view of a pixel arrangement
of another example of an electroluminescent display device
according to the second embodiment of the present disclo-
sure.

[0022] FIG. 5 is an equivalent circuit diagram of one
sub-pixel of an electroluminescent display device according
to the second embodiment of the present disclosure.
[0023] FIG. 6 is a timing diagram schematically illustrat-
ing a plurality of signals applied to one sub-pixel of an
electroluminescent display device according to the second
embodiment of the present disclosure and shows one frame.
[0024] FIG. 7 is a schematic plan view of one sub-pixel of
an electroluminescent display device according to the sec-
ond embodiment of the present disclosure.

[0025] FIG. 8 is a schematic cross-sectional view of one
sub-pixel of an electroluminescent display device according
to the second embodiment of the present disclosure.
[0026] FIG. 9 is a schematic view of an electrolumines-
cent display device according to a third embodiment of the
present disclosure.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0027] Reference will now be made in detail to embodi-
ments of the disclosure, examples of which are illustrated in
the accompanying drawings.

First Embodiment

[0028] FIG. 1 is a schematic view of a pixel arrangement
of an electroluminescent display device according to a first
embodiment of the present disclosure. All the components of
the electroluminescent display device according to all
embodiments of the present disclosure are operatively
coupled and configured. For example, components known in
the art to display images via a display area, e.g., drivers,
power lines, data lines, signal lines, etc., are provided as
operatively connected with a plurality of sub-pixels which
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will be discussed in more detail below according to various
embodiments of the present disclosure.

[0029] In FIG. 1, the electroluminescent display device
according to the first embodiment of the present disclosure
includes red, green and blue sub-pixels R, G and B, and the
red, green and blue sub-pixels R, G and B are arranged in a
pentile form.

[0030] More specifically, in the electroluminescent dis-
play device according to the first embodiment of the present
disclosure, the red and blue sub-pixels R and B are alter-
nately arranged in the same column, and the green sub-
pixels G are arranged in a column adjacent thereto. Here, the
arrangement order of the red and blue sub-pixels R and B in
one column is opposite to the arrangement order of the red
and blue sub-pixels R and B in the next column.

[0031] Generally, red, green and blue sub-pixels of a
general electroluminescent display device are arranged in
stripes such that the same color sub-pixels are disposed in
one column direction. However, the stripe arrangement has
a problem in that the aperture ratio decreases as the resolu-
tion of the display device increases.

[0032] On the other hand, in the pentile arrangement, the
number of red sub-pixels R and the number of blue sub-
pixels B is half the number of green sub-pixels G. As a
result, the number of all sub-pixels is reduced to % in the
pentile arrangement in comparison to the stripe arrange-
ment, so that the high aperture ratio can be ensured and the
effective resolution can be increased for the number of
sub-pixels through the rendering driving.

[0033] Further, in the electroluminescent display device
according to the first embodiment of the present disclosure,
light-emitting layers of the red, green and blue sub-pixels R,
G and B are formed through a solution process. Therefore,
the manufacturing costs can be reduced by omitting a fine
metal mask, and a display device with a large size and high
definition can be implemented.

[0034] When each light-emitting layer is formed through
the solution process, a solution is dropped into each of the
plurality sub-pixels at a time, and to do this, different nozzles
are used for the respective sub-pixels. However, a variation
in the thickness of a thin film formed in each sub-pixel
occurs due to a deviation in the dropping amounts of the
nozzles. Accordingly, mura is generated along a scanning
direction of the nozzles, and the image quality of the display
device is lowered.

[0035] An electroluminescent display device according to
a second embodiment of the present disclosure for prevent-
ing the image quality from being lowered by preventing the
mura will be described in detail with reference to FIG. 2.

Second Embodiment

[0036] FIG. 2 is a schematic view of a pixel arrangement
of an electroluminescent display device according to a
second embodiment of the present disclosure, where the
pixel arrangement is provided in a display area of the display
device.

[0037] In FIG. 2, the electroluminescent display device
according to the second embodiment of the present disclo-
sure includes red, green and blue sub-pixels R, G and B, and
the same color sub-pixels R, G or B are arranged in a
diagonal direction and connected to each other among the
same color sub-pixels.

[0038] More specifically, the red, green and blue sub-
pixels R, G and B include red, green and blue light-emitting



US 2020/0176531 A1l

layers, respectively, and the red, green and blue sub-pixels
R, G and B are arranged in a matrix form. In this regard, the
green sub-pixels G are arranged in a diagonal direction such
that they form a diamond grid. The sub-pixel G in the nth
row (n is a natural number) and the mth column (m is a
natural number larger than 4), the sub-pixel G in the (n+1)th
row and the (m~-1)th column, the sub-pixel G in the (n+2)th
row and the (m-2)th column, and the sub-pixel G in the
(n+3)th row and the (m-3)th column have the same color,
that is, green, and are disposed in a diagonal direction and
are connected to each other at a connection area 150.
[0039] At this time, in the nth row and the (n+2)th row, the
sub-pixel G of the mth column and the sub-pixel G of the
(m-2)th column have the same color of green, and in the
(n+1)th row and the (n+3)th row, the sub-pixel G of the
(m-1)th column and the sub-pixel G of the (m-3)th column
have the same color of green. All these green sub-pixels
(e.g., G1, G2, G3 and G4) in adjacent rows and diagonally
disposed are also connected to each other as shown, and the
area in which two adjacent green sub-pixels (e.g., between
G1 and G2, or between G2 and G3, or between G3 and Grd)
are diagonally connected is referred to herein as the con-
nection area 150. All the green sub-pixels can have a
plurality of the connection areas 150. As a result, in each
row, the sub-pixel G of a kth column (k is a natural number
smaller than or equal to m) has the same color of green as
the sub-pixel G of the (k-2)th column. For example, in each
row of sub-pixels, preferably only one non-green sub-pixel
(e.g., R or B sub-pixel, and not two or more sub-pixels)
exists between two adjacent green sub-pixels. In the
example of FIG. 2, a blue sub-pixel B1 exists between two
adjacent green sub-pixels G1 and G5.

[0040] In addition, the sub-pixel B in the (n-1)th row and
the mth column, the sub-pixel B of the nth row and the
(m-1)th column, the sub-pixel B in the (n+1)th row and the
(m-2)th column, and the sub-pixel B in the (n+2)th row and
the (m-3)th column have the same color, that is, blue, and
are disposed in a diagonal direction and are connected to
each other. For example, the blue sub-pixels B1, B2 and B3
in FIG. 2 are diagonally disposed and connected to each
other and thus have diagonally-disposed connection areas
similar to the connection areas 150. The sub-pixel R of the
nth row and the (m+1)th column, the sub-pixel R in the
(n+1)th row and the mth column, the sub-pixel R in the
(n+2)th row and the (m-1)th column, and the sub-pixel R in
the (n+3)th row and the (m-2)th column have the same
color, that is, red, and are disposed in a diagonal direction
and are connected to each other. For example, the red
sub-pixels R1, R2 and R3 in FIG. 2 are diagonally disposed
and connected to each other and thus have diagonally-
disposed connection areas similar to the connection areas
150.

