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ELECTROLUMINESCENT DISPLAY AND
METHOD OF MANUFACTURING THE SAME

[0001] This application claims the benefit of Korean Pat-
ent Application No. 10-2017-0112536, filed on Sep. 4, 2017,
which is incorporated herein by reference for all purposes as
if fully set forth herein.

BACKGROUND

Technical Field

[0002] The present disclosure relates to an electrolumi-
nescent display and a method of manufacturing the same.

Description of the Related Art

[0003] With the development of information technology,
the market for display devices used as an interface medium
between a user and information has grown. Thus. the use of
various types of display devices, such as an electrolumines-
cent display, a liquid crystal display, and a plasma display
panel, has been on the rise.

[0004] A display device includes a display panel including
a plurality of subpixels, a driver for driving the display
panel, a power supply unit for supplying electric power to
the display panel, and the like. The driver includes a scan
driver for supplying a scan signal (or referred to as a “gate
signal”) to the display panel, a data driver for supplying a
data signal to the display panel, and the like.

[0005] An electroluminescent display can display an
image through a light emitting operation of light emitting
diodes of subpixels selected by supplying a scan signal, a
data signal, etc. to the subpixels. The light emitting diode
may be formed based on an organic material or an inorganic
material.

[0006] Because an electroluminescent display displays an
image based on light generated by the light emitting diode
included in the subpixel, the electroluminescent display has
various advantages, and therefore, is spotlighted as a next
generation display device. However, the related art elec-
troluminescent display has a problem that an aperture ratio
has to be improved while reducing a current leakage of the
light emitting diodes to achieve an ultra-high resolution.

SUMMARY

[0007] Accordingly, embodiments of the present disclo-
sure are directed to an electroluminescent display and a
method of manufacturing the same that substantially obviate
one or more of the problems due to limitations and disad-
vantages of the related art.

[0008] An aspect of the present disclosure is to provide an
electroluminescent display that has a high aperture ratio.
[0009] Another aspect of the present disclosure is to
provide an electroluminescent display with light emitting
diodes having low leakage current.

[0010] Another aspect of the present disclosure is to
provide an electroluminescent display with light emitting
diodes having excellent electrical characteristics.

[0011] Another aspect of the present disclosure is to
provide an electroluminescent display with an ultra-high
resolution.

[0012] Another aspect of the present disclosure is to
provide an electroluminescent display that can be efficiently
manufactured.
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[0013] 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.

[0014] To achieve these and other aspects of the inventive
concepts, as embodied and broadly described, an electrolu-
minescent display comprises a lower substrate having a
display area with subpixel emission areas defined in the
display area; an electrode layer on the lower substrate; a
planarization layer formed on the lower substrate such that
holes are formed in the planarization layer with each hole
being adjacent to a respective one of the subpixel emission
areas; lower electrode layer in the respective subpixel emis-
sion area; a sacrificial layer surrounding the subpixel emis-
sion area and absent at an area having the lower electrode
layer; an organic emission layer on the lower electrode layer;
and an upper electrode layer on the organic emission layer.
[0015] In another aspect, a method of manufacturing an
electroluminescent display comprises forming a sacrificial
layer on a lower substrate; forming a separation layer on the
sacrificial layer on the sacrificial layer such that a portion of
the sacrificial layer is exposed; etching the sacrificial layer
such that a portion of the sacrificial layer exposed by the
separation layer is removed and such that a portion of the
sacrificial layer covered by the separation layer is undercut
to define a tapered edge of the sacrificial layer; depositing a
conductive material over the separation layer and in the
portion exposed by the separation layer to form a lower
electrode at the portion exposed by the separation layer.
[0016] In another aspect, an electroluminescent display
comprises a lower substrate having a display area with
subpixel emission areas defined in the display area; an
electrode layer on the lower substrate; a planarization layer
formed on the lower substrate, pattern holes being formed in
the planarization layer such that each pattern hole surrounds
arespective one of the subpixel emission areas; a connection
electrode layer formed on the planarization layer in a respec-
tive subpixel emission area of the subpixel emission areas
and in a respective pattern hole of the pattern holes to be
electrically connected with the electrode layer at a contact
portion of the respective pattern hole; a lower electrode layer
on the connection electrode layer in the respective subpixel
emission area, an organic emission layer on the lower
electrode layer; and an upper electrode layer on the organic
emission layer.

[0017] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the inventive concepts as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The accompanying drawings, which are included
to provide a further understanding of the disclosure and are
incorporated and constitute a part of this application, illus-
trate embodiments of the disclosure and together with the
description serve to explain various principles.

[0019] FIG. 1 is a schematic block diagram of an organic
light emitting diode (OLED) display.

[0020] FIG. 2 is a schematic diagram illustrating a circuit
configuration of a subpixel.
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[0021] FIGS. 3A and 3B illustrate detailed circuit configu-
rations of the subpixel of FIG. 2.

[0022] FIGS. 4A and 4C are a plan view and cross-
sectional views illustrating arrangements of a display panel.
[0023] FIG. 5 is a plan view of a subpixel of an OLED
display according to an example embodiment of the disclo-
sure.

