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DISPLAY DEVICE AND MANUFACTURING
METHOD OF THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from Korean Pat-
ent Application No. 10-2022-0153217 filed on Nov. 16,
2022, in the Korean Intellectual Property Office, and all the
benefits accruing therefrom under 35 U.S.C. 119, the con-
tents of which in its entirety are herein incorporated by
reference.

BACKGROUND

1. Technical Field

[0002] The present disclosure relates to a display device
and a manufacturing method of the same.

2. Description of the Related Art

[0003] The importance of a display device is increasing
with the development of multimedia. Accordingly, various
types of display devices such as an organic light emitting
display (OLED) and a liquid crystal display (LCD) are being
used.

[0004] The organic light emitting display includes two
electrodes and an organic light-emitting layer disposed
between the two electrodes. In the organic light emitting
display, electrons injected from one electrode and holes
injected from the other electrode are combined in the organic
light-emitting layer to form excitons, and the excitons emit
light while emitting energy.

[0005] Such an organic light emitting display includes a
plurality of pixels including an organic light emitting diode
(OLED), which is a self light emitting element, and a
plurality of thin film transistors and one or more capacitors
for driving the organic light emitting diode. The thin film
transistor generates a driving current, but there is a problem
in that a leakage current affecting driving of adjacent pixels
may also occur.

SUMMARY

[0006] Aspects of the present disclosure provide a display
device capable of reducing an occurrence of a leakage
current that affects driving of adjacent pixels.

[0007] Aspects of the present disclosure also provide a
manufacturing method of a display device in which an
occurrence of leakage current affecting driving of adjacent
pixels is reduced.

[0008] However, aspects of the present disclosure are not
restricted to those set forth herein. The above and other
aspects of the present disclosure will become more apparent
to one of ordinary skill in the art to which the present
disclosure pertains by referencing the detailed description of
the present disclosure given below.

[0009] According to an aspect of the present disclosure, a
display device comprises a pixel electrode, a pixel defining
layer, a first auxiliary electrode, a second auxiliary electrode,
an intermediate layer, and a common electrode. The pixel
electrode is disposed on a substrate. The pixel defining layer
is disposed on the pixel electrode and includes an opening
extending to a portion of the pixel electrode. The first
auxiliary electrode is disposed on the portion of the pixel
electrode to which the opening of the pixel defining layer
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extends. The second auxiliary electrode is disposed on the
first auxiliary electrode. The intermediate layer is disposed
on the pixel defining layer and the second auxiliary elec-
trode. The common electrode is disposed on the intermediate
layer. The intermediate layer includes a hole injection layer,
a light-emitting layer, and an electron injection layer that are
sequentially stacked. A side surface of the first auxiliary
electrode is positioned inward of a side surface of the second
auxiliary electrode within the opening of the pixel defining
layer to form an undercut shape. The hole injection layer of
the intermediate layer includes a first portion disposed on a
side surface of the pixel defining layer defining the opening
of the pixel defining layer, and a second portion discon-
nected from the first portion and disposed on the second
auxiliary electrode.

[0010] In an embodiment, the intermediate layer further
includes a hole transport layer disposed between the light-
emitting layer and the hole injection layer. The hole trans-
port layer integrally extends to cover the side surface of the
pixel defining layer defining the opening of the pixel defin-
ing layer and the second auxiliary electrode.

[0011] In an embodiment, the intermediate layer further
includes an electron transport layer disposed between the
light-emitting layer and the electron injection layer. The
electron transport layer and the electron injection layer
integrally extend to cover the side surface of the pixel
defining layer defining the opening of the pixel defining
layer and the second auxiliary electrode.

[0012] Inan embodiment, the hole injection layer includes
NDP-9.
[0013] In an embodiment, the first auxiliary electrode

covers a portion of a portion of the pixel electrode to which
the opening of the pixel defining layer extends, and the
second auxiliary electrode is spaced apart from the pixel
electrode with the first auxiliary electrode interposed
between the second auxiliary electrode and the pixel elec-
trode.

[0014] In an embodiment, an undercut space defined by a
bottom surface of the second auxiliary electrode and the side
surface of the first auxiliary electrode is disposed on a top
surface of the pixel electrode.

[0015] In an embodiment, the first portion of the hole
injection layer is not in contact with the pixel electrode.
[0016] In an embodiment, the first auxiliary electrode and
the second auxiliary electrode integrally extend to cover an
entirety of the portion of the pixel electrode to which the
opening of the pixel defining layer extends and a portion of
the side surface of the pixel defining layer defining the
opening of the pixel defining layer.

[0017] In an embodiment, an undercut space defined by a
bottom surface of the second auxiliary electrode and the side
surface of the first auxiliary electrode is disposed on the side
surface of the pixel defining layer defining the opening of the
pixel defining layer.

[0018] In an embodiment, the first portion of the hole
injection layer is not in contact with the side surface of the
first auxiliary electrode.

[0019] In an embodiment, the display device further com-
prises a third auxiliary electrode disposed between the first
auxiliary electrode and the pixel electrode. A side surface of
the third auxiliary electrode is positioned outward of the side
surface of the first auxiliary electrode within the opening of
the pixel defining layer.
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[0020] In an embodiment, an undercut space defined by a
bottom surface of the second auxiliary electrode and the side
surface of the first auxiliary electrode is disposed on a top
surface of the third auxiliary electrode.

[0021] According to an aspect of the present disclosure, a
display device comprises a pixel electrode layer, a pixel
defining layer, an intermediate layer, a first auxiliary elec-
trode, a second auxiliary electrode, and a common electrode.
The pixel electrode layer includes a first pixel electrode, a
second pixel electrode, and a third pixel electrode disposed
to be spaced apart from each other on a substrate. The pixel
defining layer is disposed on the pixel electrode layer and
includes a first opening extending to a portion of the first
pixel electrode, a second opening extending to a portion of
the second pixel electrode, and a third opening extending to
a portion of the third pixel electrode. The intermediate layer
is disposed on the pixel defining layer and extends to cover
the first opening, the second opening, and the third opening
of the pixel defining layer. The first auxiliary electrode and
the second auxiliary electrode are disposed between the
intermediate layer and at least one of the first pixel electrode,
the second pixel electrode, and the third pixel electrode and
are sequentially stacked. The common electrode is disposed
on the intermediate layer and extends to cover the first
opening, the second opening, and the third opening of the
pixel defining layer. The intermediate layer includes a hole
injection layer, a light-emitting layer, and an electron injec-
tion layer that are sequentially stacked. A side surface of the
first auxiliary electrode is positioned inward of a side surface
of the second auxiliary electrode within at least one of the
first opening, the second opening, and the third opening of
the pixel defining layer to form an undercut shape. The hole
injection layer of the intermediate layer includes a first
portion disposed on a side surface of the pixel defining layer
defining each opening of the pixel defining layer, and a
second portion disconnected from the first portion and
disposed on the second auxiliary electrode.

[0022] In an embodiment, the intermediate layer further
includes a hole transport layer disposed between the hole
injection layer and the light-emitting layer, and an electron
transport layer disposed between the light-emitting layer and
the electron injection layer. The hole transport layer, the
electron transport layer, and the electron injection layer each
integrally extend and overlap the first pixel electrode, the
second pixel electrode, and the third pixel electrode.
[0023] Inanembodiment, the light-emitting layer includes
a first light-emitting layer overlapping the first pixel elec-
trode, a second light-emitting layer overlapping the second
pixel electrode, and a third light-emitting layer overlapping
the third pixel electrode. The first light-emitting layer, the
second light-emitting layer, and the third light-emitting layer
are disposed to be spaced apart from each other.

[0024] In an embodiment, the first auxiliary electrode and
the second auxiliary electrode are disposed on the first pixel
electrode and the second pixel electrode and are not dis-
posed on the third pixel electrode.

[0025] In an embodiment, a third auxiliary electrode is
disposed between the first auxiliary electrode disposed on
the first pixel electrode and the first pixel electrode. A side
surface of the third auxiliary electrode is positioned outward
of'the side surface of the first auxiliary electrode disposed on
the first pixel electrode within the first opening of the pixel
defining layer, and the first light-emitting layer emits red
light.
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[0026] In an embodiment, the first auxiliary electrode
disposed on the second pixel electrode is disposed directly
above the second pixel electrode, and the second light-
emitting layer emits green light.

[0027] In an embodiment, the first portion of the hole
injection layer disposed on the side surface of the pixel
defining layer defining the third opening of the pixel defin-
ing layer integrally extends to cover a top surface of the third
pixel electrode, and the third light-emitting layer emits blue
light.

[0028] According to an aspect of the present disclosure, a
manufacturing method of a display device comprises form-
ing a pixel electrode on a substrate. A pixel defining layer
including an opening extending to a portion of the pixel
electrode on the pixel electrode is formed. A first auxiliary
electrode layer and a second auxiliary electrode layer dis-
posed on the pixel defining layer and extending to cover the
opening of the pixel defining layer are sequentially formed.
A photoresist layer on a portion of the second auxiliary
electrode layer overlapping a portion of the pixel electrode
to which the opening of the pixel defining layer extends is
formed. A second auxiliary electrode is formed by etching a
portion of the second auxiliary electrode layer that does not
overlap the photoresist layer. A first auxiliary electrode is
formed by etching a portion of the first auxiliary electrode
layer that does not overlap the photoresist layer. An undercut
shape in which a side surface of the first auxiliary electrode
is positioned inward of a side surface of the second auxiliary
electrode within the opening of the pixel defining layer is
formed by etching the side surface of the first auxiliary
electrode. A hole injection layer including a first portion
disposed on a side surface of the pixel defining layer
defining the opening of the pixel defining layer and a second
portion disconnected from the first portion and disposed on
the second auxiliary electrode is formed.

