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ELECTROLUMINESCENT DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit under 35 U.S.C.
§ 119(a) of Korean Patent Application No. 10-2017-
0168985, filed on Dec. 11, 2017, in the Korean Intellectual
Property Office, which is incorporated herein by reference in
its entirety.

BACKGROUND

1. Technical Field

[0002] The present disclosure relates to an electrolumi-
nescent display device, and more particularly, to an elec-
troluminescent display device capable of improving light
extraction efficiency as well as preventing or reducing
current leakage and color mixing.

2. Discussion of the Related Art

[0003] Inrecent years, flat panel displays having excellent
characteristics, such as a thin profile, low weight, and low
power consumption, have been widely developed and
applied to various fields. Among the flat panel displays, an
electroluminescent display device is a device in which
electrical charge carriers are injected into a light-emitting
layer formed between a cathode, which is an electron-
injecting electrode, and an anode, which is a hole-injecting
electrode, such that excitons are formed. Then, radiative
recombination of the excitons occurs, thereby emitting light.
[0004] The electroluminescent display device has a num-
ber of advantageous characteristics. For example, the elec-
troluminescent display device can be formed using a flexible
substrate, such as plastic, is self-luminous, and has excellent
contrast ratios. Further, the electroluminescent display
device has a response time of several microseconds, thereby
providing advantages in displaying moving images. The
electroluminescent display device also has a wide viewing
angle and is stable under low temperatures. Because the
electroluminescent display device is driven by a low voltage
of direct current DC 5V to 15V, driving circuits can be easily
designed and manufactured.

[0005] There is an electroluminescent display device that
emits white light using at least two light-emitting layers. For
example, first and second light-emitting layers (first and
second stacks) are formed having a two-stack structure. A
carrier generation layer (CGL) is disposed over an entire
surface of a display region between the two stacks, thereby
emitting white light. In the electroluminescent display
device, a color filter pattern is used for converting white
light into red, green, or blue (RGB) light because the
light-emitting layers emit white light.

[0006] In this case, due to high conductivity of the carrier
generation layer, adjacent pixels are also turned on at the
same time when mono color light is turned on such that a
color anomaly occurs and image quality of the electrolumi-
nescence display device is degraded.

SUMMARY

[0007] Accordingly, embodiments of the present disclo-
sure are directed to an electroluminescent display device that
substantially obviates one or more of the problems due to
limitations and disadvantages of the related art.
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[0008] Tt is an aspect of the present disclosure to provide
an electroluminescent display device that is capable of
improving light extraction efficiency and preventing or
reducing current leakage and color mixing.

[0009] Additional features and aspects will be set forth in
the description that follows, and in part will be apparent
from the description, or may be learned by practice of the
inventive concepts provided herein. Other features and
aspects of the inventive concepts may be realized and
attained by the structure particularly pointed out in the
written description, or derivable therefrom, and the claims
hereof as well as the appended drawings.

[0010] To achieve these and other aspects of the inventive
concepts, as embodied and broadly described, an electrolu-
minescent display device comprises a substrate including a
plurality of pixel regions; an air gap over the substrate and
configured to separate the plurality of pixel regions; a first
electrode in each of the plurality of pixel regions; a light
emitting portion on the first electrode and a second electrode
on the light emitting portion.

[0011] It is to be understood that both the foregoing
general description and the following detailed description
are explanatory and are intended to provide further expla-
nation of the inventive concepts as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The accompanying drawings, which are included
to provide a further understanding of the disclosure, are
incorporated in and constitute a part of this application,
illustrate implementations of the disclosure and together
with the description serve to explain various principles.
[0013] FIG. 1 is a circuit diagram showing a single pixel
region of an electroluminescent display device according to
an example embodiment of the present disclosure.

[0014] FIG. 2 is a cross-sectional view showing an elec-
troluminescent display device according to an example
embodiment of the present disclosure.

[0015] FIG. 3 is an enlarged view of a portion of an
electroluminescent display device according to the example
embodiment of FIG. 2.

[0016] FIGS. 4A to 41 are cross-sectional views showing
a method of manufacturing an electroluminescent display
device according to the example embodiment of the present
disclosure shown in FIGS. 2 and 3.

DETAILED DESCRIPTION

[0017] Hereinafter, example embodiments of the present
disclosure will be described with reference to the accompa-
nying drawings.

[0018] FIG. 1 is a circuit diagram showing a single pixel
region of an electroluminescent display device according to
an example embodiment of the present disclosure.

[0019] As illustrated in FIG. 1, the electroluminescent
display device may include a gate line GL, a data line DL,
a switching thin film transistor Ts, a driving thin film
transistor Td, a storage capacitor Cst, and a light-emitting
diode D. The gate line GL and the data line DL cross each
other to define a pixel region SP. The switching thin film
transistor Ts, the driving thin film transistor Td, the storage
capacitor Cst, and the light-emitting diode D are formed in
the pixel region SP.

[0020] A gate electrode of the switching thin film transis-
tor Ts may be connected to the gate line GL and a source
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electrode of the switching thin film transistor Ts is connected
to the data line DL. A gate electrode of the driving thin film
transistor Td may be connected to a drain electrode of the
switching thin film transistor Ts, and a source electrode of
the driving thin film transistor Td may be connected to a
high voltage supply VDD. An anode of the light-emitting
diode D may be connected to a drain electrode of the driving
thin film transistor Td, and a cathode of the light-emitting
diode D may be connected to a low voltage supply VSS. The
storage capacitor Cst may be connected to the gate electrode
and the drain electrode of the driving thin film transistor Td.

[0021] The electroluminescent display device is driven to
display an image. For example, when the switching thin film
transistor Ts is turned on by a gate signal applied through the
gate line GL, a data signal from the data line DL is applied
to the gate electrode of the driving thin film transistor Td and
an electrode of the storage capacitor Cst through the switch-
ing thin film transistor Ts.

[0022] When the driving thin film transistor Td is turned
on by the data signal, an electric current flowing through the
light-emitting diode D is controlled, thereby displaying an
image. The light-emitting diode D emits light due to the
current supplied through the driving thin film transistor Td
from the high voltage supply VDD.