[0024] FIG. 6 is a cross-sectional view taken along line
Al1-A2 of FIG. 5.

[0025] FIG. 7 is a cross-sectional view taken along line
B1-B2 of FIG. 5.

[0026] FIG. 8 is a cross-sectional view illustrating a pro-
cess for forming an organic emission layer and an upper
electrode layer in accordance with an example embodiment
of the disclosure.

[0027] FIG. 9 illustrates experimental results on a design
value and a process value of a bank layer.

[0028] FIG. 10 illustrates a comparison between an apet-
ture ratio according to an example embodiment of the
disclosure and an aperture ratio according to a related art.
[0029] FIG. 11 illustrates experimental samples for
changes in an amount of current depending on a size of an
anode electrode and a taper angle of an end of the anode
electrode.

[0030] FIGS. 12 to 14 are graphs of simulation results
illustrating changes in an amount of current for each experi-
mental sample of FIG. 11.

[0031] FIG. 15 illustrates a plan view and a cross-sectional
photograph of a contact hole according to an example
embodiment of the disclosure.

[0032] FIG. 16 illustrates an example of an overlap
between a connection electrode layer and a lower electrode
layer according to another example embodiment of the
disclosure.

[0033] FIGS. 17 to 22 are cross-sectional views illustrat-
ing a process of manufacturing a subpixel of an OLED
display according to an example embodiment of the disclo-
sure.

DETAILED DESCRIPTION

[0034] Reference will now be made in detail to embodi-
ments of the present disclosure, examples of which are
illustrated in the accompanying drawings. Wherever conve-
nient for explanation of the embodiments provided herein,
the same reference numbers will be used throughout the
drawings to refer to the same or like parts. In the present
disclosure, a detailed description of known components or
functionalities may be omitted if it is determined that a
detailed description of such known components or function-
alities may mislead or otherwise obscure the description of
the embodiments of the present disclosure.

[0035] An electroluminescent display according to
embodiments of the disclosure may be implemented as
televisions, video players, personal computers (PCs), home
theaters, smart phones, virtual reality (VR) devices, and the
like. In the following description, embodiments of the
disclosure use an organic light emitting diode (OLED)
display implemented based on an organic light emitting
diode (or referred to as “light emitting element”), as an
example of an electroluminescent display. However,
embodiments are not limited thereto. For example, an inor-
ganic light emitting diode may be used for an electrolumi-
nescent display.
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[0036] FIG. 1 is a schematic block diagram of an organic
light emitting diode (OLED) display. FIG. 2 schematically
illustrates a circuit configuration of a subpixel. FIGS. 3A and
3B illustrate detailed circuit configurations of the subpixel of
FIG. 2. FIGS. 4A to 4C are a plan view and cross-sectional
views illustrating arrangements of a display panel.

[0037] As shown in FIG. 1, an OLED display includes a
timing controller 180, a data driver 130, a scan driver 140,
adisplay panel 110, and a power supply unit 160. The timing
controller 180 receives a data signal DATA, driving signals
including a data enable signal, a vertical sync signal, a
horizontal sync signal, and a clock signal, and the like from
an image processing unit (not shown). The timing controller
180 outputs a gate timing control signal GDC for controlling
operation timing of the scan driver 140 and a data timing
control signal DDC for controlling operation timing of the
data driver 130 based on the driving signals.

[0038] The data driver 130 samples and latches the data
signal DATA received from the timing controller 180 in
response to the data timing control signal DDC supplied
from the timing controller 180 and converts a digital data
signal into an analog data signal (or referred to as “data
voltage”) using gamma reference voltages. The data driver
130 then outputs the data signal DATA to data lines DL1 to
DLn. The data driver 130 may be formed as an integrated
circuit (IC) or other suitable arrangement.

[0039] The scan driver 140 outputs a scan signal in
response to the gate timing control signal GDC supplied
from the timing controller 180. The scan driver 140 outputs
the scan signal to scan lines GL.1 to GLm. The scan driver
140 may be formed as an IC or formed on the display panel
110 in a gate-in-panel (GIP) manner (for forming a transistor
using a thin film process).

[0040] The power supply unit 160 outputs a high potential
voltage and a low potential voltage. The high potential
voltage and the low potential voltage are supplied to the
display panel 110. For example, the high potential voltage
may be supplied to the display panel 110 through a first
power line EVDD, and the low potential voltage may be
supplied to the display panel 110 through a second power
line EVSS.

[0041] The display panel 110 displays an image based on
the data signal DATA received from the data driver 130, the
scan signal received from the scan driver 140, and electric
power received from the power supply unit 160. The display
panel 110 includes subpixels SP that operate to display an
image and emit light.