[0041] In the example of FIG. 2, it can be seen that there
is only a single R or B sub-pixels between two adjacent
green sub-pixels, both in column and row directions, where
all the green sub-pixels form a diamond grid. For example,
there is only blue sub-pixel B1 between the two adjacent
green sub-pixels G1 and G5 extending in a row direction,
and there is only one blue sub-pixel B2 between two
adjacent green sub-pixels G5 and G3 extending in a column
direction.

[0042] The arrangement of the red, green and blue sub-
pixels R, G and B is not limited to the illustrated configu-
ration. For example, if the rule according to the second
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embodiment is satisfied, the red sub-pixel R or the blue
sub-pixel B (instead of the green sub-pixel G as shown in
FIG. 2) can be disposed in the nth row and the mth column.
In that case, the other color sub-pixels would be used to
satisfy the arrangement rules discussed above and below.

[0043] Further, in the second embodiment of the present
disclosure, the number of red sub-pixels R and the number
of blue sub-pixels B is each half the number of green
sub-pixels G, but is not limited thereto. Namely, the numbers
of green and blue sub-pixels G and B each can be half the
number of red sub-pixels R, or the numbers of red and green
sub-pixels R and G each is half the number of blue sub-
pixels B as occasion demands.

[0044] The pixel arrangement according to the second
embodiment of the present disclosure can be implemented
by using a bank structure.

[0045] More particularly, a bank according to the second
embodiment of the present disclosure includes a first bank
172 (shaded portion) and a second bank 174 (different
shaded portion).

[0046] The first bank 172 extends in a first direction (e.g.,
row direction) and is disposed between adjacent sub-pixels
R, G and B in a second direction (e.g., column direction)
perpendicular to the first direction. For example, the first
bank 172 can be seen as strips extending in the row direction
and includes a plurality of openings 172a between the strips.

[0047] The second bank 174 covers the entire pixel area
shown in FIG. 2, but includes a first opening 1744 and a
second opening 1745. As such, the second bank 174 includes
a first portion 174¢ disposed in an area between two adjacent
sub-pixels extending a row direction, where the first portion
174c¢ is disposed between two adjacent subpixels (e.g., B3
and G3, G3 and R2, etc.) (between the first openings 1744).
The second bank 174 further includes a second portion 174d
extending from the first portion 174¢ in the diagonal direc-
tion, where the second portion 1744 is diagonally disposed
between two diagonally disposed adjacent second openings
174b.

[0048] For example, the second bank 174 is disposed
between adjacent sub-pixels R, G and B in the first direction
and between adjacent sub-pixels R, G and B in the second
direction. The first opening 174a corresponds to each sub-
pixel R, G and B. For example, there is the first opening
174a between the sub-pixels B3 and G3, between the
sub-pixels G2 and R1, etc. The second opening 1745 is
disposed between the adjacent sub-pixels R, G and B having
the same color and connects the first openings 174a corre-
sponding to the adjacent sub-pixels R, G and B having the
same color. For example, there is the second opening 1745
between the same color sub-pixels G2 and G3, between the
sub-pixels R1 and R2, etc. The second openings 1745 can be
diagonally disposed. Therefore, the second bank 1745 has
the openings connected to each other along the diagonal
direction crossing the first and second directions with
respect to the same color sub-pixels R, G and B for each
color, and each of the red, green and blue light-emitting
layers is formed such that portions in the first and second
openings 174a and 1745 are connected to each other. The
second bank 174 overlaps the first bank 172 at diagonally-
disposed areas between the diagonally-disposed connection
areas of the sub-pixels.
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[0049] A cross-sectional structure of the electrolumines-
cent display device according to the second embodiment of
the present disclosure will be described with reference to
FIG. 3.

[0050] FIG. 3 is a schematic cross-sectional view of an
electroluminescent display device according to the second
embodiment of the present disclosure and shows a cross-
section corresponding to the line III-IIT' of FIG. 2.

[0051] In FIG. 3, an overcoat layer 160 is formed on a
substrate 100 on which a plurality of sub-pixel regions P are
defined, and a first electrode 162 is formed at each of the
sub-pixel regions P on the overcoat layer 160.

[0052] Further, one or more thin film transistors, capaci-
tors and insulating layers can be further formed between the
substrate 100 and the overcoat layer 160.

[0053] A first bank 172 and a second bank 174 are formed
on the first electrode 162 and cover edges of the first
electrode 162. The first bank 172 can be formed of a material
having a hydrophilic property, for example, an inorganic
insulating material such as silicon oxide (SiO,) or silicon
nitride (SiNx). Alternatively, the first bank 172 can be
formed of polyimide. In addition, the second bank 174 can
be formed of an organic insulating material having a hydro-
phobic property. Alternatively, the second bank 174 can be
formed of an organic insulating material having a hydro-
philic property and can be subjected to a hydrophobic
treatment.

[0054] Here, the first bank 172 is formed between the
same color sub-pixel regions P (e.g., between the green
sub-pixels G3 and G2), and the second bank 174 is formed
between different color sub-pixel regions P (e.g., between
the blue and green subpixels B3 and G3). The first bank 172
has a hydrophilic property, and the second bank 174 has a
hydrophobic property. A thickness of the second bank 174
can be thicker than a thickness of the first bank 172. That is,
the height of the second bank 174 can be greater than the
height of the first bank 172.

[0055] Meanwhile, the second bank 174 has first and
second openings 174a and 1745. The first opening 174a is
formed corresponding to each sub-pixel region P and
exposes the first electrode 162. The second opening 1745 is
formed between the same color sub-pixel regions P adjacent
to each other, that is, between the green sub-pixels G (e.g.,
between the sub-pixels G2 and G3 and above the first bank
172 disposed therebetween), connects the first openings
174a corresponding to the same color sub-pixel regions P
adjacent to each other, and exposes the first bank 172.

[0056] A light-emitting layer 180 is formed on the first
electrode 162 exposed through the first opening 174a of the
second bank 174 at each sub-pixel region P. Here, a red
light-emitting layer 1807 is formed at a red sub-pixel R, a
green light-emitting layer 180g is formed at a green sub-
pixel G, and a blue light-emitting layer 1805 is formed at a
blue sub-pixel B.