[0029] In the display device according to an embodiment,
an occurrence of leakage current affecting driving of adja-
cent pixels may be reduced.

[0030] The manufacturing method of a display device
according to an embodiment may provide a display device
in which an occurrence of leakage current affecting driving
of adjacent pixels is reduced.

[0031] However, the effects of the embodiments are not
restricted to the one set forth herein. The above and other
effects of the embodiments will become more apparent to
one of daily skill in the art to which the embodiments pertain
by referencing the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The above and other aspects and features of the
present disclosure will become more apparent by describing
in detail embodiments thereof with reference to the attached
drawings.

[0033] FIG. 1 is a perspective view of a display device
according to an embodiment.

[0034] FIG. 2 is a schematic block diagram of a display
device according to an embodiment.

[0035] FIG. 3 is an equivalent circuit diagram of a pixel of
the display device according to an embodiment.

[0036] FIG. 4 is a plan view illustrating a structure of
pixels of the display device according to an embodiment.
[0037] FIG. 5 is a cross-sectional view schematically
illustrating a cross section taken along line X1-X1' of FIG.
4.
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[0038] FIG. 6 is an enlarged view of area Al of FIG. 5.
[0039] FIGS. 7, 8,9, 10, and 11 are views for describing
a process of manufacturing a display device according to an
embodiment.

[0040] FIG. 12 is a cross-sectional view of a pixel struc-
ture of a display device according to an embodiment.
[0041] FIG. 13 is a cross-sectional view of a pixel struc-
ture of a display device according to an embodiment.
[0042] FIG. 14 is a cross-sectional view of a pixel struc-
ture of a display device according to an embodiment.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0043] The inventive concept will now be described more
fully hereinafter with reference to the accompanying draw-
ings, in which embodiments are shown. The inventive
concept may, however, be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey the scope of the inventive concept to those skilled in
the art.

[0044] It will also be understood that when a layer is
referred to as being “on” another layer or substrate, it can be
directly on the other layer or substrate, or intervening layers
may also be present. The same reference numbers indicate
the same components throughout the specification.

[0045] It will be understood that, although the terms
“first,” “second,” etc. may be used herein to describe various
elements, these elements should not be limited by these
terms. These terms are only used to distinguish one element
from another element. For instance, a first element discussed
below could be termed a second element without departing
from the teachings of the inventive concept. Similarly, the
second element could also be termed the first element.
[0046] Each of the features of the various embodiments of
the present disclosure may be combined or combined with
each other, in part or in whole, and technically various
interlocking and driving are possible. Each embodiment
may be implemented independently of each other or may be
implemented together in an association.

[0047] Hereinafter, embodiments will be described with
reference to the accompanying drawings.

[0048] FIG. 1 is a perspective view of a display device 1
according to an embodiment.

[0049] In FIG. 1, a first direction DR1, a second direction
DR2, and a third direction DR3 are defined. The first
direction DR1 and the second direction DR2 may be per-
pendicular to each other, the first direction DR1 and the third
direction DR3 may be perpendicular to each other, and the
second direction DR2 and the third direction DR3 may be
perpendicular to each other. It may be understood that the
first direction DR1 means a horizontal direction in the
drawings, the second direction DR2 means a vertical direc-
tion in the drawings, and the third direction DR3 means
upper and lower directions in the drawings, that is, a
thickness direction. In the following specification, unless
otherwise specified, the term “direction” may refer to both
directions toward both sides extending along the direction.
In addition, when both “directions” extending to both sides
need to be distinguished from each other, one side will be
referred to as “one side in the direction” and the other side
will be referred to as “the other side in the direction”. In FIG.
1, a direction in which an arrow indicating a direction is
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directed is referred to as one side, and an opposite direction
thereof is referred to as the other side. However, it should be
understood that the directions mentioned in the embodi-
ments refer to relative directions.

[0050] Hereinafter, for convenience of explanation, in
referring to surfaces of the display device 1 or each member
constituting the display device 1, one surface facing one side
in a direction in which an image is displayed, that is, in the
third direction DR3 is referred to as a top surface, and an
opposite surface of the one surface is referred to as a bottom
surface. However, in an embodiment, the one surface and the
other surface of the member may be referred to as a front
surface and a rear surface, respectively, or may also be
referred to as a first surface or a second surface. In addition,
in describing a relative position of each member of the
display device 1, one side in the third direction DR3 may be
referred to as an upper side and the other side in the third
direction DR3 may be referred to as a lower side.

[0051] The display device 1 may refer to any electronic
device that provides a display screen. For example, the
display device may include mobile phones, smart phones,
tablet personal computers (PCs), electronic watches, smart
watches, watch phones, mobile communication terminals,
electronic notebooks, e-books, portable multimedia players
(PMPs), navigation devices, game machines, digital cam-
eras, televisions, laptop computers, netbooks, monitors, bill-
boards, Internet of Things, and the like that provide the
display screen. The present embodiment illustrates an
example in which the display device 1 is applied to a
medium-sized portable device such as a tablet PC.

[0052] A particular planar shape of the display device 1 is
illustrated. However, in an embodiment, the planar shape of
the display device 1 may be variously modified according to
a field to which the display device 1 is applied, such as a
rectangle, a square, a rhombus, other polygons, a circle, and
an ellipse. The planar shape of the illustrated display device
1 is a rectangle with rounded corners, and long sides LS1
and LS2 are positioned parallel to the first direction DR1.
For convenience of explanation, a long side positioned on
one side, e.g., left side of a plane in the drawing, of two long
sides opposing each other of the rectangle is referred to as
a first long side L.S1, and a long side positioned on the other
side, e.g., right side of a plane in the drawing, of the two long
sides opposing each other of the rectangle is referred to as
a second long side L.S2. In addition, a short side positioned
on one side, e.g., lower side on a plane in the drawing, of two
short sides opposing each other is referred to as a first short
side SS1, and a short side positioned on the other side, e.g.,
upper side on a plane in the drawing, of the two short sides
opposing each other is referred to as a second short side SS2.
The terms of the first long side L.S1, the second long side
LS2, the first short side SS1, and the second short side SS2
will be used interchangeably to refer to the corresponding
sides even when the display device 1 as well as components
included in the display device 1 have similar shapes and
positional relationships.

[0053] The display device 1 includes a display area DA
and a non-display area NDA. The display area DA is an area
in which a screen is displayed, and the non-display area
NDA is an area in which a screen is not displayed. The terms
of the display area DA and the non-display area NDA will
be used interchangeably to refer to the corresponding areas
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even when the display device 1 as well as components
included in the display device 1 have similar shapes and
positional relationships.

[0054] A plurality of pixels PX may be disposed in the
display area DA. A structure of the plurality of pixels PX
will be described later.

[0055] The non-display area NDA may be disposed
around the display area DA. When the display area DA has
a rectangular shape, the non-display area NDA may be
disposed to surround four sides of the display area DA.
However, in an embodiment, the non-display area NDA may
also be disposed outside only some sides of the display area
DA. In some cases, the non-display area NDA may exist
inside the display area DA, and the non-display area NDA
may also be surrounded by the display area DA.

[0056] FIG. 2 is a schematic block diagram of a display
device according to an embodiment.

[0057] Referring to FIGS. 1 and 2, the display device 1
includes a display panel PNL. The display device 1 may
further include a driving unit connected to the display panel
PNL.

[0058] In the present specification, the meaning of ‘con-
nection’ may mean that a member is not only connected to
another member through mutual physical contact, but also
connected to another member through other members. In
addition, it may be understood that any one portion and
another portion as one integrated member are interconnected
due to the integrated member. Furthermore, the connection
between any one member and another member may be
interpreted as the meaning including an electrical connection
through the other member in addition to a connection
through direct contact therebetween.

[0059] The display panel PNL provides a display screen.
In the illustrated display device 1, a direction in which the
display panel PNL provides the display screen is one side in
the third direction DR3. The display panel PNL may have a
substantially similar planar shape to that of the display
device 1. As described above, the display area DA of the
display device 1 may also be referred to as a display area DA
of'the display panel PNL. The display area DA of the display
panel PNL includes a plurality of pixels PX arranged in a
matrix shape.

[0060] Examples of the display panel PNL may include an
organic light emitting display panel, a micro LED display
panel, a nano LED display panel, a quantum dot light
emitting display panel, a liquid crystal display panel, a
plasma display panel, a field emission display panel, an
electrophoretic display panel, and an electrowetting display
panel. Hereinafter, a case where the organic light emitting
display panel is applied as an example of the display panel
will be described by way of example, but the present
disclosure may be applied to other display panels as long as
the same technical concept is applicable.

[0061] The driving unit drives an operation of the display
panel PNL. At least some elements of the driving drive the
plurality of pixels PX disposed in the display area DA of the
display panel PNL. In some embodiments, the driving unit
may be provided in the form of a chip, film, and/or circuit
board.

[0062] The driving unit may include a display scan driving
unit 250, a data driving unit 210, a timing controller 220, and
a power supply unit 230. Although the driving unit is
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positioned in the non-display area NDA of the display panel
PNL, some driving units may also be disposed within the
display area DA.

[0063] In the display area DA, not only the pixels PX but
also a plurality of lines connected to the driving unit are
disposed. The plurality of lines may include a plurality of
display write lines GWL, a plurality of display initialization
lines GIL, a plurality of display control lines GCL, a
plurality of light emitting lines EL, and a plurality of data
lines DTL.

[0064] The data line DTL may extend in the first direction
DR1. The display write line GWL, the display initialization
line GIL, the display control line GCL, and the light emitting
line EL. may extend in the second direction DR2.