[0042] The subpixels SP may include red, green, and blue
subpixels, or may include white, red, green, and blue sub-
pixels. The subpixels SP may have one or more different
emission areas depending on emission characteristics.
[0043] As shown in FIG. 2, a subpixel is positioned at an
intersection of a data line DL1 and a scan line GL1 and
includes a programming unit SC for setting a gate-to-source
voltage of a driving transistor DR and an organic light
emitting diode OLED. Transistors constituting the subpixel
may be implemented as p-type transistors or n-type transis-
tors. Further, semiconductor layers of the transistors consti-
tuting the subpixel may include amorphous silicon, poly-
crystalline silicon, or oxide. The organic light emitting diode
OLED includes an anode ANO, a cathode CAT, and an
organic emission layer between the anode ANO and the
cathode CAT. The anode ANO is connected to the driving
transistor DR.
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[0044] The programming unit SC may include at least one
switching transistor and at least one capacitor. The switching
transistor is turned on in response to the scan signal from the
scan line GL1 and, thus, applies the data voltage from the
data line DL1 to one electrode of a capacitor. The driving
transistor DR controls an amount of current depending on a
magnitude of a voltage charged to the capacitor and adjusts
an amount of light emitted from the organic light emitting
diode OLED. The amount of light emitted from the organic
light emitting diode OLED is proportional to the amount of
current supplied from the driving transistor DR. In addition,
the subpixel is connected to the first power line EVDD and
the second power line EVSS and is supplied with the high
potential voltage and the low potential voltage through the
first power line EVDD and the second power line EVSS.
[0045] As shown in FIG. 3A, a subpixel may include an
internal compensation circuit CC in addition to a switching
transistor SW, a driving transistor DR, a capacitor Cst, and
an organic light emitting diode OLED that are described
above. The internal compensation circuit CC may include
one or more transistors connected to a compensation signal
line INIT. The internal compensation circuit CC sets a
gate-to-source voltage of the driving transistor DR to a
voltage, to which a threshold voltage of the driving transistor
DR is reflected, thereby excluding changes in a luminance
resulting from the threshold voltage of the driving transistor
DR when the organic light emitting diode OLED emits light.
In this instance, the scan line GL1 includes at least two scan
lines GL1a and GL15 for controlling the switching transistor
SW and the transistors of the internal compensation circuit
CC.

[0046] As shown in FIG. 3B, a subpixel may include a
switching transistor SW1, a driving transistor DR, a sensing
transistor SW2, a capacitor Cst, and an organic light emitting
diode OLED. The sensing transistor SW2 is a transistor
which may be included in the internal compensation circuit
CC, and performs a sensing operation for a compensation
drive of the subpixel.

[0047] The switching transistor SW1 may supply a data
voltage supplied through the data line DL1 to a first node N1
in response to a scan signal supplied through the first scan
line GL1a. The sensing transistor SW2 may initialize or
sense a second node N2 between the driving transistor DR
and the organic light emitting diode OLED in response to a
sensing signal supplied through the second scan line GL15.
[0048] The circuit configurations of the subpixel shown in
FIGS. 3A and 3B are examples for facilitating understanding
of embodiments of the disclosure. In other words, embodi-
ments are not limited thereto and may use various configu-
rations including 2T (Transistor) 1C (Capacitor), 3T1C,
4T2C, 5T2C, 6T2C, 7T2C, etc.

[0049] As shown in FIGS. 4A to 4C, the display panel 110
may include a lower substrate 110a, an upper substrate 1105,
a display area AA, a pad portion PAD, a sealing member
170, and the like. At least one of the lower substrate 110a
and the upper substrate 1105 are selected from a light
transmitting material, such as from transparent resin or glass
that can transmit light. For example, the lower substrate
110a may be a silicon substrate. The display area AA
includes subpixels that emit light. The pad portion PAD
includes pads for the electrical connection with an external
substrate.

[0050] The display area AA may be disposed to occupy
almost the entire surface of the lower substrate 110q, and the
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pad portion PAD may be disposed at an edge of one side of
the lower substrate 110a. In FI1G. 4B, the display area AA
may be sealed by the sealing member 170 between the lower
substrate 110a and the upper substrate 1105 and is protected
from moisture or oxygen. Alternatively, as shown in FIG.
4C, the display area AA may be sealed using the first
substrate 110a and the second substrate 1105 alone. On the
other hand, the pad portion PAD may be exposed to the
outside. However, a sealing structure of the display panel
110 may be variously implemented, and thus embodiments
are not limited thereto.

[0051] The OLED display is classified into a bottom
emission type, in which light is emitted in a direction of the
lower substrate 110q, and a top emission type in which light
is emitted in a direction of the upper substrate 1105. How-
ever, a related art OLED display has a problem that an
aperture ratio has to be improved while reducing a current
leakage of an organic light emitting diode in order to achieve
an ultra-high resolution. Hence, embodiments of the disclo-
sure propose the following structure.

[0052] FIG. 5 is a plan view of a subpixel of an OLED
display according to an example embodiment of the disclo-
sure. FIG. 6 is a cross-sectional view taken along line A1-A2
of FIG. 5. FIG. 7 is a cross-sectional view taken along line
B1-B2 of FIG. 5. FIG. 8 is a cross-sectional view illustrating
aprocess for forming an organic emission layer and an upper
electrode layer in accordance with an example embodiment
of the disclosure.