[0023] For example, the amount of the current flowing
through the light-emitting diode D is proportional to the
magnitude of the data signal, and the intensity of light
emitted by the light-emitting diode D is proportional to the
amount of the current flowing through the light-emitting
diode D. Thus, pixel regions SP show different gray levels
depending on the magnitude of the data signal. As a result,
the electroluminescent display device displays an image.

[0024] The storage capacitor Cst maintains charges cor-
responding to the data signal for a frame when the switching
thin film transistor Ts is turned off. Accordingly, even if the
switching thin film transistor Ts is turned off, the storage
capacitor Cst allows the amount of the current flowing
through the light-emitting diode D to be constant and the
gray level shown by the light-emitting diode D to be
maintained until a next frame. Also, a transistor and/or a
capacitor other than the switching and driving thin film
transistors Ts and Td and the storage capacitor Cst may be
further added in the pixel region SP.

[0025] FIG. 2 is a cross-sectional view showing an elec-
troluminescent display device according to an example
embodiment of the present disclosure.

[0026] As shown in FIG. 2, an electroluminescent display
device 100 may include a substrate 110, thin film transistors
Td1, Td2, and Td3 and light-emitting diodes D1, D2, and
D3, which are formed in pixel regions SP1, SP2, and SP3 on
the substrate 110, respectively, an encapsulation layer 170
on the light-emitting diodes D1, D2, and D3, and a color
filter layer 180 on the encapsulation layer 170. For example,
the thin film transistors Tdl, Td2, and Td3 and the light-
emitting diodes D1, D2, and D3 may be formed on the
substrate 110, which may be referred to as a lower substrate,
a TFT substrate, or a backplane, respectively, for each of the
pixel regions SP1, SP2, and SP3.

[0027] Here, each of the pixel regions SP1, SP2, and SP3
refers to a unit in which a specific type of color filter patterns
181, 183, and 185 are formed to emit specific color light. For
example, the pixel regions SP1, SP2, and SP3 may include
a blue pixel region SP1, a red pixel region SP2, and a green
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pixel region SP3, but the present disclosure is not limited
thereto, and the pixel regions SP1, SP2, and SP3 may further
include a white pixel region.

[0028] In the electroluminescent display device 100, air
gaps AG may be formed between the pixel regions SP1, SP2,
and SP3. For example, the air gaps AG, which separate the
pixel regions SP1, SP2, and SP3, may be formed on the
substrate 110. The air gaps AG will be described below in
more detail.

[0029] A semiconductor layer 122 may be formed in each
of the pixel regions SP1, SP2, and SP3. A gate insulating
layer 124 may be formed on the semiconductor layer 122
substantially all over the substrate 110 including the pixel
regions SP1, SP2, and SP3. The semiconductor layer 122
may include an active area, which is made of an intrinsic
semiconductor material and is positioned at a center thereof,
and a source area and a drain area, which are made of an
impurity-doped semiconductor material and are positioned
at left and right sides of the active area.

[0030] A gate electrode 126 may be formed on the gate
insulating layer 124 corresponding to the semiconductor
layer 122. An interlayer insulating layer 128 may be formed
on the gate electrode 126. The interlayer insulating layer 128
and the gate insulating layer 124 may include first and
second contact holes CH1 and CH2 through which the
source area and the drain area of the semiconductor layer
122 are respectively exposed.

[0031] A source electrode 132 and a drain electrode 130,
which are spaced apart from each other, may be formed on
the interlayer insulating layer 128 corresponding to the
semiconductor layer 122. The source electrode 132 and the
drain electrode 130 may be connected to the source area and
the drain area of the semiconductor layer 122 through the
first and second contact holes CH1 and CH2, respectively.
Here, the semiconductor layer 122, the gate electrode 126,
the source electrode 132, and the drain electrode 130, which
are formed for each of the pixel regions SP1, SP2, and SP3,
may constitute each of the thin film transistors Td1, Td2, and
Td3.

[0032] Although coplanar type thin film transistors Tdl,
Td2, and Td3 have been illustrated in FIG. 2 as an example,
embodiments are not limited thereto, and staggered type thin
film transistors may also be formed. Although only the
driving thin film transistors Td1, Td2, and Td3 are illustrated
in FIG. 2, a plurality of thin film transistors, such as the
switching thin film transistor Ts of FIG. 1 having the same
structure as the driving thin film transistors Td1, Td2, and
Td3, may be formed in a single pixel region. Although not
illustrated, a gate line GL of FIG. 1, a data line DL of FIG.
1 and a power line crossing each other to define the pixel
regions SP1, SP2, and SP3 may be formed. The switching
thin film transistor Ts of FIG. 1 may be connected to the gate
line GL of FIG. 1 and the data line DL of FIG. 1, and each
driving thin film transistor Tdl, Td2, and Td3 may be
connected to the switching thin film transistor Ts of FIG. 1
and the power line.

[0033] A passivation layer 134 may be formed on each of
the thin film transistors Td1, Td2, and Td3. The passivation
layer 134 may include a third contact hole CH3 exposing the
source electrode 132.

[0034] Meanwhile, an overcoat layer may be disposed on
the passivation layer 134. In this case, the passivation layer
134 and the overcoat layer may include the third contact hole
CH3 exposing the source electrode 132.
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[0035] Here, holes that separate the respective pixel
regions SP1, SP2, and SP3 may be formed in the passivation
layer 134 and the interlayer insulating layer 128. Here,
widths of the holes of the passivation layer 134 and the
interlayer insulating layer 128 are the same, but the present
disclosure is not limited thereto, and the hole of the inter-
layer insulating layer 128 may be formed to have a width
greater than that of the hole of the passivation layer 134 to
form an undercut shape. The holes, which are formed in the
passivation layer 134 and the interlayer insulating layer 128,
form portions of the air gaps AG that separate the respective
pixel regions SP1, SP2, and SP3.

[0036] A first electrode 141 may be disposed on the
passivation layer 134 of each of the pixel regions SP1, SP2,
and SP3. Here, the first electrode 141 may be an anode or
cathode for supplying one of holes or electrons to a light
emitting portion 142.