[0065] Each of the pixels PX may be connected to any one
of the plurality of display write lines GWL, any one of the
plurality of display initialization lines GIL, any one of the
plurality of display control lines GCL, and any one of the
plurality of light emitting lines EL. Each of the pixels PX
may receive a data voltage of the data line DTL according
to a display write signal of the display write line GWL, a
display initialization signal of the display initialization line
GIL, a display control signal of the display control line GCL,
and a light emitting signal of the light emitting line EL, and
may supply a driving current to a light emitting element
according to the data voltage to emit light.

[0066] The display scan driving unit 250 may be con-
nected to the display write line GWL, the display initializa-
tion line GIL, the display control line GCL, and the light
emitting line EL. The display scan driving unit 250 may
include a display signal output unit that outputs display write
signals applied to the display write line GWL, display
initialization signals applied to the display initialization line
GIL, and display control signals applied to the display
control line GCL, and a light emitting signal output unit that
outputs light emitting signals applied to the light emitting
line EL.

[0067] The display scan driving unit 250 may receive a
write control signal WCS, an initialization control signal
ICS, a scan control signal CCS, and a light emitting control
signal ECS from the timing controller 220. The display
signal output unit of the display scan driving unit 250 may
generate display write signals according to the write control
signal WCS and output the display write signals to the
display write line GWL. In addition, the display signal
output unit of the display scan driving unit 250 may generate
display initialization signals according to the initialization
control signal ICS and output the display initialization
signals to the display initialization line GIL. In addition, the
display signal output unit of the display scan driving unit
250 may generate display control signals according to the
scan control signal CCS and output the display control
signals to the display control line GCL. Furthermore, the
display signal output unit of the display scan driving unit
250 may generate display light emitting signals according to
the light emitting control signal ECS and output the display
light emitting signals to the display light emitting line EL.
[0068] The data driving unit 210 converts digital video
data DATA into data voltages and outputs the data voltages
to the data line DTL. The data driving unit 210 may output
the data voltages in synchronization with the display write
signals. The pixels PX may be selected by the display write
signals of the display scan driving unit 250, and the data
voltage may be supplied to each of the selected pixels PX.
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[0069] The timing controller 220 receives digital video
data DATA and timing signals from an external graphic
device. For example, the external graphic device may be a
graphic card of a computer or a set top box.

[0070] The timing controller 220 may generate the write
control signal WCS, the initialization control signal ICS, the
scan control signal CCS, and the light emitting control signal
ECS for controlling an operation timing of the display scan
driving unit 250 according to timing signals. In addition, the
timing controller 220 may generate a data control signal
DCS for controlling the operation timing of the data driving
unit 210 according to the timing signals.

[0071] The timing controller 220 may output the write
control signal WCS, the initialization control signal ICS, the
scan control signal CCS, and the light emitting control signal
ECS to the display scan driving unit 250. The timing
controller 220 outputs the digital video data DATA and the
data control signal DCS to the data driving unit 210.

[0072] The power supply unit 230 may generate a plurality
of driving voltages and output the plurality of driving
voltages to the display area DA. The power supply unit 230
may output a first driving voltage VDD, a second driving
voltage VSS, and a third driving voltage VINT to the display
panel PNL. The first driving voltage VDD may be a high
potential driving voltage, the second driving voltage VSS
may be a low potential driving voltage, and the third driving
voltage VINT may be a voltage for initializing a gate
electrode of a driving transistor of each of the pixels PX.

[0073] FIG. 3 is an equivalent circuit diagram of a pixel of
the display device according to an embodiment.

[0074] Referring to FIG. 3, a pixel PX according to an
embodiment may be connected to a k-th, where k is a
positive integer, display initialization line GILk, a k-th
display write line GWLk, and a k-th display control line
GCLKk. In addition, the pixel PX may be connected to a first
driving voltage line VDL supplied with the first driving
voltage, a second driving voltage line VSL supplied with the
second driving voltage, and a third driving voltage line VIL
supplied with the third driving voltage.

[0075] A pixel circuit PXC may include a driving transis-
tor DT, switch elements, and a capacitor CST1. The switch
elements include first to sixth transistors ST1, ST2, ST3,
ST4, ST5, and ST6.

[0076] The driving transistor DT may include a gate
electrode, a first electrode, and a second electrode. The
driving transistor DT controls a drain-source current Ids,
hereinafter, referred to as a “driving current”, flowing
between the first electrode and the second electrode accord-
ing to a data voltage applied to the gate electrode thereof.
The driving current Ids flowing through a channel of the
driving transistor DT is proportional to a square of a
difference between a voltage Vsg between the first electrode
and the gate electrode of the driving transistor DT and a
threshold voltage thereof as in Equation 1.

Tds=k'x(Vsg—Vith)~ [Equation 1]
[0077] In Equation 1, k'is a proportional coefficient deter-
mined by a structure and physical characteristics of the
driving transistor, Vsg is a voltage between the first elec-
trode and the gate electrode of the driving transistor, and Vth
is a threshold voltage of the driving transistor DT.
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[0078] A light emitting element ED emits light according
to the driving current Ids. As the driving current Ids
increases, an amount of light emitted from the light emitting
element ED may increase.

[0079] The light emitting element ED may be an organic
light emitting diode including an organic light-emitting layer
disposed between an anode electrode and a cathode elec-
trode. Alternatively, the light emitting element ED may be an
inorganic light emitting element including an inorganic
semiconductor disposed between the anode electrode and
the cathode electrode. Alternatively, the light emitting ele-
ment ED may be a quantum dot light emitting element
including a quantum dot light-emitting layer disposed
between the anode electrode and the cathode electrode.
Alternatively, the light emitting element ED may be a micro
light emitting element including a micro light emitting diode
disposed between the anode electrode and the cathode
electrode. Hereinafter, it will be mainly described that the
light emitting element ED is the organic light emitting diode
including the organic light-emitting layer disposed between
the anode electrode and the cathode electrode.

[0080] Meanwhile, in the following specification, the
‘anode electrode’ of the light emitting element ED may be
interchangeably referred to as a ‘pixel electrode’, and the
‘cathode electrode’ of the light emitting element ED may be
interchangeably referred to as a ‘common electrode CE’.
[0081] The anode electrode of the light emitting element
ED may be connected to a first electrode of the fourth
transistor ST4 and a second electrode of the sixth transistor
ST6, and the cathode electrode of the light emitting element
ED may be connected to the second driving voltage line
VSL. A parasitic capacitance Cel may be formed between
the anode electrode and the cathode electrode of the light
emitting element ED.

[0082] The first transistor ST1 is turned on by an initial-
ization scan signal of the k-th display initialization line GILk
to connect the gate electrode of the driving transistor DT to
the third driving voltage line VIL. Accordingly, the third
driving voltage VINT of the third driving voltage line VIL
may be applied to the gate electrode of the driving transistor
DT. A gate electrode of the first transistor ST1 may be
connected to the k-th display initialization line GILk, a first
electrode thereof may be connected to the gate electrode of
the driving transistor DT, and a second electrode thereof
may be connected to the third driving voltage line VIL.
[0083] The second transistor ST2 is turned on by a display
write signal of the k-th display write line GWLK to connect
the first electrode of the driving transistor DT to a j-th data
line Dj. Accordingly, a data voltage of the j-th data line Dj
may be applied to the first electrode of the driving transistor
DT. A gate electrode of the second transistor ST2 may be
connected to the k-th display write line GWLk, a first
electrode thereof may be connected to the first electrode of
the driving transistor DT, and a second electrode thereof
may be connected to the j-th data line Dj.

[0084] The third transistor ST3 is turned on by the display
write signal of the k-th display write line GWLK to connect
the gate electrode and the second electrode of the driving
transistor DT to each other. When the gate electrode and the
second electrode of the driving transistor DT are connected
to each other, the driving transistor DT is driven as a diode.
A gate electrode of the third transistor ST3 may be con-
nected to the k-th display write line GWLK, a first electrode
thereof may be connected to the second electrode of the
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driving transistor DT, and a second electrode thereof may be
the gate electrode of the driving transistor DT.

[0085] The fourth transistor ST4 is turned on by a display
control signal of the k-th display control line GCLk to
connect the anode electrode of the light emitting element ED
to the third driving voltage line VIL. The third driving
voltage of the third driving voltage line VIL may be applied
to the anode electrode of the light emitting element ED. A
gate electrode of the fourth transistor ST4 is connected to the
k-th display control line GCLk, a first electrode thereof is
connected to the anode electrode of the light emitting
element ED, and a second electrode thereof may be con-
nected to the third driving voltage line VIL.

[0086] The fifth transistor ST5 is turned on by a light
emitting signal of a k-th light emitting line ELk to connect
the first electrode of the driving transistor DT to the first
driving voltage line VDL. A gate electrode of the fifth
transistor ST5 is connected to the k-th light emitting line
ELK, a first electrode thereof is connected to the first driving
voltage line VDL, and a second electrode thereof is con-
nected to the first electrode of the driving transistor DT.
[0087] The sixth transistor ST6 is disposed between the
second electrode of the driving transistor DT and the anode
electrode of the light emitting element ED. The sixth tran-
sistor ST6 is turned on by the light emitting control signal of
the k-th light emitting line ELk to connect the second
electrode of the driving transistor DT to the anode electrode
of the light emitting element ED. A gate electrode of the
sixth transistor ST6 is connected to the k-th light emitting
line ELKk, a first electrode thereof is connected to the second
electrode of the driving transistor DT, and a second electrode
thereof is connected to the anode electrode of the light
emitting element ED.

[0088] When both the fifth transistor ST5 and the sixth
transistor ST6 are turned on, the driving current Ids of the
driving transistor DT according to the data voltage applied
to the gate electrode of the driving transistor DT may flow
to the light emitting element ED.

[0089] The capacitor CST1 is formed between the gate
electrode of the driving transistor DT and the first driving
voltage line VDL. A first capacitor electrode of the capacitor
CST1 may be connected to the gate electrode of the driving
transistor DT, and a second capacitor electrode thereof may
be connected to the first driving voltage line VDL.