[0053] As shown in FIGS. 5 and 6, an Nth subpixel SPn
is formed in a bankless structure, in which a bank layer is not
formed, to improve an aperture ratio. The aperture ratio
corresponds to a size (or an area) of an emission region
EMA, from which light can be substantially emitted, in an
area SPnA of the Nth subpixel SPn. The emission region
EMA of the Nth subpixel SPn is defined by not the bank
layer but a sacrificial layer 120. A remaining portion exclud-
ing the emission region EMA from the area SPnA of the Nth
subpixel SPn is defined as a non-emission region NEMA.
[0054] The Nth subpixel SPn forms a contact hole CH in
a boundary portion between subpixels, in order to improve
an aperture ratio. For example, the boundary portion
between the subpixels is provided between an area SPn-1A
of a (N-1)th subpixel SPn-1 and the area SPnA of the Nth
subpixel SPn. A portion between the area SPn-1A of the
(N-1)th subpixel SPn-1 and the area SPnA of the Nth
subpixel SPn corresponding to the boundary portion is the
non-emission region NEMA. Scan lines are generally dis-
posed in the non-emission region NEMA.

[0055] The contact hole CH is used as a path for electrical
contact (or electrical connection) between a transistor umt
TFTA and an organic light emitting diode OLED. The
contact hole CH may be disposed in an outer area of the Nth
subpixel SPn. In order to improve the aperture ratio, the
contact hole CH may be disposed in the boundary portion
between the subpixels. Namely, the contact hole CH may be
disposed over both the subpixels SPn-1 and SPn forming the
boundary portion. F1G. 5 illustrates that the contact hole CH
has a rectangular shape in which long sides are disposed in
a longitudinal direction, by way of example. However,
embodiments are not limited thereto. The outer area of the
Nth subpixel SPn is the non-emission region NEMA, and a
lower electrode layer 122 of the organic light emitting diode
OLED is not formed in the outer area of the Nth subpixel
SPn.
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[0056] An electrode layer 116 of a driving transistor
included in the transistor unit TFTA and the lower electrode
layer 122 of the organic light emitting diode OLED are
electrically connected by a connection electrode layer 119
disposed between them. The driving transistor included in
the transistor unit TFTA may have various structures. There-
fore, example embodiments of the disclosure briefly show
only the electrode layer 116 of the driving transistor and will
be described in detail focusing on a cross-sectional structure
of the Nth subpixel SPn.

[0057] The transistor unit TFTA including the driving
transistor, etc. is positioned on a lower substrate 110a. A
lower insulating layer 117 partially exposing the electrode
layer 116 of the driving transistor is positioned on the
transistor unit TFTA. The electrode layer 116 of the driving
transistor is a source electrode or a drain electrode. The
lower insulating layer 117 serves as a protective layer for
protecting the transistor unit TFTA.

[0058] A planarization layer 118 partially exposing the
electrode layer 116 of the driving transistor is positioned on
the lower insulating layer 117. The contact hole CH may be
formed by an etching process after forming the lower
insulating layer 117 and the planarization layer 118, so that
the electrode layer 116 of the driving transistor is exposed.
However, embodiments are not limited thereto.

[0059] The connection electrode layer 119 is disposed on
the planarization layer 118. The connection electrode layer
119 is positioned on an upper surface of the planarization
layer 118 and is connected to the electrode layer 116 of the
driving transistor positioned inside the contact hole CH. The
connection electrode layer 119 is positioned corresponding
to the contact hole CH and the emission region EMA. The
connection electrode layer 119 may include a portion posi-
tioned in the area SPnA of the Nth subpixel SPn and a
portion positioned in the area SPn-1A of the (N-1)th sub-
pixel SPn-1. A portion of the connection electrode layer 119
positioned in the area SPn-1A of the (N-1)th subpixel SPn-1
is a further protruding portion to reduce a process variation
and a contact resistance. Alternatively, the connection elec-
trode layer 119 may be formed to cover a portion of the
emission region EMA of the Nth subpixel SPn and a portion
of the contact hole CH.

[0060] The sacrificial layer 120 exposing a portion of the
connection electrode layer 119 is disposed on the planariza-
tion layer 118. The sacrificial layer 120 exposes only a
portion of the connection electrode layer 119 positioned on
the upper surface of the planarization layer 118 and entirely
covers a remaining portion including the contact hole CH.
The lower electrode layer 122 is positioned on the connec-
tion electrode layer 119 exposed through the sacrificial layer
120. The lower electrode layer 122 is formed only on the
connection electrode layer 119. The emission region EMA of
the Nth subpixel SPn is defined as a portion of the connec-
tion electrode layer 119 exposed through the sacrificial layer
120 or the lower electrode layer 122 positioned on the
connection electrode layer 119. The sacrificial layer 120 may
further include a light absorbing material, such as a black
based material, capable of preventing the reflection.