[0037] A case in which the first electrode 141 of the
electroluminescent display device 100 according to the
embodiment of the present disclosure is an anode will be
described as an example. The first electrode 141 may be
formed as a single layer of a transparent conductive oxide
(TCO) material, such as indium tin oxide (ITO). To obtain
a micro-cavity effect, the first electrode 141 may be formed
of ametal material with a relatively high reflectance, such as
a stacked structure of aluminum (Al) and titanium (T7)
(Ti/AVTi), a stacked structure of aluminum (Al) and ITO
(ITO/AVTTO), an Ag—Pd—Cu (APC) alloy, or a stacked
structure of an APC alloy and ITO (ITO/APC/ITO). The
APC alloy refers to an alloy of silver (Ag), palladium (Pd),
and copper (Cu). The first electrode 141 may be connected
to the source electrode 132 of each of the thin film transistors
Tdl, Td2, and Td3 through the third contact hole CH3
formed in the passivation layer 134 and may be separately
formed for each of the pixel regions SP1, SP2, and SP3.
[0038] The electroluminescent display device 100 has
been described using an example which presumes that the
thin film transistor is an N-type thin film transistor in which
the first electrode 141 is connected to the source electrode
132, but the present disclosure is not limited thereto. When
each of the thin film transistors Td1, Td2, and Td3 is a P-type
thin film transistor, the first electrode 141 may be connected
to the drain electrode 130.

[0039] An insulating pattern IP that covers an edge of the
first electrode 141 may be disposed on the first electrode
141. For example, the insulating pattern IP that covers side
surfaces and a portion of an upper surface of the first
electrode 141 may be used. The insulating pattern IP may be
made of silicon oxide having a refractive index of 1.3 to
1.55, but the present disclosure is not limited thereto.
[0040] Here, a stepped portion of the first electrode 141
may be reduced by the insulating pattern IP and thus current
efficiency can be improved. For example, when the light
emitting portion 142 is formed on the first electrode 141, the
light emitting portion 142 is formed to have a small thick-
ness in a region of the stepped portion of the first electrode
141 so that concentration of current that does not contribute
to light emission may be prevented or reduced.

[0041] Further, the insulating patterns IP may be separated
for each of the pixel regions SP1, SP2, and SP3 by holes
corresponding to boundaries of the pixel regions SP1, SP2,
and SP3. Here, widths of the holes that separate the insu-
lating patterns IP may be the same for each of the pixel
regions SP1, SP2, and SP3, but the present disclosure is not
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limited thereto. The holes that separate the insulating pat-
terns IP for each of the pixel regions SP1, SP2, and SP3 form
portions of the air gaps AG that separate the respective pixel
regions SP1, SP2, and SP3.

[0042] The light emitting portion 142 may be disposed on
the first electrode 141 and the insulating pattern IP. Here, the
light emitting portion 142 may emit white light. For
example, the light emitting portion 142 may have a two-
stack structure with first and second light-emitting layers
142a and 142¢, and a carrier generation layer (CGL) 1425
may be disposed between the first light-emitting layer 1424
and the second light-emitting layer 142¢. However, the
present disclosure is not limited thereto, and the light
emitting portion 142 may have a three-stack structure or an
n-stack structure rather than a two-stack structure.

[0043] Here, the light emitting portion 142 may include a
first light-emitting layer 142a, which emits blue light, and a
second light-emitting layer 142¢, which is disposed on the
first light-emitting layer 142a and emits light having color
that turns white when mixed with blue. The second light-
emitting layer 142¢ may be a light-emitting layer which
emits yellow-green light. However, the present disclosure is
not limited thereto.

[0044] The carrier generation layer 1425 may be formed
between the first light-emitting layer 1424 and the second
light-emitting layer 142¢ to adjust a balance of a charge
between the first light-emitting layer 1424 and the second
light-emitting layer 142¢. For example, the carrier genera-
tion layer 1425 may include an N layer, which is positioned
adjacent to the first light-emitting layer 142¢ and injects
electrons into the first light-emitting layer 142a, and a P
layer, which is positioned adjacent to the second light-
emitting layer 142¢ and injects holes into the second light-
emitting layer 142¢. To prevent a metal dopant included in
the N layer from being diffused into the P layer due to a
driving force received according to an electric field of the
electroluminescent display device, an interlayer may be
further interposed between the N layer and the P layer.
[0045] However, the above-described structure of the light
emitting portion 142 is merely an example, and the present
disclosure is not limited thereto. The light emitting portion
142 may have a structure in which three or more light-
emitting layers and a plurality of carrier generation layers
are stacked.

[0046] A luminescent material of each of the first and
second light-emitting layers 142a and 142¢ may be an
organic luminescent material having a refractive index of
about 1.8 or higher, or an inorganic luminescent material,
such as a quantum dot. Here, the first light-emitting layer
1424 and the carrier generation layer 1425 may be disposed
inside the insulating pattern IP. For example, an upper end
portion of the insulating pattern IP may have a protruding
shape having a constantly inclined surface inwardly in each
of the pixel region SP1, SP2 and SP3, and the first light-
emitting layer 142a and the carrier generation layer 14256
which are disposed on the first electrode 141 may be
surrounded by the inclined surface of the insulating pattern
1P.

[0047] The first light-emitting layer 142a and the carrier
generation layer 1426 may be formed to have a relatively
thicker end due to the inner inclined surface of the insulating
pattern IP. However, the present disclosure is not limited
thereto. For example, the light emitting portion 142 may be
formed to have a relatively thinner end on the insulating
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pattern IP and a portion of the light emitting portion 142 may
have a shape that is cut at an upper portion of the air gap AG.
For example, the first light-emitting layer 142a and the
carrier generation layer 1425 may have a shape that is cut at
the upper portion of the air gap AG to be disconnected from
the first light-emitting layer 1424 and the carrier generation
layer 1424 in the adjacent pixel regions, and only the second
light-emitting layer 142¢ may have a shape which covers the
upper portion of the air gap AG to be connected to the
second light-emitting layer 142¢ in the adjacent pixel
regions.