[0090] When the first electrode of each of the first to sixth
transistors ST1, ST2, ST3, ST4, ST5, and ST6 and the
driving transistor DT is a source electrode, the second
electrode thereof may be a drain electrode. Alternatively,
when the first electrode of each of the first to sixth transistors
ST1,ST2,ST3, ST4, ST5, and ST6 and the driving transistor
DT is a drain electrode, the second electrode thereof may be
a source electrode. The names of the source electrode and
the drain electrode may vary depending on a movement
direction of a majority carrier in a semiconductor layer. The
first and second electrodes of the first to sixth transistors
ST1,ST2,ST3, ST4, ST5, and ST6 and the driving transistor
DT may be referred to as source/drain electrodes. If the first
electrode and the second electrode are to be separately
distinguished, the first electrode and the second electrode
may be referred to as a first source/drain electrode and a
second source/drain electrode.

[0091] An active layer of each of the first to sixth tran-
sistors ST1, ST2, ST3, ST4, ST5, and ST6 and the driving
transistor DT may be formed of any one of poly silicon,
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amorphous silicon, and an oxide semiconductor. It is mainly
described in FIG. 4 that the first to sixth transistors ST1,
ST2, ST3, ST4, ST5, and ST6 and the driving transistor DT
are formed as P-type metal oxide semiconductor field effect
transistors (MOSFETs). However, in an embodiment, the
first to sixth transistors ST1, ST2, ST3, ST4, ST5, and ST6
and the driving transistor DT may be formed as N-type
MOSFETs. Alternatively, at least one of the first to sixth
transistors ST1, ST2, ST3, ST4, ST5, and ST6 and the
driving transistor DT may be formed as an N-type MOSFET.
[0092] Although it is described in the embodiment
described above that the pixel circuit PXC adopts a 7T1C
structure including seven transistors and one capacitor, the
number of transistors and capacitors constituting the pixel
circuit PXC may be variously modified.

[0093] FIG. 4 is a plan view illustrating a structure of
pixels of the display device according to an embodiment.
[0094] Referring to FIG. 4, the plurality of pixels PX may
be disposed in a group. For example, the plurality of pixels
PX may be disposed as a group including three pixels.
Although it is illustrated in FIG. 4 that the plurality of pixels
PX includes a first pixel PX1, a second pixel PX2, and a
third pixel PX3, and the first pixel PX1, the second pixel
PX2, and the third pixel PX3 form one group, the number of
pixels PX forming a group is varied in an embodiment.
[0095] Each of the first pixel PX1, the second pixel PX2,
and the third pixel PX3 may have a rectangular, square, or
rhombus planar shape. In some embodiments, each of the
first pixel PX1, the second pixel PX2, and the third pixel
PX3 may have a rectangular planar shape having long sides
in the first direction DR1 and short sides in the second
direction DR2 as illustrated in FIG. 4. However, in an
embodiment, each of the first pixel PX1, the second pixel
PX2, and the third pixel PX3 may also have a square or
rhombus planar shape including sides having the same
length in the first direction DR1 and the second direction
DR2.

[0096] In some embodiments, the first pixel PX1, the
second pixel PX2, and the third pixel PX3 may be arranged
in the second direction DR2 as illustrated in FIG. 4. How-
ever, in an embodiment, any one of the second pixel PX2
and the third pixel PX3 and the first pixel PX1 may be
arranged in the second direction DR2, and the other one of
the second pixel PX2 and the third pixel PX3 and the first
pixel PX1 may be arranged in the first direction DR1.
[0097] The first pixel PX1 includes a first light emitting
area EA1 emitting first light, the second pixel PX2 includes
a second light emitting area EA2 emitting second light, and
the third pixel PX3 includes a third light emitting area EA3
emitting third light. In this case, the first light may be light
in a red wavelength band, the second light may be light in
a green wavelength band, and the third light may be light in
a blue wavelength band. The red wavelength band may be a
wavelength band of approximately 600 nm to 750 nm, the
green wavelength band may be a wavelength band of
approximately 480 nm to 560 nm, and the blue wavelength
band may be a wavelength band of approximately 370 nm to
460 nm.

[0098] As illustrated in FIG. 4, an area of the first pixel
PX1, an area of the second pixel PX2, and an area of the
third pixel PX3 may be substantially the same. However, in
an embodiment, the area of the first pixel PX1, the area of
the second pixel PX2, and the area of the third pixel PX3
may also be different from each other.
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[0099] FIG. 5 is a cross-sectional view schematically
illustrating a cross section taken along line X1-X1' of FIG.
4.

[0100] FIG. 5 illustrates structures of a first pixel PX1
emitting first light L1, a second pixel PX2 emitting second
light 1.2, and a third pixel PX3 emitting third light [.3 as
pixels PX adjacent to each other.

[0101] In addition, FIG. 5 illustrates a shape of one thin
film transistor among the plurality of transistors described in
FIG. 3 and a connection relationship thereof for convenience
of explanation. The illustrated thin film transistor may
correspond to, for example, the driving transistor DT of FIG.
3. However, the connection relationship of the illustrated
thin film transistors is illustrated for convenience of possible
connection relationships of the applied thin film transistors,
and a specific connection relationship does not exactly
correspond to the driving transistor illustrated in FIG. 3.
Except for the connection relationship between the thin film
transistors, other transistors of FIG. 3 may also have sub-
stantially the same stacked structure as the thin film tran-
sistor illustrated in FIG. 5.

[0102] Hereinafter, a structure of the pixels PX of the
display device 1 according to an embodiment will be
described with reference to FIG. 5.

[0103] A substrate SUB may be an insulating substrate or
a semiconductor substrate. The substrate SUB may be a rigid
substrate. For example, the substrate SUB may include
glass.

[0104] A lower metal layer BML may be disposed on the
substrate SUB. The lower metal layer BML may have a
patterned shape, and may overlap a semiconductor layer
ACT thereon to function as a light-blocking metal layer
preventing light entering from a lower side thereof from
being incident on the semiconductor layer ACT. The lower
metal layer BML may be electrically connected to one
electrode of the thin film transistor, for example, a drain
electrode DE. The lower metal layer BML may also be
omitted.

[0105] A buffer layer BF is disposed on the lower metal
layer BML. The buffer layer BF may be formed over a front
surface of the substrate SUB. The buffer layer BF serves to
insulate the semiconductor layer ACT and the lower metal
layer BML from each other. The buffer layer BF may include
silicon nitride, silicon oxide, or silicon oxynitride.

[0106] The semiconductor layer ACT is disposed on the
buffer layer BF. The semiconductor layer ACT may overlap
the lower metal layer BML in the third direction DR3 that
is the thickness direction as described above. The semicon-
ductor layer ACT may include a first region, a second region,
and a channel region disposed between the first region and
the second region. The first region may be a source region
and the second region may be a drain region, or vice versa.
[0107] The semiconductor layer ACT may include
polycrystalline silicon. In an embodiment, the semiconduc-
tor layer ACT may include single crystal silicon, low tem-
perature polycrystalline silicon, amorphous silicon, or an
oxide semiconductor. The oxide semiconductor may include
a binary compound (ABx), a ternary compound (ABxCy),
and a quaternary compound (ABxCyDz) containing, for
example, indium, zinc, gallium, tin, titanium, aluminum,
hafnium (Hf), zirconium (Zr), magnesium (Mg), and the
like. In an embodiment, the semiconductor layer ACT may
include ITZO (oxide including indium, tin, and titanium) or
1GZO (oxide including indium, gallium, and tin).
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[0108] A gate insulating layer GI is disposed on the
semiconductor layer ACT. The gate insulating layer GI may
include a silicon compound, a metal oxide, or the like. For
example, the gate insulating layer GI may include silicon
oxide, silicon nitride, silicon oxynitride, aluminum oxide,
tantalum oxide, hafnium oxide, zirconium oxide, titanium
oxide, or the like. These oxides may be used alone or in
combination with each other. The gate insulating layer GI
may be a single film or a multilayer film including stacked
films of different materials.

[0109] The gate insulating layer GI may be disposed on a
partial region of the semiconductor layer ACT. For example,
as illustrated in FIG. 5, the gate insulating layer GI may be
disposed on the channel region of the semiconductor layer
ACT, but may expose the first region and the second region
thereof. That is, the gate insulating layer GI may overlap the
channel region, but may not overlap the first region and the
second region. The gate insulating layer GI may have
substantially the same planar shape as that of a gate elec-
trode GE thereon.

[0110] As another example, the gate insulating layer GI
may also be disposed on an entire surface of the substrate
SUB. In this case, the gate insulating layer GI generally
covers the first region and the second region of the semi-
conductor layer ACT, but may have a contact hole exposing
the first region and the second region so that a source
electrode SE and the drain electrode DE are in contact with
the semiconductor layer ACT.

[0111] A gate conductive layer is disposed on the gate
insulating layer GI. The gate conductive layer includes the
gate electrode GE of the thin film transistor. In addition, the
gate conductive layer may include a scan line connected to
the gate electrode GE. For example, the display write line
GWL, the display initialization line GIL, the display control
line GCL, and the light emitting line EL illustrated in FIG.
2 may be included in the gate conductive layer.

[0112] The gate electrode GE may at least partially over-
lap the channel region of the semiconductor layer ACT.
Accordingly, the gate electrode GE and the semiconductor
layer ACT may form a portion of the thin film transistor.
[0113] For example, the gate conductive layer may include
one or more metals selected from the group consisting of
molybdenum (Mo), aluminum (Al), platinum (Pt), palla-
dium (Pd), silver (Ag), magnesium (Mg), gold (Au), nickel
(N1), neodymium (Nd), iridium (Jr), chromium (Cr), calcium
(Ca), titanium (Ti), tantalum (Ta), tungsten (W), and copper
(Cu). In an embodiment, the gate conductive layer may be
formed of a stacked film of Mo/MoN.