[0061] An organic emission layer 123 is disposed on the
sacrificial layer 120 and the lower electrode layer 122. The
organic emission layer 123 is formed to entirely cover a
display area of the lower substrate 110a. The organic emis-
sion layer 123 may include an emission layer and a func-
tional layer (for example, including a hole injection layer, a
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hole transport layer, an electron transport layer, an electron
injection layer, etc.), or may include an emission layer, a
functional layer, and a charge generation layer. The upper
electrode layer 124 is positioned on the organic emission
layer 123. The upper electrode layer 124 is formed to
entirely cover the organic emission layer 123.

[0062] The lower electrode layer 122 is dividedly formed
in areas of the subpixels. However, when the organic emis-
sion layer 123 is not dividedly formed in the subpixels and
entirely covers the display area, the organic emission layer
123 is used as a path causing a current leakage of the organic
light emitting diode OLED. As shown in FIG. 6, an upper
surface of the lower electrode layer 122 may be higher or a
same height as an upper surface of substantially flat portion
of the sacrificial layer 120, for example, at a portion of the
sacrificial layer 120 directly contacting the planarization
layer 118.

[0063] The Nth subpixel SPn forms a pattern hole LH, that
is depressed downward inside the Nth subpixel SPn, to
improve the aperture ratio and reduce the current leakage of
the organic light emitting diode OLED. The pattern hole LH
is formed in a closed curved shape (or a rectangular shape)
so as to surround the entire outer area of the Nth subpixel
SPn. The pattern hole LH is formed together with the contact
hole CH. Thus, the pattern hole LH is formed to surround the
boundary portion between the subpixels. From FIGS. 5 to 7,
because the pattern hole LH surround the subpixel, it should
be recognized that the contact hole CH can be a portion of
the pattern hole LH where the pattern hole LH crosses the
electrode layer 116. Alternatively, the pattern hole LH and
the contact hole CH can be separate.

[0064] As shown in FIG. 7, the pattern hole LH is formed
to have a depth penetrating both the lower insulating layer
117 positioned on the lower substrate 110a and the pla-
narization layer 118 positioned on the lower insulating layer
117. Namely, the pattern hole LH is formed to expose a
portion of the lower substrate 110a. However, embodiments
are not limited thereto. For example, the pattern hole LH
may be formed to expose a portion of the lower insulating
layer 117 without penetrating the lower insulating layer 117.
[0065] The sacrificial layer 120, the organic emission
layer 123, and the upper electrode layer 124 are formed
inside the pattern hole LH. The pattern hole LH has a small
inner part that is deeply inclined. Therefore, layers TL2
formed inside the pattern hole LH have a thickness less than
layers TL1 formed outside the pattern hole LH. In addition,
even if the sacrificial layer 120, the organic emission layer
123, and the upper electrode layer 124 have the same
thickness, a total thickness of the layers inside the pattern
hole LH is different from a total thickness of the layers
outside the pattern hole LH because of structural character-
istics of the pattern hole LH.

[0066] Because the organic emission layer 123 or the
organic emission layer 123 and the upper electrode layer 124
have an area having a small thickness due to the pattern hole
LH, they can narrow a path causing the current leakage
between the subpixels. Therefore, when the pattern hole LH
is formed in the structure shown in FIG. 6, the current
leakage of the organic light emitting diode OLED can be
further reduced as compared to a related art device.

[0067] As shown in portion (a) of FIG. 8, in an example
embodiment of the disclosure, when a separation layer 121
is formed on the sacrificial layer 120 and is patterned to
expose the connection electrode layer 119, an undercut
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portion is formed under the separation layer 121. The
separation layer 121 protrudes toward the inside of the
emission region EMA more than the sacrificial layer 120 due
to an undercut structure. An end of the sacrificial layer 120
that is removed when the undercut portion is formed has a
gentle taper angle.

[0068] As shown in portion (b) of FIG. 8, after the lower
electrode layer 122 is formed, the separation layer 121 is
completely removed through a lift-off process. Then, the
organic emission layer 123 and the upper electrode layer 124
are formed so that a deposition process of the organic light
emitting diode OLED is completed.

[0069] As shown in portion (b) of FIG. 8, when the lower
electrode layer 122 is formed based on the separation layer
121 having the undercut portion, the lower electrode layer
122 is self-aligned in each subpixel and is formed only on
the connection electrode layer 119. An end (or edge) of the
lower electrode layer 122 adjacent to the sacrificial layer 120
has a gentle taper angle due to the separation layer 121. The
lower electrode layer 122 is spaced from the sacrificial layer
120 defining the emission region EMA because of the
structure of the separation layer 121. Namely, the end of the
sacrificial layer 120 and the end of the lower electrode layer
122 each have a gentle positive taper shape.

[0070] Further, a thickness of the organic emission layer
(or an organic material) positioned inside the contact hole
CH decreases due to an inclined structure of the contact hole
CH, and thus, the current leakage of the organic light
emitting diode OLED is reduced. The taper angle of the end
of the lower electrode layer 122 is related to electrical
characteristics of the organic light emitting diode OLED.
This is described in detail below.