[0048] As described above, each of the first light-emitting
layer 142a and the carrier generation layer 1426 may be
disposed separately in each of the plurality of pixel regions
SP1, SP2, and SP3 due to the insulating pattern IP. The first
light-emitting layer 142a and the carrier generation layer
1426 may be completely separated in each of the plurality of
pixel regions SP1, SP2, and SP3. Alternatively, the first
light-emitting layer 142a¢ and the carrier generation layer
1425 may be partially separated in each of the plurality of
pixel regions SP1, SP2, and SP3. For example, one portion
of the first light-emitting layer 1424 and the carrier genera-
tion layer 1425 may be separated in between the adjacent
pixel regions, and the other portion of the first light-emit ting
layer 142a and the carrier generation layer 1425 may be
connected.

[0049] Accordingly, leakage current can be prevented or
reduced from flowing to adjacent pixel regions, and thus
degradation of image quality which is caused due to unin-
tentional driving of the adjacent pixel regions can be pre-
vented or reduced.

[0050] The second light-emitting layer 142¢ may be dis-
posed on the carrier generation layer 1425, the insulating
pattern IP, and the air gap AG. Here, unlike the first
light-emitting layer 142a and the carrier generation layer
1425, the second light-emitting layer 142¢ may be disposed
over a substantially entire surface of the substrate 110
including the plurality of pixel regions SP1, SP2, and SP3.
The second light-emitting layer 142¢ in each of the pixel
regions SP1, SP2, and SP3 may have a shape in which both
ends protrude upward due to the shapes of the insulating
pattern IP, the first light-emitting layer 142a, and the carrier
generation layer 142b.

[0051] Here, the both ends that protrude upward of the
second light-emitting layer 142¢ formed in each of the pixel
regions SP1, SP2, and SP3 may be connected to each other.
Accordingly, the second light-emitting layer 142¢ may be
formed on the substantially entire surface of the substrate
110 including the pixel regions SP1, SP2, and SP3 with
protrusions PP that are formed to correspond to the bound-
aries of the plurality of pixel regions SP1, SP2, and SP3.
[0052] Further, the second light-emitting layer 142¢ may
have a shape that is concave in a region between the
protrusions PP. However, the present disclosure is not lim-
ited thereto, and the region between the protrusions PP may
be flat.

[0053] A gap may be formed in a lower portion of the
protrusion PP. The gap in the lower portion of the protrusion
PP forms a portion of the air gap AG.

[0054] As described above, each of the first light-emitting
layer 142a and the carrier generation layer 1425, which are
formed separately in each of the pixel regions SP1, SP2, and
SP3 due to the air gaps AG, and the second light-emitting
layer 142¢, which is formed on the substantially entire
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surface of the substrate 110 including the pixel regions SP1,
SP2, and SP3, overlap to form the light emitting portion 142.
[0055] The second electrode 143 for supplying one of
electrons or holes to the light emitting portion 142 may be
disposed on the light emitting portion 142. Here, the second
electrode 143 may be a cathode or an anode. A case in which
the second electrode 143 of the electroluminescent display
device 100 according to the embodiment of the present
disclosure is a cathode will be described as an example.
[0056] Here, the second electrode 143 is formed to follow
the morphology of the light emitting portion 142. For
example, the second electrode 143 may be formed to have
a shape that follows the morphology of the second light-
emitting layer 142¢ including the protrusion PP. Further, the
second electrode 143 may be formed to have protruding
portions that protrude to correspond to the boundaries of the
plurality of pixel regions SP1, SP2, and SP3 and a concave
portion between the protruding portions, along the shape of
the second light-emitting layer 142¢. However, the present
disclosure is not limited thereto. For example, a portion
between the protruding portions may be formed to be flat.
The second electrode 143 may be formed of a TCO material
such as ITO or indium zinc oxide (IZO) capable of trans-
mitting light, or may be formed of a semi-transmissive
conductive material, such as magnesium (Mg), silver (Ag),
or an alloy of magnesium (Mg) and silver (Ag).

[0057] As described above, the first electrode 141, the
insulating pattern IP, the light emitting portion 142, and the
second electrode 143 overlap to form each of the light-
emitting diodes D1, D2, and D3. The light-emitting diodes
D1, D2, and D3 may be respectively disposed to correspond
to the pixel regions SP1, SP2, and SP3 by the air gaps AG.
Further, an upper end of the air gap AG may be positioned
at a higher level than an upper portion of the insulating
pattern IP.

[0058] Accordingly, a path of light that is obliquely output
from the light emitting portion 142 of each of the light-
emitting diodes D1, D2, and D3 is changed in a vertical
direction by the insulating pattern IP and the air gap AG.
Then, the light is output to the outside, and thus light
extraction efliciency can be improved, and at the same time,
color mixing can be prevented or reduced.

[0059] The encapsulation layer 170 may be disposed on
the second electrode 143. Here, the encapsulation layer 170
may include a first encapsulation layer 171 and a second
encapsulation layer 173.

[0060] The first encapsulation layer 171 may be formed to
follow the morphology of the second electrode 143. For
example, the first encapsulation layer 171 may be formed to
have protruding portions which protrude to correspond to
the boundaries of the plurality of pixel regions SP1, SP2, and
SP3 and a concave portion between the protruding portions.
However, the present disclosure is not limited thereto, and a
portion between the protruding portions may be formed to
be flat.

[0061] Here, the first encapsulation layer 171 may be
formed of an inorganic film and may have a multilayer
structure. For example, the first encapsulation layer 171 may
include at least one layer formed of silicon nitride, alumi-
num nitride, zirconium nitride, titanium nitride, hafnhium
nitride, tantalum nitride, silicon oxide, aluminum oxide,
and/or titanium oxide.

[0062] The second encapsulation layer 173 may be dis-
posed on the first encapsulation layer 171. The second
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encapsulation layer 173 may be formed of an organic film
and may have a multilayer structure. Further, the second
encapsulation layer 173 may have a flat upper surface.
[0063] Meanwhile, the color filter layer 180 may be dis-
posed on the encapsulation layer 170. For example, the color
filter layer 180 may be disposed on the second encapsulation
layer 173. Here, the color filter layer 180 may include the
color filter patterns 181, 183, and 185, which are respec-
tively formed to correspond to the pixel regions SP1, SP2,
and SP3.