[0057] In addition, as shown in FIG. 3, a green light-
emitting layer 180g is further formed between the adjacent
same color sub-pixel regions P, that is, on the first bank 172
exposed through the second opening 1745 of the second
bank 174 between the green sub-pixels G, e.g., on the first
electrodes 162 in the sub-pixels G3 and G2, and on the first
bank 172 between the subpixels G3 and G2. At this time, the
green light-emitting layer 180g on the first bank 172 is
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connected to (or extends to) the green light-emitting layers
180g formed on the first electrodes 162 of the adjacent green
sub-pixels G.

[0058] The light-emitting layer 180 is formed through a
solution process. At this time, since the same color sub-
pixels, for example, the green sub-pixels are connected to
each other (e.g., G2, G2, G3 and G4 in FIG. 2 are connected
to each other in one diagonal direction), the solutions
dropped into the green sub-pixels G through different
nozzles are connected to each other. Accordingly, a devia-
tion in the dropping amounts between nozzles is minimized,
and thicknesses of the light-emitting layers can be uniform
in the respective sub-pixels G.

[0059] Next, a second electrode 190 is formed on the
light-emitting layer 180 and the second bank 174.

[0060] The first bank 162, the light-emitting layer 180 and
the second electrode 190 constitute a light-emitting diode
De.

[0061] Like this, in the electroluminescent display device
according to the second embodiment of the present disclo-
sure, the number of red or blue sub-pixels R and B is half the
number of green sub-pixels G, and the number of all
sub-pixels is reduced. Therefore, the high aperture ratio can
be ensured, and the effective resolution can be increased.
[0062] Further, the same color sub-pixels R, G or B are
arranged to be connected to each other, so that the light-
emitting layers 180 of the same color sub-pixels R, G or B
are connected to each other to thereby form one body. Thus,
a deviation in the dropping amounts between nozzles can be
minimized, and the thicknesses of the thin films can be
uniform in the respective sub-pixels R, G and B. Accord-
ingly, the mura can be prevented, so that the image quality
of the display device can be prevented from being lowered.
[0063] Meanwhile, although the (m-3)th column, the
(m-2)th column, the (m-1jth column, and the mth column
are sequentially arranged from the left side in FIG. 2, the
arrangement of the m columns can be varied, and an
example of such a variation will be discussed now in
reference to FIG. 4.

[0064] FIG. 4 is a schematic view of another example of
a pixel arrangement of an electroluminescent display device
according to the second embodiment of the present disclo-
sure.

[0065] The pixel arrangement of FIG. 4 has substantially
the same configuration as the pixel arrangement of FIG. 2,
except for the difference in the order of the left and right
directions. The same parts will be designated by the same
references, and descriptions of the same parts will be omit-
ted or will be brief.

[0066] In FIG. 4, another example of the electrolumines-
cent display device according to the second embodiment of
the present disclosure includes red, green, and blue sub-
pixels R, G, and B, and the same color sub-pixels R, G and
B are arranged in a diagonal direction and connected to each
other.

[0067] As shown in FIG. 4, the (m-3)th column, the
(m-2)th column, the (m-1)th column, and the mth column
are sequentially arranged from the right side to the left side
(in comparison to the left to the right side arrangement of
FIG. 2), but the number of respective sub-pixels R, G and B
and the arrangement order of the same color sub-pixels R, G
and B are the same as the number and the arrangement order
in FIG. 2. As such, the green subpixels G of FIG. 4 extend
along and are connected to each other in a diagonal direction
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different from the diagonal direction in which the green
sub-pixels G1-G4 are connected in FIG. 2. Regardless, all
the green sub-pixels G in FIG. 4 still are arranged in a
diamond grid as in FIG. 2.

[0068] FIG. 5 is an equivalent circuit diagram of one
sub-pixel of an electroluminescent display device according
to the second embodiment of the present disclosure. Each
sub-pixel in the electroluminescent display device of FIGS.
2-4 can have the circuit configuration of FIG. 5.

[0069] In FIG. 5, one sub-pixel of an electroluminescent
display device according to the second embodiment of the
present disclosure includes a driving thin film transistor DTr,
first, second, third, fourth, fifth and sixth thin film transistors
T1, T2, T3, T4, T5 and T6, a light-emitting diode De, and a
storage capacitor Cst.

[0070] Here, the first, second, third, fourth, fifth and sixth
thin film transistors T1, T2, T3, T4, T5 and T6 and the
driving thin film transistor DTr are p-type thin film transis-
tors in which holes are used as carriers for transferring
electric charges. However, the present disclosure is not
limited thereto, and the first, second, third, fourth, fifth and
sixth thin film transistors T1, T2, T3, T4, T5 and T6 and the
driving thin film transistor DTr can be n-type thin film
transistors in which free electrons are used as carriers for
transferring electric charges.

[0071] More specifically, a gate of the first thin film
transistor T1 is connected to an nth scan line for transferring
an nth scan signal Scan(n) (n is a natural number), a source
of the first thin film transistor T1 is connected to a first node
N1, and a drain of the first thin film transistor T1 is
connected to a second node N2. A gate of the second thin
film transistor T2 is connected to the nth scan line, a source
of the second thin film transistor T2 is connected to a data
line for supplying a data voltage Vdata, and a drain of the
second thin film transistor T2 is connected to a third node
N3. A gate of the third thin film transistor T3 is connected
to an emission control line for transferring an emission
control signal EM(n), a source of the third thin film tran-
sistor T3 1s connected to a high voltage supply line for
supplying a high voltage VDD, and a drain of the third thin
film transistor T3 is connected to the third node N3. A gate
of the fourth thin film transistor T4 is connected to the
emission control line, a source of the fourth thin film
transistor T4 is connected to the second node N2, and a drain
of the fourth thin film transistor T4 is connected to a fourth
node N4. A gate of the fifth thin film transistor T5 is
connected to an (n-1)th scan line for transferring an (n-1)th
scan signal Scan(n-1), a source of the fifth thin film tran-
sistor T5 1s connected to an initialization line for supplying
an initialization voltage Vinit, and a drain of the fifth thin
film transistor T5 is connected to the first node N1. A gate
electrode of the sixth thin film transistor T6 is connected to
the (n-1)th scan line, a source of the sixth thin film transistor
T6 is connected to the initialization line, and a drain of the
sixth thin film transistor T6 is connected to the fourth node
N4.

[0072] Further, a gate of the driving thin film transistor
DTr is connected to the first node N1, a source of the driving
thin film transistor DTr is connected to the third node N3,
and a drain of the driving thin film transistor DTr is
connected to the second node N2.

[0073] In the meantime, a first capacitor electrode of the
storage capacitor Cst is connected to the first node N1, and
a second capacitor electrode is connected to the high voltage
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supply line. In addition, an anode of the light-emitting diode
De is connected to the fourth node N4, and a cathode of the
light-emitting diode De is connected to the ground. Alter-
natively, the cathode of the light-emitting diode De can be
connected to a low voltage supply line for supplying a low
voltage VSS.