[0071] A reason why embodiments of the disclosure are
configured as described above will be described in detail
below.

[0072] FIG. 9 illustrates experimental results on a design
value and a process value of a bank layer. FIG. 10 illustrates
a comparison between an aperture ratio according to an
example embodiment of the disclosure and an aperture ratio
according to a related art. FIG. 11 illustrates experimental
samples for changes in an amount of current depending on
a size of an anode electrode and a taper angle of an end of
the anode electrode. FIGS. 12 to 14 are graphs of simulation
results illustrating changes in an amount of current for each
experimental sample of FIG. 11.

[0073] InFIG. 9, portion (a) illustrates a design value, and
portion (b) illustrates a process value. As shown in FIG. 9,
anode electrodes AN were formed on an organic substrate
GLS to be spaced from each other, and a bank layer BNK
was formed between the anode electrodes AN. It may be
desired that the design value and the process value have the
following relationship: L1=L.3 and L2=[.4. However, they
have to at least satisfy a relationship where L1 is approxi-
mately equal to L3, and L2 is approximately equal to L4.
[0074] When a manufacturing process was actually per-
formed, there was a difference between the design value and
the process value. For example, there was a difference such
that [1<LL3 and L2<L4. Because of the difference, it was
difficult to improve an aperture ratio of subpixels using a
process based on the bank layer.

[0075] On the other hand, because a process (e.g., a
self-alignment method) based on a sacrificial layer and a
separation layer is configured such that a lower electrode
layer is dividedly formed (i.e., pixelated) in the subpixels,
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the self-alignment method has a lower process variation
generation rate and better pixelation than the process based
on the bank layer. Namely, the process based on the sacri-
ficial layer and the separation layer is easier to improve the
aperture ratio than the process based on the bank layer when
a high resolution is implemented.

[0076] In FIG. 10, portion (a) illustrates a structure of a
subpixel according to a related art, and portion (b) illustrates
a structure of a subpixel according to an example embodi-
ment of the disclosure. As shown in FIG. 10, the embodi-
ment of the disclosure adopts a structure (see portion (b) in
FIG. 10) based on a sacrificial layer 121 and a separation
layer and also changes a position of a contact hole CH to a
boundary portion between the subpixels. As a result, an
example embodiment of the disclosure can further improve
a size of an emission region EMA as compared to a structure
(see portion (a) of FIG. 10) using a bank layer BNK
according to the related art.

[0077] As described above, an example embodiment of
the disclosure can easily achieve the pixelation and can
increase the emission region to an existing area occupied by
the contact hole. Therefore, the example embodiment of the
disclosure can further improve the size of the emission
region as compared to the related art.

[0078] Further, embodiments of the disclosure can control
the size of the lower electrode layer and the taper angle of
the end of the lower electrode layer based on the undercut
structure provided by the sacrificial layer and the separation
layer. Experimental samples related to this are introduced
below. However, the following experiment was conducted
based on a passive organic light emitting diode (having a
structure in which a driving transistor, etc. are omitted)
including only an anode electrode, an organic emission
layer, and a cathode electrode.

[0079] Experimental samples (a) to (¢) shown in FIG. 11
were made based on a passive organic light emitting diode
including an anode electrode AN, an organic emission layer
EML, and a cathode electrode CA positioned on a glass
substrate GLS. For example, FIG. 11 schematically illus-
trates structures of the experimental samples (a) to (c) used
to know changes in an amount of current depending on a size
of the anode electrode AN and a taper angle of an end of the
anode electrode AN.

[0080] The experimental samples (a) to (c) had the fol-
lowing relationship in a width of the anode electrode AN:
L1>[2>1.3. FIG. 11 illustrates three experimental samples,
by way of example. However, each experimental sample
further includes four samples each having a different taper
angle at the end of the anode electrode AN. In this instance,
the taper angle of the end of the anode electrode AN in the
four samples was 10°, 30°, 45°, and 90°. Simulation results
of changes in an amount of current for each experimental
sample is shown in FIGS. 12 to 14.

[0081] According to the simulation results of the experi-
mental samples, when the taper angle of the end of the anode
electrode AN was 10° to 45° the organic light emitting
diode obtained good electrical characteristics. Therefore, the
end of the anode electrode AN may be provided to have a
positive taper shape such that the taper angle of the end of
the anode electrode AN does not exceed 45°.

[0082] The example embodiments of the disclosure can
control the size of the lower electrode layer and the taper
angle of the end of the lower electrode layer. According to
the example embodiments of the disclosure and the experi-
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mental example, when the size of the lower electrode layer
and the taper angle of the end of the lower electrode layer are
provided accordingly, the electrical characteristics of the
organic light emitting diode can be improved.

[0083] FIG. 15 illustrates a plan view and a cross-sectional
photograph of a contact hole according to an example
embodiment of the disclosure. FIG. 16 illustrates an
example of an overlap between a connection electrode layer
and a lower electrode layer according to another embodi-
ment of the disclosure.