[0064] In the color filter layer 180 of the electrolumines-
cent display device 100, a black matrix is omitted between
the color filter patterns 181, 183, and 185 so that a light
emitting area may be increased. A path of light, which is
obliquely output from each of the light-emitting diodes D1,
D2, and D3 in the pixel regions SP1, SP2, and SP3, is
changed in a vertical direction by the insulating pattern IP
which is formed in each of the pixel regions SP1, SP2, and
SP3 and the air gaps AG which are formed at the boundaries
of the pixel regions SP1, SP2, and SP3 and the light may be
output to an upper region corresponding to each of the pixel
regions SP1, SP2, and SP3, and thus light extraction effi-
ciency can be improved, and at the same time, color mixing
can be effectively prevented or reduced.

[0065] Further, the carrier generation layer 1425 is sepa-
rately formed in each of the pixel regions SP1, SP2, and SP3
by the insulating pattern IP. As such, leakage current can be
prevented or reduced from flowing to adjacent pixel regions.
Thus, degradation of image quality that is caused due to
unintentional driving of the adjacent pixel regions can be
prevented or reduced.

[0066] FIG. 3 is an enlarged view of a portion of an
electroluminescent display device according to the example
embodiment of FIG. 2.

[0067] As shown in FIG. 3, the electroluminescent display
device 100 of FIG. 2 may include a substrate 110, a
light-emitting diode D on the substrate 110, an encapsulation
layer 170 on the light-emitting diode D, and a color filter
layer 180 on the encapsulation layer 170. A gate insulating
layer 124, an interlayer insulating layer 128, and a passiva-
tion layer 134 may be disposed between the substrate 110
and the light-emitting diode D.

[0068] Here, holes are formed in the passivation layer 134
and the interlayer insulating layer 128 to correspond to
boundaries of pixel regions SP. The hole, which is formed in
the passivation layer 134 and the interlayer insulating layer
128, forms a first portion Al of an air gap AG that separates
the pixel regions SP.

[0069] An insulating pattern IP that covers an edge of a
first electrode 141 may be disposed on the first electrode
141. For example, the insulating pattern IP that covers a side
surface and a portion of an upper surface of the first
electrode 141 may be used. Here, the insulating pattern IP
may include a first surface S1 contacting the passivation
layer 134, a second surface S2 contacting the side surface of
the first electrode 141, a third surface S3 contacting the
portion of the upper surface of the first electrode 141, a
fourth surface S4, which is an inner surface having a
constant inclination, a fifth surface S5, which is an outer
surface opposite to the fourth surface S4, and a sixth surface
S6, which is an upper surface connecting the fourth surface
S4 and the fifth surface S5.

[0070] The insulating pattern IP may be made of silicon
oxide having a refractive index of 1.3 to 1.55, but the present
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disclosure is not limited thereto. Further, the insulating
patterns IP may be separated for each pixel region SP by
holes corresponding to boundaries of the respective pixel
regions SP. Here, widths of the holes that separate the
insulating patterns IP may be the same for each pixel region
SP, but the present disclosure is not limited thereto.

[0071] The holes that separate the insulating patterns IP
for each pixel region SP form a second portion A2 of the air
gap AG that separate the respective pixel region SP. A light
emitting portion 142 may be disposed on the first electrode
141 and the insulating pattern IP. Here, the light emitting
portion 142 may emit white light. For example, the light
emitting portion 142 may have a two-stack structure with
first and second light-emitting layers 142a and 142¢, and a
carrier generation layer 1426 may be disposed between the
first light-emitting layer 142a and the second light-emitting
layer 142c.

[0072] A luminescent material of each of the first and
second light-emitting layers 142a and 142¢ may be an
organic luminescent material having a refractive index of
about 1.8 or higher, or an inorganic luminescent material,
such as a quantum dot. Here, side surfaces of the first
light-emitting layer 142a and the carrier generation layer
14256 may contact the fourth surface S4 of the insulating
pattern IP. For example, the first light-emitting layer 142a
may be disposed on the first electrode 141 and may have a
shape that is surrounded by the fourth surface S4 of the
insulating pattern IP. The carrier generation layer 1425 may
be disposed on the first light-emitting layer 142a and may
have a shape that is surrounded by the fourth surface S4 of
the insulating pattern IP.

[0073] As described above, each of the first light-emitting
layer 142a and the carrier generation layer 14256 may be
disposed separately in each of the plurality of pixel regions
SP due to being surrounded by the fourth surface S4 of the
insulating pattern IP. However, the present disclosure is not
limited thereto, and the light emitting portion 142 may be
formed on the sixth surface S6 of the insulating pattern IP to
have a relatively thin thickness and a portion of the light
emitting portion 142 may have a shape that is cut at an upper
portion of the air gap AG. For example, the first light-
emitting layer 142a and the carrier generation layer 1425
may have a shape that is cut at the upper portion of the air
gap AG to be disconnected from the first light-emitting layer
142q and the carrier generation layer 1425 in the adjacent
pixel regions and only the second light-emitting layer 142¢
may have a shape that covers the upper portion of the air gap
AG to be connected to the second light-emitting layer 142¢
in the adjacent pixel region.

[0074] Accordingly, leakage current can be prevented or
reduced from flowing to adjacent pixel regions by the carrier
generation layer 142b. Thus, degradation of image quality
caused by unintentional driving of the adjacent pixel regions
can be prevented or reduced.

[0075] The second light-emitting layer 142¢ may be dis-
posed on the carrier generation layer 1425, the insulating
pattern IP, and the air gap AG. Here, unlike the first
light-emitting layer 142a and the carrier generation layer
1425, the second light-emitting layer 142¢ may be disposed
over the substantially entire surface of the substrate 110
including the plurality of pixel regions SP.

[0076] For example, the second light-emitting layer 142¢
in each pixel region SP may be formed to follow the
morphology of the upper surface of the carrier generation
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layer 1424 and the fourth surface S4 and the sixth surface S6
of the insulating pattern IP and may have a shape that
extends to the boundary of the pixel region SP so that both
ends thereof protrude upward. Here, the both ends, which
protrude upward the second light-emitting layer 142¢
formed in each pixel region SP, may be connected to each
other at the boundary of the pixel region SP.

[0077] Accordingly, the second light-emitting layer 142¢
may be formed on the substantially entire surface of the
substrate 110 including the plurality of pixel regions SP. The
second light-emitting layer 142¢ may have protrusions PP
that are respectively formed to correspond to the boundaries
of the plurality of pixel regions SP. A gap may be formed in
a lower portion of the protrusion PP, and the gap in the lower
portion of the protrusion PP forms a third portion A3 of the
air gap AG.