[0074] Thus, the gate of the driving thin film transistor
DTr, the source of the first thin film transistor T1, the drain
of the fifth thin film transistor T5, and the first capacitor
electrode of the storage capacitor Cst are connected to the
first node N1. The drain of the driving thin film transistor
DTr, the drain of the first thin film transistor T1 and the
source of the fourth thin film transistor T4 are connected to
the second node N2. The source of the driving thin film
transistor DTr, the drain of the second thin film transistor T2
and the drain of the third thin film transistor T3 are con-
nected to the third node N3. The drain of the fourth thin film
transistor T4, the drain of the sixth thin-film transistor T6,
and the anode of the light-emitting diode De are connected
to the fourth node N4.

[0075] The storage capacitor Cst stores and holds a gate
voltage and a threshold voltage Vth of the driving thin film
transistor DTr until the next frame.

[0076] The driving of the electroluminescent display
device of FIG. 5 according to the second embodiment of the
present disclosure will be described with reference to FIG.
6.

[0077] FIG. 6 is a timing diagram schematically illustrat-
ing a plurality of signals applied to one sub-pixel of an
electroluminescent display device according to the second
embodiment of the present disclosure and shows one frame.
[0078] In FIG. 6, one frame F1 includes first, second and
third periods tl, t2 and t3. Here, the first period tl is a
sensing period, the second period t2 is a programming
period, and the third period t3 is a light-emitting period. The
first period t1 can include an initializing step.

[0079] In the first period t1, the nth scan signal Scan(n)
and the emission control signal EM(n) have a high level.
Thus, the first, second, third and fourth thin film transistors
T1, T2, T3 and T4 are turned off.

[0080] On the other hand, in the first period t1, the (n-1)th
scan signal Scan(n-1) has a high level and then has a low
level, and when the (n-1)th scan signal Scan(n-1) has the
low level, the fifth and sixth thin film transistors T5 and T6
are turned on. Thus, the initialization voltage Vinit is applied
to the first node N1 through the fifth thin film transistor T5
and to the fourth node N4 through the sixth thin film
transistor T6, and the first and fourth nodes N1 and N4 have
the initializing voltage Vinit. Then, the (n-1)th scan signal
Scan(n-1) has a high level again and the fifth and sixth thin
film transistors TS and T6 are turned off.

[0081] Next, in the second period t2, the emission control
signal EM(n) has the high level and the third and fourth thin
film transistors T3 and T4 maintain the turn-off state.
[0082] On the other hand, in the second period 12, the
(n-1)th scan signal Scan(n-1) has a high level and then has
a low level (and then a high level), whereas the nth scan
signal Scan(n) has a low level and then has a high level.
[0083] More specifically, when the (n-1)th scan signal
Scan(n-1) has the high level, both the fifth and sixth thin
film transistors T5 and T6 are turned off while the nth scan
signal Scan(n) has the low level, so that the first and second
thin film transistors T1 and T2 are turned on. Accordingly,
the data voltage Vdata is supplied to the third node N3
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through the second thin film transistor T2, and the third node
N3 has the data voltage Vdata. Further, the initialization
voltage Vinit of the first node N1 is discharged through the
first thin film transistor T1 until a voltage of the first node N1
is equal to a threshold voltage Vth of the driving thin film
transistor DTr, and the first node N1 has the threshold
voltage Vth. Then, the nth scan signal Scan(n) has a high
level, so that the first and second thin film transistors T1 and
T2 are turned off and the threshold voltage Vth of the first
node N1 is stored in the storage capacitor Cst.

[0084] Next, when the (n-1)th scan signal Scan(n-1) has
the low level, both the fifth and sixth thin film transistors T3
and T6 are turned on while the nth scan signal Scan(n) has
a high level, so that the first and second thin film transistors
T1 and T2 maintain the turn-off state. At this time, the
initialization voltage Vinit is applied to the first node N1
through the fifth thin film transistor T5 and to the fourth
node N4 through the sixth thin film transistor T6. Accord-
ingly, the first node N1 has the sum of the stored threshold
voltage Vth and the applied initialization voltage Vinit, and
the fourth node N4 has the initialization voltage Vinit.

[0085] Next, in the third period t3, the (n-1)th scan signal
Scan(n-1) has a high level, and the fifth and sixth thin film
transistors T5 and T6 are turned off.

[0086] On the other hand, the nth scan signal Scan(n) has
a low level and then has a high level, and the emission
control signal EM(n) has a low level. When the nth scan
signal Scan(n) has the low level, the second thin film
transistor T2 is turned on, the data voltage Vdata is applied
to the third node N3. The emission control signal EM(n) has
the low level and the third and fourth thin film transistors T3
and T4 are turned on, so that the light-emitting diode De
emits light corresponding to the data voltage Vdata.

[0087] The sub-pixel structure of the electroluminescent
display device according to the second embodiment of the
present disclosure will be described in more detail with
reference to FIGS. 7 and 8.

[0088] FIG. 7 is a schematic plan view of one sub-pixel of
an electroluminescent display device according to the sec-
ond embodiment of the present disclosure.

[0089] In FIG. 7, a scan line 122 extending along a first
direction (e.g., a row direction) is formed. The scan line 122
includes first and second scan lines 122a and 1224 spaced
from each other. The first scan line 122a corresponds to the
(n-1)th scan line and the second scan line 1225 corresponds
to the nth scan line. The scan line 122 can be referred to as
a gate line. Here, the second scan line 1226 can have a
protrusion extending along a second direction (e.g., a col-
umn direction or a direction perpendicular to the first
direction).

[0090] In addition, an emission control line 124 and a first
capacitor electrode 128 are formed of the same material on
the same layer as the scan line 122. The emission control line
124 is located adjacent to the second scan line 1225 and
extends along the first direction away from the second scan
line 1225. The first capacitor electrode 128 is disposed
between the second scan line 1225 and the emission control
line 124.

[0091] Then, a second capacitor electrode 132 and an
initialization line 134 are formed on a different layer from
the scan line 122. The second capacitor electrode 132 and
the initialization line 134 can be formed of the same material
as the scan line 122.
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[0092] The second capacitor electrode 132 is disposed
between the second scan line 1225 and the emission control
line 124 and overlaps the first capacitor electrode 128 to
form a storage capacitor Cst. The second capacitor electrode
132 has a capacitor hole 132a¢ over the first capacitor
electrode 128. The initialization line 134 is located adjacent
to the first scan line 122a and extends along the first
direction away from the first scan line 122a.

[0093] Next, a data line 151 and a high voltage supply line
152 extending along the second direction are formed. The
data line 151 and the high voltage supply line 152 are
formed on a different layer from the scan line 122, the
emission control line 124 and the initialization line 134, and
cross the scan line 122, the emission control line 124 and the
initialization line 134. The high voltage supply line 152
overlaps the first and second capacitor electrodes 128 and
132 and is electrically connected to the second capacitor
electrode 132. The data line 151 can be spaced apart from
the first capacitor electrode 128 and overlaps the second
capacitor electrode 132.