[0114] An interlayer insulating layer ILD may be disposed
on the gate conductive layer. The interlayer insulating layer
ILD may include at least one of an inorganic film containing
an inorganic insulating material, an organic film containing
an organic insulating material, or an organic/inorganic com-
posite film containing an inorganic insulating material and
an organic insulating material.

[0115] Examples of the organic insulating material may
include silicon oxide, silicon nitride, silicon oxynitride,
hafnium oxide, aluminum oxide, titanium oxide, tantalum
oxide, and zinc oxide, and examples of the organic insulat-
ing material may include a polyacrylates resin, an epoxy
resin, a phenolic resin, a polyamides resin, a polyimides
resin, an unsaturated polyesters resin, a polyphenylenethers
resin, a polyphenylenesulfides resin, or benzocyclobutene
(BCB).
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[0116] The interlayer insulating layer ILD may have a
structure in which two or more films selected from the group
consisting of a plurality of inorganic films, a plurality of
organic films, and a plurality of organic/inorganic composite
films are stacked. FIG. 5 illustrates an example in which one
inorganic film is applied as the interlayer insulating layer
ILD.

[0117] A data conductive layer is disposed on the inter-
layer insulating layer ILD. The data conductive layer may
include the source electrode SE and the drain electrode DE
of the thin film transistor. The data conductive layer may
further include the data line DTL illustrated in FIG. 2 and the
first driving voltage line VDL. In addition, the data conduc-
tive layer may further include the second driving voltage
line VSL and the third driving voltage line VIL.

[0118] The source electrode SE and the drain electrode DE
of the thin film transistor may be electrically connected to
the first and second regions of the semiconductor layer ACT
through a contact hole penetrating through the interlayer
insulating layer ILD. In addition, the drain electrode DE of
the thin film transistor may be electrically connected to the
lower metal layer BML through a contact hole penetrating
through the interlayer insulating layer ILD and the buffer
layer BF.

[0119] The data conductive layer may include one or more
metals selected from the group consisting of molybdenum
(Mo), aluminum (Al), platinum (Pt), palladium (Pd), silver
(Ag), magnesium (Mg), gold (Au), nickel (Ni), neodymium
(Nd), iridium (Jr), chromium (Cr), calcium (Ca), titanium
(Ti), tantalum (Ta), tungsten (W), and copper (Cu).

[0120] The data conductive layer may be formed of a
multilayer film. Specifically, the data conductive layer
includes a main conductive layer and may further include
sub-conductive layers disposed on upper and/or lower sides
of the main conductive layer. For example, the data con-
ductive layer may include a first sub-conductive layer, a
main conductive layer disposed on the first sub-conductive
layer, and a second sub-conductive layer disposed on the
main conductive layer. The first sub-conductive layer may
be a lower sub-conductive layer disposed on a bottom
surface of the main conductive layer, and the second sub-
conductive layer may be an upper sub-conductive layer
disposed on a top surface of the main conductive layer.
[0121] Although not illustrated, another conductive layer
may be further disposed between the lower metal layer BML
and the data conductive layer.

[0122] When the illustrated gate conductive layer is
referred to as a first gate conductive layer, for example, a
second gate conductive layer used as the other electrode of
a capacitor may be further disposed between the first gate
conductive layer and the data conductive layer. In addition,
when the display panel PNL includes heterogeneous tran-
sistors such as a polysilicon transistor and an oxide semi-
conductor transistor, a third gate conductive layer may be
further disposed on an upper or lower side of the first gate
conductive layer, in addition to the first gate conductive
layer used as a gate electrode GE of the polysilicon tran-
sistor. Here, the second gate conductive layer and/or the
third gate conductive layer may have the same stacked
structure as that of the first gate conductive layer. A larger
number of other gate conductive layers may be interposed.
[0123] In addition, when the illustrated data conductive
layer is referred to as a first data conductive layer, another
conductive layer for serving as a line or an electrode that the
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data conductive layer serves herein may be disposed
between the first data conductive layer and the gate conduc-
tive layer. For example, when a second data conductive layer
and/or a third data conductive layer are disposed between
the first data conductive layer and the gate conductive layer,
the data line, the source electrode SE, the drain electrode
DE, the first driving voltage line, the second driving voltage
line, and the third driving voltage line may be formed by
selecting any one of the first data conductive layer, the
second data conductive layer, and the third data conductive
layer. A large number of other data conductive layers may be
disposed.

[0124] A via insulating layer VIA (or an organic insulating
film) is disposed on the data conductive layer. The via
insulating layer VIA may have a flat top surface. The via
insulating layer VIA is disposed to cover an entire surface of
the interlayer insulating layer ILD on which the data con-
ductive layer is disposed.

[0125] The via insulating layer VIA may include an
organic insulating material such as a polyacrylates resin, an
epoxy resin, a phenolic resin, a polyamides resin, a poly-
imides resin, an unsaturated polyesters resin, a polyphenyl-
eneethers resin, a polyphenylenesulfides resin, or benzocy-
clobutene (BCB).

[0126] A pixel electrode layer PXEL including pixel elec-
trodes is disposed on the via insulating layer VIA. The pixel
electrodes disposed one by one for each pixel may be spaced
apart from each other. For example, the pixel electrode layer
PXEL may include a first pixel electrode PXE1 of the first
pixel PX1, a second pixel electrode PXE2 of the second
pixel PX2, and a third pixel electrode PXE3 of the third pixel
PX3.

[0127] Each of the pixel electrodes PXE1, PXE2, and
PXE3 may be electrically connected to the drain electrode
DE of the thin film transistor through a contact hole (or via
hole) penetrating through the via insulating layer VIA. Each
of the pixel electrodes PXE1, PXE2, and PXE3 may serve
as an anode electrode of a light emitting element.

[0128] In some embodiments, the pixel electrode layer
PXEL may have a stacked film structure in which a material
layer having a high work function, such as indium tin oxide
(ITO), indium zinc oxide (IZ0O), zinc oxide (ZnO), or indium
oxide (In,0;) and a reflective material layer such as silver
(Ag), magnesium (Mg), aluminum (Al), platinum (Pt), lead
(Pd), gold (Au), nickel (Ni), neodymium (Nd), iridium (Ir),
chromium (Cr), lithium (Li), calcium (Ca), or a mixture
thereof are stacked. In this case, the layer having the high
work function may be disposed above the reflective material
layer and disposed close to an intermediate layer ML to be
described later.

[0129] In some embodiments, the pixel electrode layer
PXEL may have a multilayer structure of ITO/Mg, ITO/
MgF, ITO/Ag, and ITO/Ag/ITO.

[0130] A pixel defining layer PDL is disposed on the pixel
electrode layer PXEL. The pixel defining layer PDL serves
to define a light emitting area. For example, the pixel
defining layer PDL may define a first light emitting area EA1
as an opening that at least partially exposes and extends to
the first pixel electrode PXE1, a second light emitting area
EA2 as an opening that at least partially exposes and extends
to the second pixel electrode PXE2, and a third light
emitting area EA3 as an opening that at least partially
exposes and extends to the third pixel electrode PXE3.
Meanwhile, the first light emitting area EA1, the second
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light emitting area EA2, and the third light emitting area
EA3 may be referred to as a first opening, a second opening,
and a third opening, respectively.

[0131] The pixel defining layer PDL may include an
organic insulating material such as a polyacrylates resin, an
epoxy resin, a phenolic resin, a polyamides resin, a poly-
imides resin, an unsaturated polyesters resin, a polyphenyl-
eneethers resin, a polyphenylenesulfides resin, or benzocy-
clobutene (BCB). The pixel defining layer PDL may also
include an inorganic material. In addition, the pixel defining
layer PDL may also include a stacked film of an inorganic
layer and an organic layer.

[0132] Auxiliary electrodes UDE1 and UDE2 having an
undercut shape may be disposed on a portion of each of the
pixel electrodes PXE1, PXE2, and PXE3 of each of the
pixels PX1, PX2, PX3 exposed by the light emitting areas
EA1, EA2, and EA3 defined by the pixel defining layer
PDL, i.e., to which the light emitting areas EA1, EA2, and
EA3 extend.

[0133] In some embodiments, structures of the auxiliary
electrodes UDE1 and UDE2 disposed on each of the pixel
electrodes PXE1, PXE2, and PXE3 of each of the pixels
PX1, PX2, and PX3 may be the same. However, in an
embodiment, the structures of the auxiliary electrodes UDE1
and UDE2 disposed on each of the pixel electrodes PXE1,
PXE2, and PXE3 of each of the pixels PX1, PX2, and PX3
may be different for each of the pixels PX1, PX2, and PX3.
Herein it will be mainly described that the structures of the
auxiliary electrodes UDE1 and UDE2 disposed on each of
the pixel electrodes PXE1, PXE2, and PXE3 of each of the
pixels PX1, PX2, and PX3 are the same.

[0134] The first auxiliary electrode UDE1 and the second
auxiliary electrode UDE2 disposed thereon may be disposed
on each of the pixel electrodes PXE1, PXE2, and PXE3 of
each of the pixels PX1, PX2, and PX3. A side surface of the
first auxiliary electrode UDE1 may be positioned inner than
a side surface of the second auxiliary electrode UDE2 to
form an undercut shape. Stated another way, the side surface
of the first auxiliary electrode UDE1 may be positioned
inward of the side surface of the second auxiliary electrode
UDE2 within the light emitting areas EA1, EA2, EA3, i.e.,
within the first, second, and third openings, of the pixel
defining layer PDL to form an undercut shape. Accordingly,
a hole injection layer HIL of an intermediate layer ML,
which will be described later, may be disconnected and
disposed for each of the pixels PX1, PX2, and PX3. An
undercut shape formed by the first auxiliary electrode UDE1
and the second auxiliary electrode UDE2 will be described
later in detail.