[0084] The embodiment of the disclosure can reduce a
thickness of the organic emission layer positioned inside the
contact hole because of the structural characteristics and,
thus, can reduce current leakage. A structure to illustrate this
will be shown through a photograph of FIG. 15 showing a
contact hole CH and the periphery of the contact hole CH.
Further, the embodiment of the disclosure can adjust an
overlap area required when the connection electrode layer
and the lower electrode layer contact each other. This will be
shown with reference to FIG. 16.

[0085] Portion (a) of FIG. 16 illustrates a contact structure
of a partial overlap OVR between a connection electrode
layer 119 and a lower electrode layer 122. Portion (b) of
FIG. 16 illustrates a contact structure of a half overlap OVR
between the connection electrode layer 119 and the lower
electrode layer 122. Portion (¢) of FIG. 16 illustrates a
contact structure of an entire overlap OVR between the
connection electrode layer 119 and the lower electrode layer
122.

[0086] The overlap between the connection electrode
layer 119 and the lower electrode layer 122 may vary
depending on electrical and optical characteristics of a
material of an electrode layer used in the design. The
structure shown in portion (c) of FIG. 16 can further reduce
a contact resistance as compared to other structures and is
also advantageous in improving a planarization degree.

[0087] A method of manufacturing according to embodi-
ments of the disclosure is described below. Because a pattern
hole can be formed through the same process as a contact
hole, the process for forming the pattern hole will be omitted
and is described with reference to FIG. 7.

[0088] FIGS. 17 to 22 are cross-sectional views illustrat-
ing a process of manufacturing a subpixel of an OLED
display according to an example embodiment of the disclo-
sure.

[0089] As shown in FIG. 17, a transistor unit TFTA
including a driving transistor, etc. is formed on a lower
substrate 110a. A lower insulating layer 117 is formed on the
transistor unit TFTA. A planarization layer 118 is formed on
the lower insulating layer 117 and is etched so that a portion
of an electrode layer 116 of the driving transistor is exposed,
thereby forming a contact hole CH. A connection electrode
layer 119 is formed on the planarization layer 118. In this
instance, the connection electrode layer 119 is positioned on
an upper surface of the planarization layer 118 and is
patterned to be connected to the electrode layer 116 of the
driving transistor positioned inside the contact hole CH.
Hence, the connection electrode layer 119 is positioned
corresponding to the contact hole CH and an emission
region EMA. A sacrificial layer 120 is formed on the
planarization layer 118. The sacrificial layer 120 covers the
connection electrode layer 119 and is formed on the pla-
narization layer 118.
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[0090] As shown in FIG. 18, a separation layer 121 is
formed on the sacrificial layer 120, and an etching process
is performed to expose an area to be defined as the emission
region EMA. As shown in FIG. 19, an undercut portion UC
is formed under the separation layer 121 by the etching
process. For example, the sacrificial layer 120 is removed to
provide the undercut portion UC under the separation layer
121. The sacrificial layer 120 is drawn to the inside of the
separation layer 121 so that the connection electrode layer
119 is exposed more widely than the emission region EMA.
[0091] As shown in FIG. 20, a lower electrode layer 122
is formed on the separation layer 121. The lower electrode
layer 122 is dividedly formed (pixelated) in subpixels by the
separation layer 121. The lower electrode layer 122 occupies
only an area corresponding to the emission region EMA and
is formed on the connecting electrode layer 119.

[0092] As shown in FIG. 21, the separation layer 121 is
removed. The separation layer 121 may be removed through
a lift-off process, but is not limited thereto. As the separation
layer 121 is removed, the sacrificial layer 120 and the lower
electrode layer 122 are exposed at an uppermost layer of the
lower substrate 110a.

[0093] As shown in FIG. 22, an organic emission layer
123 is formed on the sacrificial layer 120 and the lower
electrode layer 122. The organic emission layer 123 is
formed to cover an entire display area of the lower substrate
110a. The organic emission layer 123 may include an
emission layer and a functional layer (e.g., including a hole
injection layer, a hole transport layer, an electron transport
layer, an electron injection layer, etc.), or may include an
emission layer, a functional layer, and a charge generation
layer. An upper electrode layer 124 is formed on the organic
emission layer 123. The upper electrode layer 124 is formed
to entirely cover the organic emission layer 123.

[0094] As described above, the embodiments of the dis-
closure can improve the aperture ratio while reducing the
current leakage of the light emitting diode based on the
bankless structure, in which the self-alignment of the lower
electrode layer is implemented, and the structure in which
the contact hole is disposed in the outer area of the subpixel.
Further, the embodiments of the disclosure can provide the
structure having the high aperture ratio and the excellent
electrical characteristics so that the ultra-high resolution is
achieved.