[0094] In addition, first, second and third electrode pat-
terns 154, 156 and 158 are formed of the same material on
the same layer as the data line 151 and the high voltage
supply line 152. The first electrode pattern 154 overlaps and
crosses the second scan line 1226, overlaps the first and
second capacitor electrodes 128 and 132, and is electrically
connected to the first capacitor electrode 128. The second
electrode pattern 156 overlaps and crosses the emission
control line 124. The third electrode pattern 158 overlaps
and crosses the first scan line 1224 and also overlaps the
initialization line 134.

[0095] Meanwhile, the semiconductor layer 112 is formed
on a different layer from the first and second scan lines 122a
and 1225, the emission control line 124, the first and second
capacitor electrodes 128 and 132, the initialization line 134,
the data line 151, the high voltage supply line 152, and the
first, second, and third electrode patterns 154, 156, 158. The
semiconductor layer 112 can be formed in a pattern in which
a plurality of portions are integrally formed as one body and
overlap and/or cross the first and second scan lines 1224 and
1225, the emission control line 124, the first and second
capacitor electrodes 128 and 132, the initialization line 134,
the data line 151, the high voltage supply line 152, and the
first, second, and third electrode patterns 154, 156, 158. The
semiconductor layer 112 functions as an active layer and
source and drain regions of each of first, second, third,
fourth, fifth and sixth thin film transistors T1, T2, T3, T4, T5
and T6 and a driving thin film transistor DTr and can be
doped with impurities corresponding to the source and drain
regions.

[0096] Here, the first thin film transistor T1 and the second
thin film transistor T2 are connected to the second scan line
122b and turned on and off. The third thin film transistor T3
and the fourth thin film transistor T4 are connected to the
emission control line 124. The fifth thin film transistor T5
and the sixth thin film transistor T6 are connected to the first
scan line 122a and turned on and off. At this time, the first
and second scan lines 122¢ and 1226 and a part of the
emission control line 124 are gate electrodes of the first,
second, third, fourth, fifth and sixth thin film transistors T1,
T2, T3, T4, T5 and T6, and the part 126 of the emission
control line becomes the gate electrode of the fourth thin
film transistor T4.
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[0097] In addition, the driving thin film transistor DTr is
disposed between the second scan line 1225 and the emis-
sion control line 124. The driving thin film transistor DTr is
connected to the first, second, third, fourth and fifth thin film
transistors T1, T2, T3, T4 and T5 and the storage capacitor
Cst.

[0098] Meanwhile, the first electrode 162 is formed sub-
stantially in an entire area of the sub-pixel region to cover
the first, second, third, fourth, fifth and sixth thin film
transistors T1, T2, T3, T4, T5 and T6, the driving thin film
transistor DTr, and the storage capacitor Cst. The first
electrode 162 is electrically connected to the driving thin
film transistor DTr through the fourth thin film transistor T4.
In addition, although the first electrode 162 is shown as
being spaced apart from the data line 151, it is not limited
thereto. That is, the first electrode 162 can partially overlap
the data line 151. At this time, the first electrode 162 can
overlap one of first and second sides of the data line 151
opposite to each other and can be spaced apart from the
other. Alternatively, the first electrode 162 can overlap both
the first and second sides of the data line 151.

[0099] Next, a first bank 172 is formed along the first
direction. The first bank 172 has a hydrophilic property and
is disposed between adjacent sub-pixels along the second
direction. The first bank 172 covers both edges of the first
electrode 162 facing each other along the second direction
and exposes a central portion of the first electrode 162.
[0100] Further, a second bank 174 having a first opening
174a and a second opening 1745 is formed. The second bank
174 has a hydrophobic property and is disposed between
adjacent sub-pixels along the first direction and between
adjacent sub-pixels along the second direction. The second
bank 174 covers both edges of the first electrode 162 facing
each other along the first direction. The first opening 174a is
formed corresponding to the sub-pixel region and exposes
the central portion of the first electrode 162. The second
opening 1744 is formed corresponding to a region between
the adjacent sub-pixel regions along a third direction cross-
ing the first and second directions and exposes the first bank
172.

[0101] A light-emitting layer is formed on the first elec-
trode 162 exposed by the first and second banks 172 and
174. In addition, a light-emitting layer is also formed on the
first bank 172 exposed through the second opening 1745 of
the second bank 174.

[0102] Next, a second electrode is formed on the light-
emitting layer and the second bank 174 over a substantially
entire surface of the substrate.

[0103] The first electrode 162, the light-emitting layer, and
the second electrode constitute a light-emitting diode.

[0104] FIG. 8 is a schematic cross-sectional view of one
sub-pixel of an electroluminescent display device according
to the second embodiment of the present disclosure and
shows a cross-section corresponding to the line VIII-VIIT' of
FIG. 7.

[0105] InFIG. 8, a buffer layer 110 is formed substantially
on an entire surface of a substrate 100. The substrate 100 can
be a glass substrate or a plastic substrate. For example,
polyimide can be used as the plastic substrate, but is not
limited thereto.

[0106] The buffer layer 110 can be formed of an inorganic
material such as silicon oxide (SiO,) or silicon nitride
(SiNx) and can be a single layer or multiple layers.
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[0107] A patterned semiconductor layer 112 is formed on
the buffer layer 110. The semiconductor layer 112 can be
formed of polycrystalline silicon, and the semiconductor
layer 112 can be selectively doped with impurities. Alter-
natively, the semiconductor layer 112 can be formed of an
oxide semiconductor material.

[0108] A gate insulating layer 120 of an insulating mate-
rial is formed on the semiconductor layer 112 substantially
over the entire surface of the substrate 100. The gate
insulating layer 120 can be formed of an inorganic insulating
material such as silicon oxide (SiO,) or silicon nitride
(SiNx). Meanwhile, when the semiconductor layer 112 is
made of an oxide semiconductor material, the gate insulat-
ing layer 120 is preferably formed of silicon oxide (Si0,).
[0109] A gate electrode 126, an emission control line 124,
and a first capacitor electrode 128 are formed on the gate
insulating layer 120 and are made of a first conductive
material such as metal. Here, the gate electrode 126 is
disposed on the semiconductor layer 112 and can be a part
of the emission control line 124. In addition, the first
capacitor electrode 128 partially overlaps the semiconductor
layer 112.

[0110] Meanwhile, first and second scan lines 122a and
12256 of FIG. 7 are further formed of the first conductive
material on the gate insulating layer 120.

[0111] In the electroluminescent display device according
to the second embodiment of the present disclosure, the gate
insulating layer 120 is formed on the entire surface of the
substrate 100. However, the gate insulating layer 120 can be
patterned to have the same shape as that of the gate electrode
126.