[0135] The intermediate layer ML may be disposed on the
pixel defining layer PDL and the second auxiliary electrode
UDE2 disposed on each of the pixels PX1, PX2, and PX3.
The intermediate layer ML, may include the hole injection
layer HIL, a hole transport layer HTL, a light-emitting layer
EML, an electron transport layer ETL, and an electron
injection layer EIL that are sequentially stacked.

[0136] In this case, holes move from the pixel electrodes
PXFE1, PXE2, and PXE3, which are positive electrodes, to
the light-emitting layer EML through the hole injection layer
HIL and the hole transport layer HTL, and electrons move
from the common electrode CE, which is a negative elec-
trode, to the light-emitting layer EML through the electron
injection layer EIL and the electron transport layer ETL. In
addition, the holes and the electrons moved to the light-
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emitting layer EML combine to form excitons, and are
excited in an unstable energy state, then return to a stable
state and emit light.

[0137] Some of the element layers constituting the inter-
mediate layer ML of the display device 1 according to an
embodiment may substantially integrally extend to cover
each opening of the pixel defining layer PDL. For example,
the hole transport layer HTL, the electron injection layer
EIL, and the electron transport layer ETL of the intermediate
layer ML, may integrally extend to cover not only a top
surface of the pixel defining layer PDL, but also a side
surface of the pixel defining layer PDL forming the first light
emitting area EA1, the second light emitting area EA2, and
the third light emitting area EA3 defined by the pixel
defining layer PDL.

[0138] In the case of the light-emitting layer EML, a
wavelength of emitted light varies according to a type of
organic material included therein. Accordingly, in some
embodiments, in order for the pixels PX1, PX2, and PX3 to
emit light of different wavelengths, the light-emitting layer
EML may be disconnected and disposed for each of the
pixels PX1, PX2, and PX3. For example, the light-emitting
layer EML may include a first light-emitting layer EML1
disposed in the first pixel PX1, a second light-emitting layer
EML2 disposed in the second pixel PX2, and a third
light-emitting layer EML3 disposed in the third pixel PX3.

[0139] The hole injection layer HIL is entirely formed on
each of the pixels PX1, PX2, and PX3, but may be discon-
nected on the second auxiliary electrode UDE2 of each of
the pixels PX1, PX2, and PX3 by the undercut shape formed
by the first auxiliary electrode UDE1 and the second aux-
iliary electrode UDE2 disposed in each for the pixels PX1,
PX2, and PX3.

[0140] The reason for this is as follows. In order for each
of'the pixels PX1, PX2, and PX3 to be independently driven
in the light emitting method as described above, the driving
voltage needs to be independently applied to each of the
pixels PX1, PX2, and PX3. However, in the case in which
the hole injection layer HIL having relatively high conduc-
tivity among the various element layers constituting the
intermediate layer ML integrally extends as in the case of the
hole transport layer HTL, the electron injection layer EIL,
and the electron transport layer ETL and covers each open-
ing of the pixel defining layer PDL, when the driving current
is applied to any one of the pixels PX1, PX2, and PX3, the
driving current is applied to another pixel along the hole
injection layer HIL and acts as a leakage current affecting
driving. Accordingly, the hole injection layer HIL having the
relatively high conductivity needs to be disconnected and
disposed for each of the pixels PX1, PX2, and PX3.

[0141] Insome embodiments, the hole injection layer HIL
may include a material having high conductivity, such as
NDP-9(2-(7-Dicyanomethylene-1,3,4,5,6,8,9,10-oc-
tafluoro-7H-pyren-2-ylidene)-malononitrile).

[0142] A structure in which the hole injection layer HIL is
disconnected by the undercut shape formed by the first
auxiliary electrode UDE1 and the second auxiliary electrode
UDE2 will be described later in detail.

[0143] The common electrode CE is disposed on the
intermediate layer ML. The common electrode CE may
integrally extend to cover each opening of the pixel defining
layer PDL. In other words, the common electrode CE
generally covers the intermediate layer ML. For example,
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the common electrode CE may be disposed to cover an
entirety of the display area DA of the display panel PNL in
plan view.

[0144] In some embodiments, the common electrode CE
may include a material layer having a small work function,
such as Li, Ca, LiF/Ca, LiF/Al, Al, Mg, Ag, Pt, Pd, Ni, Au,
Nd, Jr, Cr, BaF, Ba, or a compound or mixture thereof, e.g.,
a mixture of Ag and Mg, etc. The common electrode CE may
further include a transparent metal oxide layer disposed on
the material layer having the small work function.

[0145] Hereinafter, the undercut shape formed by the first
auxiliary electrode UDE1 and the second auxiliary electrode
UDE2 and the shape of the hole injection layer HIL discon-
nected by the undercut shape will be described in more
detail.

[0146] FIG. 6 is an enlarged view of area Al of FIG. 5.
[0147] FIG. 6 illustrates structures of the first auxiliary
electrode UDE1, the second auxiliary electrode UDE2, the
intermediate layer ML (see FIG. 5), and the common elec-
trode CE disposed on the first pixel electrode PXE1 of the
first pixel PX1.

[0148] As described above, the auxiliary electrodes UDE1
and UDE2 disposed on each of the pixel electrodes PXE1,
PXE2, and PXE3 of the display device 1 according to the
embodiment have the same structure. Therefore, hereinafter,
for convenience of explanation, the structure of the auxiliary
electrodes UDE1 and UDE2 disposed on the first pixel
electrode PXE1 of the first pixel PX1 will be mainly
described, and a description of the structures of the auxiliary
electrodes UDE1 and UDE2 disposed on the second pixel
electrode PXE2 and the third pixel electrode PXE3 will be
omitted.

[0149] Referring to FIG. 6 together with FIG. 5, the first
auxiliary electrode UDE1 having a first width w1l in the
second direction DR2 may be disposed on a portion of the
first pixel electrode PXE1 exposed by the pixel defining
layer PDL, i.e., to which the first light emitting area EA1
extends.

[0150] Insome embodiments, the first width w1 of the first
auxiliary electrode UDE1 may be smaller than a width of a
portion of the first pixel electrode PXE1 exposed by the
pixel defining layer PDL in the second direction DR2. It is
illustrated in FIG. 6 that the first width w1 of the first
auxiliary electrode UDFE1 is smaller than the width of a
portion of the first pixel electrode PXE1 exposed by the
pixel defining layer PDL in the second direction DR2.
[0151] The second auxiliary electrode UDE2 having a
second width w2 in the second direction DR2 may be
disposed on the first auxiliary electrode UDE1. The second
width w2 may be greater than the first width w1. The second
auxiliary electrode UDE2 may protrude from the first aux-
iliary electrode UDE1 to both sides in the second direction
DR2 in a cross-sectional view. Accordingly, an undercut
shape in which a side surface of the first auxiliary electrode
UDE1 is positioned more inward than a side surface of the
second auxiliary electrode UDE2 may be formed.

[0152] Specifically, an undercut area UDA defined by the
undercut shape formed by the first auxiliary electrode UDE1
and the second auxiliary electrode UDE2 may be defined as
a space formed by a bottom surface of a portion of the
second auxiliary electrode UDE2 protruding from the first
auxiliary electrode UDE1 and the side surface of the first
auxiliary electrode UDE1. The undercut area UDA may be
disposed on a portion of the first pixel electrode PXE1
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exposed by the pixel defining layer PDL where the first
auxiliary electrode UDET1 is not disposed.

[0153] The hole injection layer HIL. may include a first
portion HILa disposed on the pixel defining layer PDL and
a second portion HILb disposed on the second auxiliary
electrode UDE2. In other words, the hole injection layer HIL.
may be disposed to be separated into the first portion HILa
and the second portion HILb by the undercut shape formed
by the first auxiliary electrode UDE1 and the second aux-
iliary electrode UDE2. In other words, the hole injection
layer HIL. may be deposited with poor step coverage due to
the undercut shape formed by the first auxiliary electrode
UDE1 and the second auxiliary electrode UDE2.

[0154] The first portion HILa of the hole injection layer
HIL may be disposed along a profile of the pixel defining
layer PDL. For example, the first portion HIL.a may extend
in a flat profile along the pixel defining layer PDL, and then
be bent at least once and extended along the side surface of
the pixel defining layer PDL forming the opening of the
pixel defining layer PDL. The first portion HIL.a may not be
in contact with a portion of the first pixel electrode PXE1
exposed by the opening of the pixel defining layer PDL.
[0155] The second portion HILb of the hole injection layer
HIL may be disconnected from the first portion HILa and
disposed on the second auxiliary electrode UDE2. In other
words, the first portion HILa and the second portion HILb
may be physically separated.

[0156] With the configuration as described above, since
the hole injection layer HIL is disconnected for each of the
pixels PX1, PX2, and PX3 even if a driving current is
applied to adjacent pixels, independent driving of each of the
pixels PX1, PX2, PX3 may be facilitated by preventing or at
least reducing an occurrence of leakage current affecting
driving of the adjacent pixels.

[0157] Hereinafter, a manufacturing method of manufac-
turing the display device 1 according to an embodiment will
be described.

[0158] FIGS. 7 to 11 are views for describing a process of
manufacturing a display device according to an embodi-
ment. FIGS. 7 to 11 illustrate cross-sectional views of each
process of forming the first auxiliary electrode UDE1, the
second auxiliary electrode UDE2, and the hole injection
layer HIL of the display device 1 according to an embodi-
ment.

[0159] First, referring to FIG. 7, a pixel defining layer
PDL having an opening formed therein is formed on the first
pixel electrode PXE1 on the via insulating layer VIA. An
method of forming the pixel defining layer PDL is as
follows.