[0078] The above-described structure of the second light-
emitting layer 142¢ is merely an example, and the present
disclosure is not limited thereto. The second light-emitting
layer 142¢ may be separately formed for each pixel region
SP.

[0079] As described above, the air gap AG may include
the first portion Al formed in the passivation layer 134 and
the interlayer insulating layer 128, the second portion A2
formed between the insulating patterns IP, and the third
portion A3 formed at the lower portion of the protrusion PP.
For example, the air gap AG may be divided into the first
portion A1, which contacts the passivation layer 134 and the
interlayer insulating layer 128, the second portion A2, which
contacts the insulating pattern 1P, and the third portion A3,
which contacts the protrusion PP of the second light-emit-
ting layer 142¢.

[0080] Further, the first portion A1, the second portion A2,
and the third portion A3 of the air gap AG may be disposed
in parallel to a first axis 1X perpendicular to the substrate
110. The first portion Al and the second portion A2 of the
air gap AG may have a constant width and the third portion
A3 of the air gap AG may have a decreasing width upward,
but the present disclosure is not limited thereto.

[0081] The air gap AG may be formed to have a refractive
index of 1.0, but a material having a refractive index of 1.0
to 1.55 other than the air gap AG may be provided. The
plurality of pixel regions SP may be separated by the air gaps
AG.

[0082] The second electrode 143 may be disposed on the
light emitting portion 142. Here, the second electrode 143 is
formed to follow the morphology of the light emitting
portion 142. For example, the second electrode 143 may be
formed to have a shape that follows the morphology of the
second light-emitting layer 142¢ including the protrusion PP.

[0083] As described above, the first electrode 141, the
insulating pattern IP, the light emitting portion 142, and the
second electrode 143 overlap to form the light-emitting
diode D. The light-emitting diode D may be disposed to
correspond to each pixel region SP by the air gap AG.

[0084] The encapsulation layer 170, including a first
encapsulation layer 171 and a second encapsulation layer
173, may be disposed on the second electrode 143. Here, the
first encapsulation layer 171 may be formed to follow the
morphology of the second electrode 143. The second encap-
sulation layer 173 disposed on the first encapsulation layer
171 may have a flat upper surface. The color filter layer 180
may be disposed on the second encapsulation layer 173.
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[0085] As described above, in the color filter layer 180 of
the electroluminescent display device 100 of FIG. 2, a black
matrix may be omitted between color filter patterns 181,
183, and 185 so that an emissive area may be increased. As
such, paths of rays of light .1 and 1.2, which are obliquely
output from the light-emitting diode D in each pixel region
SP, are changed in a vertical direction by the insulating
pattern IP which is formed in each pixel region SP and the
air gap AG which are formed at the boundary of each pixel
region SP and the rays of light L1 and 1.2 may be output to
an upper region corresponding to each pixel region SP. Thus,
light extraction efficiency can be improved and at the same
time, color mixing can be effectively prevented or reduced.
[0086] Further, the carrier generation layer 1425 is sepa-
rately formed in each pixel region SP by the insulating
patterns IP, and leakage current can be prevented or reduced
from flowing to adjacent pixel regions. Thus, degradation of
image quality that is caused due to unintentional driving of
the adjacent pixel regions can be prevented or reduced.
[0087] FIGS. 4A to 41 are cross-sectional views showing
a method of manufacturing the electroluminescent display
device according to the example embodiment of the present
disclosure shown in FIGS. 2 and 3.

[0088] As shown in FIG. 4A, a substrate 110 including a
plurality of pixel regions SP is prepared, a gate insulating
layer 124 is formed on the substrate 110, an interlayer
insulating layer 128 is formed on the gate insulating layer
124, a passivation layer 134 is formed on the interlayer
insulating layer 128, and first electrode 141 is formed on the
passivation layer 134 for each pixel region SP. Although not
shown, thin film transistor which is electrically connected to
the first electrode 141 is disposed in each pixel region SP.
[0089] The substrate 110 made of a transparent glass
material or an insulating material having relatively high
flexibility, such as a transparent plastic or a polymer film, is
prepared. An inorganic insulating material is deposited on a
substantially entire surface of the substrate 110 by a depo-
sition method such as plasma-enhanced chemical vapor
deposition (PECVD) to form the gate insulating layer 124.
[0090] The interlayer insulating layer 128 and the passi-
vation layer 134, which are made of an organic or inorganic
insulating material, are formed on the gate insulating layer
124 by a method such as PECVD, spin coating, spinless
coating, or the like. A TCO material layer such as ITO or
1ZO or a metal material layer having a relatively high
reflectance is formed on a substantially entire surface of the
passivation layer 134 and selectively removed by a photo-
lithography process to form the first electrodes 141 sepa-
rated for each pixel region SP.

[0091] Next, as shown in FIG. 4B, an insulating material
layer I made of a silicon oxide film or the like is deposited
on the substantially entire surface of the passivation layer
134 on which the first electrodes 141 are formed. In this
case, a refractive index of the insulating material layer IL
may be in a range of 1.3 to 1.55.

[0092] Next, as shown in FIG. 4C, a photoresistor layer
may be formed on the insulating material layer 1L, and a
photoresist pattern PR may be formed on the insulating
material layer IL by a photolithography process using a
mask pattern. In this case, the photoresist pattern PR is
formed to overlap a portion between adjacent first electrodes
141 and ends of the first electrodes 141.

[0093] Next, as shown in FIG. 4D, in the insulating
material layer IL on which the photoresist pattern PR is
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formed, a region of the insulating material layer IL on which
the photoresist pattern PR is not formed is etched using a
radiative ion etching (ME) process, the photoresist pattern
PR is removed by a strip process, and the insulating material
pattern IPL, which covers a side surface and a portion of an
upper surface of the first electrode 141, is formed. In this
case, an inner surface of the insulating material pattern TPL
may be formed to have a constant tapered shape being
inclined with respect to the upper surface of the first elec-
trode 141.