[0112] A first insulating layer 130 made of an insulating
material is formed on the gate electrode 126, the emission
control line 124, and the first capacitor electrode 128 sub-
stantially over the entire surface of the substrate 100. The
first insulating layer 130 can be formed of an inorganic
insulating material such as silicon oxide (Si0,) or silicon
nitride (SiNx). Alternatively, the first insulating layer 130
can be formed of an organic insulating material such as
photo acryl or benzocyclobutene.

[0113] A second capacitor electrode 132 made of a second
conductive material such as metal is formed on the first
insulating layer 130. The second capacitor electrode 132
overlaps the first capacitor electrode 128 and has a capacitor
hole 132a corresponding to the first capacitor electrode 128.
The first and second capacitor electrodes 128 and 132 and
the first insulating layer 130 therebetween form a storage
capacitor Cst.

[0114] In addition, an initialization line 134 of FIG. 7 is
further formed of the second conductive material on the first
insulating layer 130.

[0115] A second insulating layer 140 made of an insulating
material is formed on the second capacitor electrode 132
substantially over the entire surface of the substrate 100. The
second insulating layer 140 can be formed of an inorganic
insulating material such as silicon oxide (Si0,) or silicon
nitride (SiNx). Alternatively, the second insulating layer 140
can be formed of an organic insulating material such as
photo acryl or benzocyclobutene.

[0116] The second insulating layer 140 has a plurality of
contact holes. At this time, the plurality of contact holes can
also be formed in the first insulating layer 130 and/or the
gate insulating layer 120 under the second insulating layer
140.
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[0117] For example, the second insulating layer 140 has a
first contact hole 140a exposing a portion of the semicon-
ductor layer 112 together with the first insulating layer 130
and the gate insulating layer 120 and has a second contact
hole 1405 exposing a portion of the first capacitor electrode
128 together with the first insulating layer 130. In addition,
the second insulating layer 140 has a third contact hole 140¢
exposing a portion of the second capacitor electrode 132
thereunder. Here, the second contact hole 1404 is located in
the capacitor hole 132a of the second capacitor electrode
132.

[0118] Next, a high voltage supply line 152, a first elec-
trode pattern 154 and a second electrode pattern 156 made
of a third conductive material such as metal are formed on
the second insulating layer 140. The high voltage supply line
152 contacts the second capacitor electrode 132 through the
third contact hole 140c, the first electrode pattern 154
contacts the first capacitor electrode 128 through the second
contact hole 1405, and the second electrode pattern 156
contacts the semiconductor layer 112 through the first con-
tact hole 140a. Here, the second electrode pattern 156
corresponds to the drain electrode of the fourth thin film
transistor T4 of FIG. 7.

[0119] In addition, a data line 151 of FIG. 7 and a third
electrode pattern 158 made of the third conductive material
are further formed on the second insulating layer 140.
[0120] Then, an overcoat layer 160 made of an insulating
material is formed as a third insulating layer on the high
voltage supply line 152, the first electrode pattern 154, and
the second electrode pattern 156 substantially over the entire
surface of the substrate 100. The overcoat layer 160 can
alleviate the stepped portions due to the underlying layers
and have a flat top surface. The overcoat layer 160 can be
formed of an organic insulating material such as photo acryl
or benzocyclobutene.

[0121] The overcoat layer 160 has a drain contact hole
160q exposing a portion of the second electrode pattern 156.
The drain contact hole 160a can be spaced apart from the
first contact hole 140a. However, the present disclosure is
not limited thereto, and the drain contact hole 160z can
overlap the first contact hole 140q.

[0122] Next, a first electrode 162 is formed on the over-
coat layer 160 and formed of a conductive material having
a relatively high work function. The first electrode 162 is in
contact with the second electrode pattern 156 through the
drain contact hole 160a. For example, the first electrode 162
can be formed of a transparent conductive material such as
indium tin oxide (ITO) or indium zinc oxide (IZO), but is not
limited thereto.

[0123] Meanwhile, the electroluminescent display device
according to the second embodiment of the present disclo-
sure is a top emission type in which light of a light-emitting
diode is output toward a direction opposite to the substrate
100. Accordingly, the first electrode 162 can further include
a reflective electrode or a reflective layer formed of a metal
material having a relatively high reflectance below the
transparent conductive material. For example, the reflective
electrode or reflective layer can be formed of an aluminum-
palladium-copper (APC) alloy or silver (Ag). At this time,
the first electrode 162 can have a triple-layer structure of
ITO/APCATO or ITO/Ag/ITO, but is not limited thereto.
[0124] A first bank 172 is formed of an insulating material
on the first electrode 162. The first bank 172 has a hydro-
philic property and covers at least one edge of the first
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electrode 162. The first bank 172 can be formed of a material
having a hydrophilic property, for example, an inorganic
insulating material such as silicon oxide (Si0,) or silicon
nitride (SiNx). Alternatively, the first bank 172 can be
formed of polyimide.

[0125] A second bank 174 is formed on the first bank 172
and on the first electrode 162. The second bank 174 has a
hydrophobic property and covers at least one edge of the first
electrode 162. In addition, the second bank 174 overlaps the
first bank 172 and can cover at least one edge of the first
bank 172. The second bank 174 can be formed of an organic
insulating material having a hydrophobic property.

[0126] The second bank 174 has a plurality of first and
second openings 174¢ and 174b. The first opening 174a
exposes the first electrode 162 and the second opening 1745
exposes the first bank 172.

[0127] Further, a light-emitting layer 180 is formed on the
first electrode 162 and the first bank 172 exposed through the
first and second openings 174a and 174b.

[0128] The light-emitting layer 180 can include a first
charge auxiliary layer, a light-emitting material layer, and a
second charge auxiliary layer sequentially positioned over
the first electrode 162 and the first bank 172. The light-
emitting material layer can be formed of any one of red,
green and blue luminescent materials, but is not limited
thereto. The luminescent material can be an organic lumi-
nescent material such as a phosphorescent compound or a
fluorescent compound or can be an inorganic luminescent
material such as a quantum dot.

[0129] The first charge auxiliary layer can be a hole
auxiliary layer, and the hole auxiliary layer can include at
least one of a hole injecting layer (HIL) and a hole trans-
porting layer (HTL). In addition, the second charge auxiliary
layer can be an electron auxiliary layer, and the electron
auxiliary layer can include at least one of an electron
injecting layer (EIL) and an electron transporting layer
(ETL). However, the present disclosure is not limited
thereto, and other variations are possible.

[0130] Furthermore, the light-emitting layer 180 is formed
through a solution process. Thus, the process can be sim-
plified and a display device with a large size and high
resolution can be provided. A spin coating method, an ink jet
printing method, or a screen printing method can be used as
the solution process, but the present disclosure is not limited
thereto and other variations are possible.