[0095] 1t will be apparent to those skilled in the art that
various modifications and variations can be made in the
electroluminescent display and the method of manufacturing
the same 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, comprising:

a lower substrate having a display area with subpixel
emission areas defined in the display area;

an electrode layer on the lower substrate;

a planarization layer formed on the lower substrate such
that holes are formed in the planarization layer with
each hole being adjacent to a respective one of the
subpixel emission areas;

lower electrode layer in the respective subpixel emission
area;
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a sacrificial layer surrounding the subpixel emission area
and absent at an area having the lower electrode layer;

an organic emission layer on the lower electrode layer;
and

an upper electrode layer on the organic emission layer.

2. The electroluminescent display according to claim 1,
further comprising a connection electrode layer formed on
the planarization layer in a respective subpixel emission area
of the subpixel emission areas and in a respective hole of the
holes to be electrically connected with the electrode layer at
a contact portion of the respective hole, wherein the lower
electrode layer is on the connection electrode layer.

3. The electroluminescent display according to claim 2,
wherein each hole includes a contact hole in which the
connection electrode layer is connected to the electrode
layer, and pattern hole around the subpixel emission area,
and wherein a depth of the contact hole is less than a depth
of the pattern hole.

4. The electroluminescent display according to claim 1,
wherein each of the sacrificial layer and the lower electrode
layer include tapered edges facing each other.

5. The electroluminescent display according to claim 4,
wherein the tapered edges of the sacrificial layer and the
lower electrode layer are spaced apart.

6. The clectroluminescent display according to claim 1,
wherein each hole defines a pattern hole surrounding a
respective one of the subpixel emission areas.

7. The electroluminescent display according to claim 1,
wherein the organic emission layer is in the holes, and a
thickness of the organic emission layer in the holes is less
than a thickness of the organic emission layer on the lower
electrode.

8. The electroluminescent display according to claim 1,
wherein the sacrificial layer includes light absorbing mate-
rial.

9. The electroluminescent display according to claim 1,
wherein an upper surface of the lower electrode layer is
higher or a same height as an upper surface of the sacrificial
layer at a portion of the sacrificial layer directly contacting
the planarization layer.

10. The electroluminescent display according to claim 1,
wherein the taper angle of the lower electrode is equal to or
less than 45 degrees with respect to a surface of the
substrate.

11. A method of manufacturing an electroluminescent
display, comprising:

forming a sacrificial layer on a lower substrate;

forming a separation layer on the sacrificial layer on the

sacrificial layer such that a portion of the sacrificial
layer is exposed;

etching the sacrificial layer such that a portion of the

sacrificial layer exposed by the separation layer is
removed and such that a portion of the sacrificial layer
covered by the separation layer is undercut to define a
tapered edge of the sacrificial layer;

depositing a conductive material over the separation layer

and in the portion exposed by the separation layer to
form a lower electrode at the portion exposed by the
separation layer
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12. The method of claim 10, further comprising:

removing the separation layer;

forming an organic emission layer on the sacrificial layer
and the lower electrode; and

forming an upper electrode layer on the organic emission
layer.

13. The method of claim 10, wherein the separation layer

defines a plurality of exposed portions,

wherein the step of etching the sacrificial layer removes
respective portions of the sacrificial layer at the respec-
tive exposed portions to define respective emission
regions,

wherein the step of depositing the conductive material
simultaneously forms a plurality of lower electrodes at
the respective emission regions for a plurality of sub-
pixel areas such that the lower electrodes are self-
aligned with respect to the emission regions.

14. An electroluminescent display, comprising:

a lower substrate having a display area with subpixel
emission areas defined in the display area;

an electrode layer on the lower substrate;

a planarization layer formed on the lower substrate,
pattern holes being formed in the planarization layer
such that each pattern hole surrounds a respective one
of the subpixel emission areas;

a connection electrode layer formed on the planarization
layer in a respective subpixel emission area of the
subpixel emission areas and in a respective pattern hole
of the pattern holes to be electrically connected with the
electrode layer at a contact portion of the respective
pattern hole;

a lower electrode layer on the connection electrode layer
in the respective subpixel emission area;

an organic emission layer on the lower electrode layer;
and

an upper electrode layer on the organic emission layer.

15. The electroluminescent display according to claim 14,
wherein the organic emission layer is in the pattern holes.

16. The electroluminescent display according to claim 15,
wherein a thickness of the organic emission layer in the
pattern holes is less than a thickness of the organic emission
layer on the lower electrode.

17. The electroluminescent display according to claim 14,
further comprising a sacrificial layer in the pattern holes on
the connection layer, wherein the organic emission layer is
on the sacrificial layer in the pattern holes, and the sacrificial
layer is absent at an area having the lower electrode layer.

18. The electroluminescent display according to claim 14,
wherein the lower electrode layer includes a taper at an end
thereof.

19. The electroluminescent display according to claim 14,
wherein the electrode layer is electrically connected to a
driving transistor to receive a driving signal.

20. The electroluminescent display according to claim 14,
wherein the organic emission layer and the upper electrode
layer cover the entire display area whereas the lower elec-
trode layer is one of a plurality of lower electrode layers
dividedly disposed in respective ones of the subpixel emis-
sion areas.
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