[0094] Next, as shown in FIG. 4E, a photoresistor layer
may be formed on the first electrode 141 and the insulating
material pattern IPL, and a photoresist pattern PR, through
which a central region of the insulating material pattern IPL
corresponding to a boundary of each pixel region SP is
exposed, may be formed by a photolithography process
using a mask pattern.

[0095] Next, as shown in FIG. 4F, a region of the insu-
lating material layer IPL in which the photoresist pattern PR
is not formed is etched, and the interlayer insulating layer
128 and the passivation layer 134 below the region are also
etched at the same time. The photoresist pattern PR is
removed by a strip process, and a hole H corresponding to
each of the boundaries of the plurality of pixel regions SP is
formed in the insulating material pattern IPL, and the
interlayer insulating layer 128 and the passivation layer 134.

[0096] Accordingly, the insulating patterns [P, which are
separated for each pixel region SP and cover the side surface
and the portion of the upper surface of the first electrode 141,
may be formed.

[0097] As shown in FIG. 4G, a light emitting portion 142
and a second electrode 143 are formed on the first electrode
141 and the insulating patterns IP. Here, a first light-emitting
layer 142a, a carrier generation layer 1425, and a second
light-emitting layer 142¢ are formed to follow morphologies
of the first electrode 141 and the insulating pattern IP that are
formed on the substrate 110. However, the present disclosure
is not limited thereto, and the present disclosure may also be
applicable to a three-stack structure or an n-stack structure
rather than a two-stack structure.

[0098] To this end, although not shown in detail, a first
hole injection layer, a first hole transport layer, a blue light
light-emitting layer, a first electron transport layer, and a
carrier generation layer are sequentially formed on the first
electrode 141 surrounded by the insulating patterns IP. In
this case, any one of the first hole injection layer and the first
hole transport layer may be omitted.

[0099] An electron injection layer may be further formed
on the first electron transport layer to facilitate injection of
electrons. The carrier generation layer 1425 may include an
N layer for generating electrons and a P layer for generating
holes.

[0100] Next, a second light-emitting layer 142¢ including
one light-emitting layer or at least two light-emitting layers
may be formed on the carrier generation layer 1425 to cover
the carrier generation layer 1424 and the insulating patterns
IP. For example, a second hole injection layer, a second hole
transport layer, red and green light-emitting layers, a second
electron transport layer, and an electron injection layer may
be sequentially formed on the carrier generation layer 1425
and the insulating patterns IP. In this case, any one of the
second hole injection layer and the second hole transport
layer may be omitted.
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[0101] As described above, the present disclosure is not
limited to a two-stack structure and the present disclosure
may also be applicable to a three-stack structure or an
n-stack structure rather than a two-stack structure. For
example, the present disclosure may have a three-stack
structure in which a second light-emitting layer including
vellow and green light-emitting layers are stacked on the
above described first light-emitting layer and a third light-
emitting layer including a blue light-emitting layer is
stacked on the second light-emitting layer. In this case, the
carrier generation layer may be disposed not only between
the first light-emitting layer and the second light-emitting
layer but also between the second light-emitting layer and
the third light-emitting layer.

[0102] Meanwhile, each of the first light-emitting layer
142a and the carrier generation layer 1425 may be deposited
separately for each pixel region SP due to a stepped portion
between the insulating pattern IP and the first electrode 141.
Accordingly, each of the first light-emitting layer 142a and
the carrier generation layer 14254 may be disconnected from
each other for each pixel region SP.

[0103] Further, the first light-emitting layer 142a and the
carrier generation layer 1426 may cover the upper surface of
the insulating pattern IP and may be disconnected from each
other by the hole H, which is formed in the insulating
material pattern IPL, and corresponds to the boundary of
each of the plurality of pixel regions SP. The second
light-emitting layer 142c¢ that is disposed on the carrier
generation layer 1425 may be deposited in a state of being
connected to each other by the deposited thickness. Accord-
ingly, the first light-emitting layer 142a and the carrier
generation layer 14256, which are separated in each of the
plurality of pixel regions SP, and the second light-emitting
layer 142¢, which is disposed on entire surfaces of the
plurality of pixel regions SP, may be formed.

[0104] Due to the shape of the insulating pattern IP, the
second light-emitting layer 142¢ may include protrusions PP
corresponding to boundaries of the plurality of pixel regions
SP. Accordingly, the second light-emitting layer 142¢ is
formed over the hole H, which is formed in the insulating
pattern IP, the passivation layer 134, and the interlayer
insulating layer 128, and an air gap AG corresponding to the
boundary of each of the plurality of pixel regions SP is
formed.

[0105] Next, the second electrode 143, which is made of
a conductive film formed to follow the morphology of the
second light-emitting layer 142¢ including the protrusion PP,
is formed. The conductive film may be formed of a TCO
material, such as ITO or IZ0, capable of transmitting light,
or may be formed of a semi-transmissive conductive mate-
rial, such as magnesium (Mg), silver (Ag), or an alloy of
magnesium (Mg) and silver (Ag). Accordingly, a light-
emitting diode D composed of the first electrode 141, the
light emitting portion 142, the second electrode 143, and the
insulating pattern IP is formed.

[0106] Next, as shown in FIG. 4H, a thin film encapsula-
tion layer 170 having a predetermined thickness is formed
on the second electrode 143 to seal the light-emitting diode
D. Here, a first encapsulation layer 171, which follows the
morphology of the second electrode 143, is formed using
chemical vapor deposition (CVD) or atomic layer deposi-
tion. In this case, the first encapsulation layer 171 may be
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made of aluminum oxide (AlQ,) or a silicon-based inorganic
film and the first encapsulation layer 171 may be a single
layer or a multilayer.

[0107] A second encapsulation layer 173 having a flat
upper surface is formed on the first encapsulation layer 171.
In this case, the second encapsulation layer 173 may be
formed of an organic film. For example, a polymer material
such as an acrylic-based resin, an epoxy-based resin, poly-
imide, or polyethylene may be used as the second encapsu-
lation layer 173.

[0108] Next, as shown in FIG. 41, a color filter layer 180
is formed on the second encapsulation layer 173. For
example, blue, red, and green color filter patterns 181, 183,
and 185 may be formed in regions corresponding to the
respective pixel regions SP on the second encapsulation
layer 173.