[0131] In the meantime, the electron auxiliary layer of the
light-emitting layer 180 can be formed through an evapo-
ration process. At this time, the electron auxiliary layer can
be formed substantially over the entire surface of the sub-
strate 100.

[0132] A second electrode 190 of a conductive material
having a relatively low work function is formed on the
light-emitting layer 180 substantially over the entire surface
of the substrate 100. Here, the second electrode 190 can be
formed of aluminum (Al), magnesium (Mg), silver (Ag), or
an alloy thereof. At this time, the second electrode 190 has
a relatively thin thickness so that light from the light-
emitting layer 180 can be transmitted therethrough. Alter-
natively, the second electrode 190 can be formed of a
transparent conductive material such as indium-gallium-
oxide (IGO), but is not limited thereto.

[0133] The first electrode 162, the light-emitting layer 180
and the second electrode 190 constitute a light-emitting
diode De of each sub-pixel. Here, the first electrode 162 can
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serve as an anode, and the second electrode 190 can serve as
a cathode, but the present disclosure is not limited thereto
and other variations are possible.

[0134] As described above, the electroluminescent display
device according to the various examples of the second
embodiment of the present disclosure can be a top emission
type in which light from the light-emitting layer 180 of the
light-emitting diode De is output toward a direction opposite
to the substrate 200, that is, output to the outside through the
second electrode 190. The top emission type display device
can have a wider emission area than a bottom emission type
display device of the same size, so that the brightness can be
improved and the power consumption can be reduced.
[0135] At this time, the light-emitting diode De of each
sub-pixel can have an element thickness for a micro-cavity
effect corresponding to a wavelength of the emitted light,
thereby increasing the light efficiency. That is, the light-
emitting diodes De of the red, green and blue sub-pixels can
have different element thicknesses. Here, the element thick-
ness can be defined as a distance between the first electrode
162 and the second electrode 190.

[0136] Meanwhile, a protective layer and/or an encapsu-
lating layer can be formed on the second electrode 190
substantially over the entire surface of the substrate 100 to
block moisture or oxygen introduced from the outside,
thereby protecting the light-emitting diode De.

Third Embodiment

[0137] FIG. 9 is a schematic view of an electrolumines-
cent display device according to a third embodiment of the
present disclosure.

[0138] The electroluminescent display device according to
the third embodiment of the present disclosure further
includes a configuration of a non-display area as compared
with the electroluminescent display device according to the
second embodiment and has the same configuration of a
display area as that of the second embodiment. The same
parts will be designated by the same references, and descrip-
tions of the same parts will be omitted or shortened.
[0139] As shown in FIG. 9, in the electroluminescent
display device according to the third embodiment of the
present disclosure, a display area DA displaying an image
and a non-display area NDA surrounding at least one or
more sides of the display area DA are defined on the
substrate. The display area DA can have the same pixel
arrangement as those of FIGS. 2-8, and can be surrounded
completely by the non-display areas NDA. In the display
area DA, red, green and blue sub-pixels R, G and B are
arranged in a matrix form, and the same color sub-pixels R,
G and B are arranged in a diagonal direction and connected
to each other.

[0140] More specifically, the red, green and blue sub-
pixels R, G and B include red, green and blue light-emitting
layers, respectively, and the sub-pixels R, G and B of the
display area DA are connected to the sub-pixels R, G and B
of the non-display area NDA having the same colors,
respectively. Accordingly, the sub-pixel R in the first row
and the first column of the display area DA is connected to
one sub-pixel R or more of the non-display area NDA in a
diagonal direction. For example, as shown in FIG. 9, the
sub-pixel R in the first row and the first column of the
display area DA is connected to six sub-pixels R of the
non-display area NDA (e.g., subpixels R5-R11 are con-
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nected to each other in a diagonal direction), but is not
limited thereto and other variations are possible.

[0141] Here, the red, green and blue sub-pixels R, G and
B disposed in the non-display area NDA are dummy sub-
pixels in which a thin film transistor and a storage capacitor
are not formed. However, the sub-pixels R, G and B of the
non-display area NDA are not limited to those as illustrated.
[0142] Further, in the non-display area NDA, only the
second bank 174 can be formed by omitting the first bank
172. In this case, when the light-emitting layer is formed, the
solution can be confined more in the sub-pixels R, G and B
of the non-display area NDA than the sub-pixels R, G and
B of the display area DA. Accordingly, the drying speed of
the solvent can be made uniform at the central portion and
at the edge portion, thereby obtaining the light-emitting
layer having a more uniform thickness.

[0143] Meanwhile, the first electrode (e.g., 162) can be
omitted in the red, green and blue sub-pixels R, G and B of
the non-display area NDA.

[0144] As described above, in the third embodiment of the
present disclosure, the sub-pixels R, G and B of the display
area DA are respectively connected to the sub-pixels R, G
and B of the non-display area NDA. Thus, a deviation
between nozzles can be minimized with respect to all
sub-pixels R, G and B of the display area DA, thereby
forming thin films having a uniform thickness in the respec-
tive sub-pixels R, G and B.

[0145] In the present disclosure, by forming the light-
emitting layer of each sub-pixel through the solution pro-
cess, a mask is omitted to thereby reduce the manufacturing
costs, and a display device with a large size and high
definition can be implemented.

[0146] In addition, as part of the advantages offered by the
present disclosure, the number of red sub-pixels and the
number of blue sub-pixels can be half the number of green
sub-pixels and the number of all sub-pixels is reduced, so
that the high aperture ratio can be ensured and the effective
resolution can be increased.

[0147] Moreover, the same color sub-pixels are connected
to each other, and the light-emitting layers of the same color
sub-pixels are formed as one body, thereby minimizing the
deviation in the dropping amount between nozzles and
uniformly forming the thicknesses of the light-emitting
layers of the sub-pixels. Therefore, the mura is prevented,
thereby effectively preventing the image quality of the
display device from being lowered.

[0148] It will be apparent to those skilled in the art that
various modifications and variations can be made in a
display device of the present disclosure without departing
from the sprit or scope of the embodiments. Thus, it is
intended that the present disclosure covers the modifications
and variations of this invention provided they come within
the scope of the appended claims and their equivalents.

What is claimed is:

1. An electroluminescent display device comprising:

a plurality of sub-pixels arranged on a substrate along a
first direction and a second direction crossing the first
direction; and

a light-emitting diode disposed in each of the plurality of
sub-pixels and including a first electrode, a light-
emitting layer and a second electrode,

wherein among the plurality of sub-pixels, the sub-pixel
of an nth row and an mth column has a same color as



US 2020/0176531 A1l

the sub-pixel of an (n+1)th row and an (m-1)th column,
where n is a natural number and m is a natural number
large than 4, and

wherein among the plurality of sub-pixels, the sub-pixel

of the nth row and a kth column has a same color as the
sub-pixel of the nth row and a (k-2)th column, where
k is a natural number smaller than or equal to m.