[0160] First, an organic material layer for forming the
pixel defining layer PDL may be coated, dried, and baked,
and then exposed using a photomask including a light
transmitting area and a light blocking area, and exposed
portions of the provided organic material layer may be
selectively removed by using a developer.

[0161] Next, referring to FIG. 8, a first auxiliary electrode
UDE1 and a second auxiliary electrode UDE2 are formed by
forming a first auxiliary electrode material layer UDE1" and
a second auxiliary electrode material layer UDE2' covering
the pixel defining layer PDL and the opening formed therein
on the pixel defining layer PDL in which the opening is
formed. A photoresist pattern PR is formed on a portion of
the first auxiliary electrode material layer UDE1" and the
second auxiliary electrode material layer UDE2' correspond-
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ing to the opening formed in the pixel defining layer PDL.
The first auxiliary electrode material layer UDE1' and the
second auxiliary electrode material layer UDE2' are etched
using the photoresist pattern PR as an etch stop layer.
[0162] The process of etching the first auxiliary electrode
material layer UDE1' and the second auxiliary electrode
material layer UDE2' may be performed by, for example, dry
etching. In this case, portions of the first auxiliary electrode
material layer UDE1' and the second auxiliary electrode
material layer UDE2' that are not covered by the photoresist
pattern PR may be etched, and portions thereof covered by
the photoresist pattern PR may remain.

[0163] The portions of the first auxiliary electrode material
layer UDE1" and the second auxiliary electrode material
layer UDE2' that are not etched and remain may become a
first auxiliary electrode UDE1 and a second auxiliary elec-
trode UDE2, respectively. In this case, side surfaces of the
first auxiliary electrode UDE1 and the second auxiliary
electrode UDE2 are substantially aligned with each other.
[0164] The first auxiliary electrode material layer UDET'
and the second auxiliary electrode material layer UDE2' may
include materials having different selectivities for any one
etchant as different materials. For example, the second
auxiliary electrode material layer UDE2' may include tita-
nium (Ti) or molybdenum (Mo), and the first auxiliary
electrode material layer UDE1' may include aluminum
(AL).

[0165] The first auxiliary electrode material layer UDET'
and the first auxiliary electrode UDE1 may include the same
material, and the second auxiliary electrode material layer
UDE2' and the second auxiliary electrode UDE2 may
include the same material.

[0166] Next, referring to FIGS. 9 and 10, a side surface of
the first auxiliary electrode UDE1 is etched to form an
undercut shape. The process of etching the side surface of
the first auxiliary electrode UDE1 may be performed by, for
example, wet etching.

[0167] Since the first auxiliary electrode UDE1 and the
second auxiliary electrode UDE2 include the materials hav-
ing different selectivities for any one etchant as described
above, only the side surface of the first auxiliary electrode
UDE1 may be etched using such a feature.

[0168] Accordingly, an undercut shape in which the side
surface of the first auxiliary electrode UDEL1 is positioned
inner than the side surface of the second auxiliary electrode
UDE2 may be formed. In other words, an undercut area
UDA defined by the undercut shape formed by the first
auxiliary electrode UDE1 and the second auxiliary electrode
UDE2 may be defined as a space formed by a bottom surface
of a portion of the second auxiliary electrode UDE2 pro-
truding from the first auxiliary electrode UDE1 and the side
surface of the first auxiliary electrode UDE1. The undercut
area UDA may be disposed on a portion of the first pixel
electrode PXE1 exposed by the pixel defining layer PDL
where the first auxiliary electrode UDEL1 is not disposed.
[0169] Next, referring to FIG. 11, a hole injection layer
HIL is deposited. The hole injection layer HIL. may be
deposited with poor step coverage due to the undercut shape
formed by the first auxiliary electrode UDE1 and the second
auxiliary electrode UDE2.

[0170] Accordingly, the hole injection layer HIL. may
include a first portion HILa disposed on the pixel defining
layer PDL and a second portion HILb disposed on the
second auxiliary electrode UDE2. In other words, the hole
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injection layer HIL. may be disposed to be separated into the
first portion HIL.a and the second portion HILb by the
undercut shape formed by the first auxiliary electrode UDE1
and the second auxiliary electrode UDE2.

[0171] Hereinafter, other embodiments of the display
device 1 will be described. In the following embodiments,
the same components as those of the above-described
embodiment will be denoted by the same reference numer-
als, and an overlapping description thereof will be omitted
or simplified and differences will be mainly described.
[0172] FIG. 12 is a cross-sectional view of a pixel struc-
ture of a display device according to an embodiment.
[0173] Referring to FIG. 12, it is illustrated that a display
device 1_1 according to the present embodiment includes an
undercut area UDA_1 disposed on the side surface of the
pixel defining layer PDL defining the opening of the pixel
defining layer PDL.

[0174] A first auxiliary electrode UDE1_1 and a second
auxiliary electrode UDE2_1 of the display device 1_1
according to the present embodiment may each integrally
extend to cover an entirety of a portion of the first pixel
electrode PXE1 exposed by the opening of the pixel defining
layer PDL and a portion of the side surface of the pixel
defining layer PDL defining the opening of the pixel defining
layer PDL. Accordingly, the first auxiliary electrode
UDE1_1 and the second auxiliary electrode UDE2_1 may
have a shape similar to a ‘U’ in cross-sectional view. In this
case, a profile of the element layer constituting the interme-
diate layer ML (see FIG. 5) and a profile of the common
electrode CE may be deposited to correspond to profiles of
the first auxiliary electrode UDE1_1 and the second auxil-
iary electrode UDE2_1.

[0175] Meanwhile, the first portion HIL.a of the hole
injection layer HIL. may not be in contact with a side surface
of the first auxiliary electrode UDE1_1.

[0176] With the configuration as described above, the
undercut shape of the first auxiliary electrode UDE1_1 and
the second auxiliary electrode UDE2_1 may be more easily
formed.

[0177] FIG. 13 is a cross-sectional view of a pixel struc-
ture of a display device according to an embodiment.
[0178] Referring to FIG. 13, it is illustrated that a display
device 1_2 according to the present embodiment may
include a third auxiliary electrode UDE3 added between the
first pixel electrode PXE1 and the first auxiliary electrode
UDEL.

[0179] Insome embodiments, the third auxiliary electrode
UDE3 may have the same second width w2 in the second
direction DR2 as the second auxiliary electrode UDE2.
However, in an embodiment, the third auxiliary electrode
UDE3 may also have the same first width w1 in the second
direction DR2 as the first auxiliary electrode UDE1. FIG. 13
illustrates that the third auxiliary electrode UDE3 has the
same second width w2 in the second direction DR2 as the
second auxiliary electrode UDE2.

[0180] In this case, the undercut area defined by the
undercut shape formed by the first auxiliary electrode UDE1
and the second auxiliary electrode UDE2 may be disposed
on a portion of the third auxiliary electrode UDE3 where the
first auxiliary electrode UDE1 is not disposed.

[0181] With the configuration as described above, a struc-
ture in which the first portion HILa of the hole injection
layer HIL is not in contact with the first pixel electrode
PXFE1 may be more easily formed.
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[0182] FIG. 14 is a cross-sectional view of a pixel struc-
ture of a display device according to an embodiment.

[0183] Referring to FIG. 14, it is illustrated that a display
device 1_3 according to the present embodiment has struc-
tures of the pixels PX1, PX2, and PX3 different from each
other. For example, the first pixel PX1 may have the same
structure as the pixel structure of the display device 1_2
according to the embodiment of FIG. 13, the second pixel
PX2 may have the same structure as the pixel structure of the
display device 1 according to the embodiment of FIG. 6, and
the auxiliary electrode may not be disposed in the third pixel
PX3.

[0184] Since a structure of the first pixel PX1 of the
display device 1_3 according to the present embodiment is
the same as that described with reference to FIG. 13 and a
structure of the second pixel PX2 is the same as that
described in FIG. 6, a detailed description thereof will be
omitted.

[0185] In the case of the third pixel PX3 of the display
device 1_3 according to the present embodiment, the hole
injection layer HIL. may not be separated and integrally
formed to cover a portion of the third pixel electrode PXE3
exposed by the pixel defining layer PDL.

[0186] With the structure as described above, in the dis-
play device 1_3 according to the present embodiment, a
linear distance h1 from the first pixel electrode PXE1 to the
common electrode CE in the first pixel PX1 may be greater
than a linear distance h2 from the second pixel electrode
PXE2 to the common electrode CE in the second pixel PX2,
and the linear distance h2 from the second pixel electrode
PXE2 to the common electrode CE in the second pixel PX2
may be greater than a linear distance h3 from the third pixel
electrode PXE3 to the common electrode CE in the third
pixel PX3.

[0187] For example, since the first pixel PX1 further
includes the third auxiliary electrode UDE3 compared to the
second pixel PX2, the linear distance h1 from the first pixel
electrode PXE1 to the common electrode CE may be greater
than the linear distance h2 from the second pixel electrode
PXE2 to the common electrode CE. In addition, since the
first auxiliary electrode UDE1 and the second auxiliary
electrode UDE2 are omitted in the third pixel PX3 compared
to the second pixel PX2, the linear distance h3 from the third
pixel electrode PXE3 to the common electrode CE may be
smaller than the linear distance h2 from the second pixel
electrode PXE2 to the common electrode CE.

[0188] Accordingly, in the display device 1_3 according to
the present embodiment, the structure of each of the pixels
PX1, PX2, and PX3 may be differentiated by considering a
thickness of the intermediate layer required for a resonance
phenomenon of each light emitted by each of the pixels PX1,
PX2, and PX3 and at the same time considering an influence
of leakage current that may occur by adjacent pixels.