[0109] As described above, in the color filter layer 180 of
the electroluminescent display device 100 of FIG. 2, a black
matrix may be omitted between the color filter patterns 181,
183, and 185 so that a light emitting area may be increased.
[0110] Further, paths of rays of light L1 and 1.2 of FIG. 3,
which are obliquely output from the light-emitting diode D
in each pixel region SP, are changed in a vertical direction
by the insulating pattern IP which is formed in each pixel
region SP and the air gaps AG which are formed at the
boundary of each pixel region SP and the rays of light L1
and 1.2 may be output to an upper region corresponding to
each pixel region SP. Thus, light extraction efficiency can be
improved and at the same time, color mixing can be effec-
tively prevented or reduced.

[0111] Further, because the carrier generation layer 1425 is
separately formed in each pixel region SP by the insulating
pattern IP, leakage current can be prevented or reduced from
flowing to adjacent pixel regions. Thus, degradation of
image quality caused by unintentional driving of the adja-
cent pixel regions can be prevented or reduced.

[0112] In embodiments of the present disclosure, air gaps
are formed at boundaries of pixel regions, an insulating
pattern is formed to cover an edge of a first electrode and a
portion of a side surface of a light emitting portion. A carrier
generation layer is separately formed in each of the plurality
of pixel regions.

[0113] As described above, in the present disclosure, the
carrier generation layer is cut by the air gap to improve light
extraction efliciency and prevent current leakage and color
mixing. However, the present disclosure is not limited
thereto. The gist of the present disclosure is an air gap
formed over the substrate, which may separate the plurality
of pixel regions. In an electroluminescent display device, the
driving of one pixel region may affect adjacent pixel region.
Thus, to separate the plurality of pixel regions may bring
better display effect. In some embodiments, at least one
portion of the light emitting portion in a direction perpen-
dicular to the substrate are disposed separately in each of the
plurality of pixel regions due to the air gap. For example, the
light emitting portion may include one or more functional
layers. If necessary, one functional layer, more functional
layers, or even all of the functional layers of the light
emitting portion may be cut by the air gap, or a portion of
one layer may be cut by the air gap. In addition, in some
embodiments, an insulating pattern may be configured to
surround the at least one portion of the light emitting portion
which is disposed separately without covering an edge of the
first electrode. Though the protrusion is described above, in
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some embodiments, the second light-emitting layer includes
a recess above the air gap rather than the protrusion, and the
second electrode and the first encapsulation layer follow a
morphology of the second light-emitting layer including the
recess.

[0114] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
electroluminescent display device of the present disclosure
without departing from the technical idea or scope of the
disclosure. Thus, it is intended that the present disclosure
cover the modifications and variations of this disclosure
provided they come within the scope of the appended claims
and their equivalents.

What is claimed is:

1. An electroluminescent display device, comprising:

a substrate including a plurality of pixel regions;

an air gap over the substrate and configured to separate the

plurality of pixel regions;

a first electrode in each of the plurality of pixel regions;

a light emitting portion on the first electrode; and

a second electrode on the light emitting portion.

2. The electroluminescent display device of claim 1,
wherein each of the plurality of pixel regions is completely
separated by the air gap.

3. The electroluminescent display device of claim 1,
wherein one portion of each of the plurality of pixel regions
is separated, and the other portion of each of the plurality of
pixel regions is connected.

4. The electroluminescent display device of claim 1,
wherein

at least one portion of the light emitting portion in a

direction perpendicular to the substrate are disposed
separately due to the air gap.

5. The electroluminescent display device of claim 1,
wherein the light emitting portion includes a first light-
emitting layer, a carrier generation layer, and a second
light-emitting layer which are sequentially stacked, and the
carrier generation layer is disposed separately in each of the
plurality of pixel regions spaced apart by the air gap.

6. The electroluminescent display device of claim 5,
further comprising: an insulating pattern covering an edge of
the first electrode,

wherein the light emitting portion is further disposed on

the first electrode and the insulating pattern.

7. The electroluminescent display device of claim 6,
wherein the light emitting portion is formed on a surface of
the insulating pattern facing each other at one air gap.

8. The electroluminescent display device of claim 6,
wherein the insulating pattern is disposed separately in each
of the plurality of pixel regions spaced apart by the air gap.

9. The electroluminescent display device of claim 7,
wherein the air gap includes a first portion contacting the
insulating pattern and a second portion contacting the sec-
ond light-emitting layer, and

wherein a width of the second portion is decreased toward

an upper portion of the second portion.

10. The electroluminescent display device of claim 9,
wherein a width of the first portion of the air gap is constant.

11. The electroluminescent display device of claim 9,
wherein the second light-emitting layer includes a protru-
sion, and

wherein the protrusion covers an upper portion of the air

gap, is formed on entire surfaces of the plurality of
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pixel regions, and is formed to correspond to each of
boundaries of the plurality of pixel regions.

12. The electroluminescent display device of claim 11,
further comprising a first encapsulation layer on the second
electrode.

13. The electroluminescent display device of claim 12,
wherein the second electrode and the first encapsulation
layer follow a morphology of the second light-emitting layer
including the protrusion.

14. The electroluminescent display device of claim 13,
further comprising:

a second encapsulation layer having a flat upper surface

and on the first encapsulation layer; and

a color filter layer on the second encapsulation layer.

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

a passivation layer between the substrate and the first

electrode; and

an interlayer insulating layer between the substrate and

the passivation layer,
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wherein each of the passivation layer and the interlayer
insulating layer is disposed separately in each of the
plurality of pixel regions spaced apart by the air gap.

16. The electroluminescent display device of claim 5,
wherein the first light-emitting layer has a concave shape.

17. The electroluminescent display device of claim 5,
wherein the second light-emitting layer has a concave shape.

18. The electroluminescent display device of claim 5,
wherein the second electrode has a concave shape.

19. The electroluminescent display device of claim 14,
wherein the color filter layer includes color filter patterns
corresponding to each of the plurality of pixel regions, and
there is no black matrix between the color filter patterns.

20. The electroluminescent display device of claim 6,
wherein a path of light, which is obliquely output from the
light-emitting portion of each of the plurality of pixel
regions, is changed in a direction perpendicular to the
substrate by the insulating pattern and the air gap.
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