2. The electroluminescent display device of claim 1,
wherein the sub-pixel of the nth row and a kth column, the
sub-pixel of the nth row and a (k-1)th column, and the
sub-pixel of the nth row and a (k-3)th column have different
colors from each other.

3. The electroluminescent display device of claim 2,
wherein the sub-pixel of the nth row and the kth column and
the sub-pixel of the nth row and the (k=2)th column are
green sub-pixels, and

wherein one of the sub-pixel of the nth row and the

(k-1)th column and the sub-pixel of the nth row and the
(k=3)th column is a red sub-pixel, and the other of the
sub-pixel of the nth row and the (k-1)th column and the
sub-pixel of the nth row and the (k-3)th column is a
blue sub-pixel.

4. The electroluminescent display device of claim 1,
wherein the light-emitting layer in the sub-pixel of the nth
row and the mth column and the light-emitting layer in the
sub-pixel of the (n+1)th row and the (m-1)th column are
connected to each other.

5. The electroluminescent display device of claim 1,
further comprising:

a first bank covering an edge of the first electrode and

disposed between adjacent same color sub-pixels; and

a second bank covering an edge of the first bank and

disposed between adjacent different color sub-pixels.

6. The electroluminescent display device of claim 5,
wherein the first bank extends along the first direction and
disposed between adjacent sub-pixels extending along the
second direction, and

wherein the second bank has a first opening and a second

opening, the first opening corresponding to each of the
plurality of sub-pixels and the second opening corre-
sponding to an area between the sub-pixel of the nth
row and the mth column and the sub-pixel of the
(n+1)th row and the (m-1)th column.

7. The electroluminescent display device of claim 6,
wherein the second opening connects the first opening
corresponding to the sub-pixel of the nth row and the mth
column, with the first opening corresponding to the sub-
pixel of the (n+1)th row and the (m-1)th column.

8. The electroluminescent display device of claim 6,
wherein the first opening exposes the first electrode and the
second opening exposes the first opening.

9. The electroluminescent display device of claim 8,
wherein the light-emitting layer is disposed on the exposed
first electrode and the exposed first opening.

10. The electroluminescent display device of claim 5,
wherein the first bank has a hydrophilic property, and the
second bank has a hydrophobic property.

11. An electroluminescent display device comprising:

a substrate on which a display area and a non-display area

are defined; and

a plurality of sub-pixels disposed in the display area and

the non-display area,

wherein among the plurality of sub-pixels in at least one

of the display area and the non-display area, the sub-
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pixel of an nth row and an mth column has a same color
as the sub-pixel of an (n+1)th row and am (m-1)th
column, where n is a natural number and m is a natural
number large than 4, and

wherein among the plurality of sub-pixels in at least one

of the display area and the non-display area, the sub-
pixel of the nth row and a kth column) has a same color
as the sub-pixel of the nth row and a (k-2)th column,
where k is a natural number smaller than or equal to m.

12. The electroluminescent display device of claim 11,
further comprising a first bank between the sub-pixels
having a same color light-emitting layer in the display area.

13. The electroluminescent display device of claim 12,
further comprising a second bank between the sub-pixels
having different color light-emitting layers in the display
area and the non-display area.

14. The electroluminescent display device of claim 13,
wherein the second bank has a first opening and a second
opening,

the first opening corresponding to each of the plurality of

sub-pixels and the second opening corresponding to a
portion between the sub-pixel of the nth row and the
mth column and the sub-pixel of the (n+1)th row and
the (m-1)th column.

15. An electroluminescent display device comprising:

a substrate in which a display area and a non-display area
adjacent to the display area are provided; and

a plurality of sub-pixels arranged in a grid configuration
on the substrate, and including a connection area in
which first-color sub-pixels among the plurality of
sub-pixels are connected to each other in a diagonal
direction;

a first bank disposed on the substrate, and including an
opening extending in a non-diagonal direction and
corresponding to a portion of the plurality of sub-
pixels; and

a second bank covering a portion of the first bank, and
including a first opening corresponding to the opening
of the first bank and a second opening corresponding to
the connection area of the first-color sub-pixels.

16. The electroluminescent display device of claim 15,
wherein the second bank includes a first portion disposed in
an area between two adjacent sub-pixels extending a row
direction, and a second portion extending from the first
portion in the diagonal direction.

17. The electroluminescent display device of claim 15,
wherein the second portion of the second bank extending in
the diagonal direction is overlapped with the first bank.

18. The electroluminescent display device of claim 15,
wherein each of two adjacent first-color sub-pixels disposed
in the diagonal direction includes:

a first electrode disposed on the substrate,
a light-emitting layer disposed on the first electrode, and
a second electrode disposed on the light-emitting layer,

wherein the first bank overlaps edges of the first elec-

trodes of the two adjacent first-color sub-pixels.

19. The electroluminescent display device of claim 18,
wherein the second bank overlaps edges of the first elec-
trodes of the two adjacent first-color sub-pixels.

20. The electroluminescent display device of claim 18,
wherein the light-emitting layers of the two adjacent first-
color sub-pixels are disposed over the first bank.
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21. The electroluminescent display device of claim 18,
wherein the second electrode is disposed over the first and
second banks.

22. The electroluminescent display device of claim 15,
wherein the first bank has a hydrophilic property, and the
second bank has a hydrophobic property.

23. The electroluminescent display device of claim 15,
wherein the first and second banks are disposed in the
display area of the substrate, and the second barnk is disposed
in the non-display area of the substrate.

24. The electroluminescent display device of claim 15,
wherein the plurality of first-color sub-pixels are green
sub-pixels.

25. The electroluminescent display device of claim 15,
wherein the plurality of sub-pixels further include:

a plurality of second-color sub-pixels disposed in the

diagonal direction; and

a plurality of third-color sub-pixels disposed in the diago-

nal direction,
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wherein one of the second-color sub-pixels or one of the
third-color sub-pixels is disposed between two adjacent
first-color sub-pixels in a row or column direction.

26. The electroluminescent display device of claim 25,
wherein one of the second-color or third-color sub-pixels is
alone disposed between two adjacent first-color sub-pixels
in the row direction, and

one of the second-color or third-color sub-pixels is alone

disposed between two adjacent first-color sub-pixels in
the column direction.

27. The electroluminescent display device of claim 15,
wherein the plurality of first-color sub-pixels are disposed as
dummy sub-pixels in the non-display area of the substrate.

28. The electroluminescent display device of claim 27,
wherein each of the dummy sub-pixels disposed in the
non-display area of the substrate includes:

a light-emitting layer disposed on the substrate, and

an electrode disposed on the light-emitting layer.
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