[0189] Specifically, the thickness of the intermediate layer
required for the resonance phenomenon may vary according
to a wavelength of light emitted by each of the pixels PX1,
PX2, and PX3. In general, the thickness of the intermediate
layer required for the resonance phenomenon may have a
proportional correlation with the wavelength of emitted
light. In addition, when each of the pixels PX1, PX2, and
PX3 is driven in a low grayscale, a pixel emitting light in a
blue wavelength band may be hardly affected by the leakage
current.
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[0190] Therefore, when the first pixel PX1 emits first light
L1 in a red wavelength band, the second pixel PX2 emits
second light [.2 in a green wavelength band, and the third
pixel PX3 emits third light [.3 in a blue wavelength band, the
linear distance h1 from the first pixel electrode PXE1 to the
common electrode CE may be adjusted to about 3000 A and
the occurrence of the leakage current may be prevented or at
least reduced by forming the structure of the first pixel PX1
to be identical to that of the display device 1_2 according to
the embodiment of FIG. 13. The linear distance h2 from the
second pixel electrode PXE2 to the common electrode CE
may be adjusted to about 2500 A and the occurrence of the
leakage current may be prevented or at least reduced by
forming the structure of the second pixel PX2 to be identical
to that of the display device 1 according to the embodiment
of FIG. 6. The linear line distance h3 from the third pixel
electrode PXE3 to the common electrode CE may be
adjusted to about 2000 A by forming the structure of the
third pixel PX3 such that the first auxiliary electrode UDE1
and the second auxiliary electrode UDE2 are omitted as
described above.

[0191] In this case, since the third light .3 emitted from
the third pixel PX3 is light in the blue wavelength band that
is hardly affected by the leakage current at low grayscale, the
hole injection layer HIL disposed in the third pixel PX3 is
not necessarily disconnected.

[0192] Inconcluding the detailed description, those skilled
in the art will appreciate that many variations and modifi-
cations can be made to the embodiments without substan-
tially departing from the principles of the inventive concept.
Therefore, the disclosed embodiments are used in a generic
and descriptive sense only and not for purposes of limitation.

What is claimed is:

1. A display device comprising:

a pixel electrode disposed on a substrate;

a pixel defining layer disposed on the pixel electrode and
comprising an opening extending to a portion of the
pixel electrode;

a first auxiliary electrode disposed on the portion of the
pixel electrode to which the opening of the pixel
defining layer extends;

a second auxiliary electrode disposed on the first auxiliary
electrode;

an intermediate layer disposed on the pixel defining layer
and the second auxiliary electrode; and

a common electrode disposed on the intermediate layer,

wherein the intermediate layer includes a hole injection
layer, a light-emitting layer, and an electron injection
layer that are sequentially stacked,

a side surface of the first auxiliary electrode is positioned
inward of a side surface of the second auxiliary elec-
trode within the opening of the pixel defining layer to
form an undercut shape, and

the hole injection layer of the intermediate layer includes:

a first portion disposed on a side surface of the pixel
defining layer defining the opening of the pixel defining
layer, and

a second portion disconnected from the first portion and
disposed on the second auxiliary electrode.

2. The display device of claim 1, wherein the intermediate
layer further includes a hole transport layer disposed
between the light-emitting layer and the hole injection layer,
and
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the hole transport layer integrally extends to cover the
side surface of the pixel defining layer defining the
opening of the pixel defining layer and the second
auxiliary electrode.

3. The display device of claim 2, wherein the intermediate
layer further includes an electron transport layer disposed
between the light-emitting layer and the electron injection
layer, and

the electron transport layer and the electron injection layer
integrally extend to cover the side surface of the pixel
defining layer defining the opening of the pixel defining
layer and the second auxiliary electrode.

4. The display device of claim 3, wherein the hole

injection layer includes NDP-9.

5. The display device of claim 1, wherein the first auxil-
iary electrode covers a portion of the portion of the pixel
electrode to which the opening of the pixel defining layer
extends, and

the second auxiliary electrode is spaced apart from the
pixel electrode with the first auxiliary electrode inter-
posed between the second auxiliary electrode and the
pixel electrode.

6. The display device of claim 5, wherein an undercut
space defined by a bottom surface of the second auxiliary
electrode and the side surface of the first auxiliary electrode
is disposed on a top surface of the pixel electrode.

7. The display device of claim 6, wherein the first portion
of the hole injection layer is not in contact with the pixel
electrode.

8. The display device of claim 1, wherein the first auxil-
iary electrode and the second auxiliary electrode integrally
extend to cover an entirety of the portion of the pixel
electrode to which the opening of the pixel defining layer
extends and a portion of the side surface of the pixel defining
layer defining the opening of the pixel defining layer.

9. The display device of claim 8, wherein an undercut
space defined by a bottom surface of the second auxiliary
electrode and the side surface of the first auxiliary electrode
is disposed on the side surface of the pixel defining layer
defining the opening of the pixel defining layer.

10. The display device of claim 9, wherein the first portion
of the hole injection layer is not in contact with the side
surface of the first auxiliary electrode.

11. The display device of claim 1, further comprising a
third auxiliary electrode disposed between the first auxiliary
electrode and the pixel electrode,

wherein a side surface of the third auxiliary electrode is
positioned outward of the side surface of the first
auxiliary electrode within the opening of the pixel
defining layer.

12. The display device of claim 11, wherein an undercut
space defined by a bottom surface of the second auxiliary
electrode and the side surface of the first auxiliary electrode
is disposed on a top surface of the third auxiliary electrode.

13. A display device comprising:

a pixel electrode layer including a first pixel electrode, a
second pixel electrode, and a third pixel electrode
disposed to be spaced apart from each other on a
substrate;

apixel defining layer disposed on the pixel electrode layer
and comprises a first opening extending to a portion of
the first pixel electrode, a second opening extending to
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a portion of the second pixel electrode, and a third
opening extending to a portion of the third pixel
electrode;

an intermediate layer disposed on the pixel defining layer
and extending to cover the first opening, the second
opening, and the third opening of the pixel defining
layer;

a first auxiliary electrode and a second auxiliary electrode
disposed between the intermediate layer and at least
one of the first pixel electrode, the second pixel elec-
trode, and the third pixel electrode and sequentially
stacked; and

a common electrode disposed on the intermediate layer
and extending to cover the first opening, the second
opening, and the third opening of the pixel defining
layer,

wherein the intermediate layer includes a hole injection
layer, a light-emitting layer, and an electron injection
layer that are sequentially stacked,

a side surface of the first auxiliary electrode is positioned
inward of a side surface of the second auxiliary elec-
trode within at least one of the first opening, the second
opening, and the third opening of the pixel defining
layer to form an undercut shape, and

the hole injection layer of the intermediate layer includes:

a first portion disposed on a side surface of the pixel
defining layer defining each opening of the pixel defin-
ing layer, and

a second portion disconnected from the first portion and
disposed on the second auxiliary electrode.

14. The display device of claim 13, wherein the interme-

diate layer further includes:

a hole transport layer disposed between the hole injection
layer and the light-emitting layer, and

an electron transport layer disposed between the light-
emitting layer and the electron injection layer, and

the hole transport layer, the electron transport layer, and
the electron injection layer each integrally extend and
overlap the first pixel electrode, the second pixel elec-
trode, and the third pixel electrode.

15. The display device of claim 14, wherein the light-

emitting layer includes:

a first light-emitting layer overlapping the first pixel
electrode,

a second light-emitting layer overlapping the second pixel
electrode, and

a third light-emitting layer overlapping the third pixel
electrode, and

the first light-emitting layer, the second light-emitting
layer, and the third light-emitting layer are disposed to
be spaced apart from each other.

16. The display device of claim 15, wherein the first
auxiliary electrode and the second auxiliary electrode are
disposed on the first pixel electrode and the second pixel
electrode and are not disposed on the third pixel electrode.

17. The display device of claim 16, wherein a third
auxiliary electrode is disposed between the first auxiliary
electrode disposed on the first pixel electrode and the first
pixel electrode,

a side surface of the third auxiliary electrode is positioned
outward of the side surface of the first auxiliary elec-
trode disposed on the first pixel electrode within the
first opening of the pixel defining layer, and

the first light-emitting layer emits red light.
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18. The display device of claim 17, wherein the first
auxiliary electrode disposed on the second pixel electrode is
disposed directly above the second pixel electrode, and

the second light-emitting layer emits green light.

19. The display device of claim 18, wherein the first
portion of the hole injection layer disposed on the side
surface of the pixel defining layer defining the third opening
of the pixel defining layer integrally extends to cover a top
surface of the third pixel electrode, and

the third light-emitting layer emits blue light.

20. A manufacturing method of a display device, the
manufacturing method comprising:

forming a pixel electrode on a substrate;

forming a pixel defining layer including an opening

extending to a portion of the pixel electrode on the pixel
electrode;

sequentially forming a first auxiliary electrode layer and

a second auxiliary electrode layer disposed on the pixel
defining layer and extending to cover the opening of the
pixel defining layer;
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forming a photoresist layer on a portion of the second
auxiliary electrode layer overlapping the portion of the
pixel electrode to which the opening of the pixel
defining layer extends;

forming a second auxiliary electrode by etching a portion
of the second auxiliary electrode layer that does not
overlap the photoresist layer;

forming a first auxiliary electrode by etching a portion of
the first auxiliary electrode layer that does not overlap
the photoresist layer;

forming an undercut shape in which a side surface of the
first auxiliary electrode is positioned inward of a side
surface of the second auxiliary electrode within the
opening of the pixel defining layer by etching the side
surface of the first auxiliary electrode; and

forming a hole injection layer including a first portion
disposed on a side surface of the pixel defining layer
defining the opening of the pixel defining layer and a
second portion disconnected from the first portion and
disposed on the second auxiliary electrode.

#* #* #* #* #*



