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(57) ABSTRACT

A light-emitting display device includes: a first substrate, a
subpixel on the substrate, a contact area on the first substrate,
a cover layer including first to third cover layer portions
separated from each other, a first passivation layer, the first
passivation layer exposing part of the third cover layer
portion, a second passivation layer, a pixel electrode layer
including a plurality of pixel electrode layer portions includ-
ing: a first pixel electrode layer portion, and a second pixel
electrode layer portion, an organic insulating layer, the
organic insulating layer including: an opening exposing part
of the first pixel electrode layer, and a contact hole exposing
part of the second pixel electrode layer, an organic emissive
layer, and a common electrode layer electrically connected
to the second pixel electrode layer, wherein the opening
includes a first undercut shape and a second undercut shape.

1 1'0b

A= it -
o ‘v ==l i
R e iance Il
"‘—h\ ¢¢¢¢¢ _

~—110a

' SPA

—]
T T
——
A

Flo ]
1 115119 118 116¢ 117 120b
o

CNA

NA



Patent Application Publication  Jun. 6,2019 Sheet 1 of 19 US 2019/0172898 A1
FIG. 1
J{ DATA
o | DATADC | ™
DL1 DLn
GL1
GDC [E
- SP
140
—=EVDD | T i
—EVSS
Glm




Patent Application Publication  Jun. 6,2019 Sheet 2 of 19 US 2019/0172898 A1

FIG. 2

) EVSS




Patent Application Publication

FIG. 3A

FIG. 3B

GL1<

Jun. 6,2019 Sheet 3 of 19

US 2019/0172898 A1

GL1<

L1 INIT EVDD
~GL1a T I,
e /QQ '
T Lo
eL1b </ OLED
EVSS
DL1 EVDD
(’GL‘H"“"—/’\—:}_‘
| | DR
SH1 ot I INIT
S
N2 SW2
L]
\GUb U \JJ T
<7 0LED




Patent Application Publication  Jun. 6,2019 Sheet 4 of 19 US 2019/0172898 A1

FIG. 4
SP AA
| |
/ \
[\3 J
~+—110b
}m
~—110a
I 12
}
(

PAD



Jun. 6,2019 Sheet 5 of 19 US 2019/0172898 A1

Patent Application Publication

FIG. 5A
1100
170—7/ ) 110
f:’ +~—110a
I1 | 12
AA
FIG. 5B
| ‘ L
\ 110
/ +—110a
1 12
AA

I



Patent Application Publication

1202

Jun. 6,2019 Sheet 6 of 19

FIG. 6

OLED{

US 2019/0172898 A1

TFT{

T

i

116¢

1170120b

AUK

NA



Patent Application Publication  Jun. 6,2019 Sheet 7 of 19 US 2019/0172898 A1

FIG. 7

OPN

P
La

OLED-

Im}nuu}q\ et v e
”““I"““""“illilll"l“l'lill’llillllll“

. Nl

TFT m’/ s : i /
| L1 \\ {‘ \\ L i X\
REILEREREE
[ o]
117a 116a 112 113 114 116b 1176 111 115119 118 1160117 120b
Al

i i P i
i ! ] i
1 ! I i
e oere T . e e e ey

’ SPA ’ NA ‘ CNA ‘



Patent Application Publication  Jun. 6,2019 Sheet 8 of 19 US 2019/0172898 A1

TFT{ i:f\ |
AEIREEE
! g 1

Lo ! |
117a 1162 112 113 114 116b 1170 111 115 119 118 116¢ 117¢ 110a

S —

i [}
i I
| N

SPA ’ NA

4
|

CNA !




Patent Application Publication  Jun. 6,2019 Sheet 9 of 19 US 2019/0172898 A1

FIG. 9

T oAt TR
FREaEa
S 1 EREREr
3 e e e w e b F
. . - +
* At ) .
o) worl o
. :
5 fy
' ( | % k

L i — , { — Y
\ \\ \ B L
[ J } ol
117a116a 112 113 114 116b 117b 111 115 119 118 ti6c 117¢ 110a

1
I
]
Lol
3

SPA ‘ NA ‘ CNA



Patent Application Publication  Jun. 6,2019 Sheet 10 of 19  US 2019/0172898 A1

FIG. 10

OPN CNH

Y
¥




Patent Application Publication  Jun. 6,2019 Sheet 11 of 19  US 2019/0172898 A1

'y
i
¥
A
L



Patent Application Publication  Jun. 6,2019 Sheet 12 of 19  US 2019/0172898 A1

FIG. 12

|
|
;
= s Lxoges
ii{ == A
]] i\ | \\ f\ | ( l’ ! ! ] ! 1
| REEEERRNENE
T T T
117a 116a 112 113 114 116b 1170 111 115119 118 116¢ 117c 120

(N

Y“‘—J
CAx

—————————————— el !

‘ SPA ‘ NA CNA

i 1
t t
i |



Patent Application Publication  Jun. 6,2019 Sheet 13 of 19  US 2019/0172898 A1

FIG. 13

120c - OPN CNH

| NS——

‘ SPA ‘ NA ONA



Patent Application Publication  Jun. 6,2019 Sheet 14 of 19  US 2019/0172898 A1

L I\ t \ 1 ‘ i 1 /{ / /l
| BRI
; ) Vo
117a 116a 112 113 114 116b 1170 111 115119118 116¢117¢ 1200
. l C A



Patent Application Publication  Jun. 6,2019 Sheet 15 of 19  US 2019/0172898 A1

FIG. 15

TFT{ 7_/:\1/ " i : r‘J( i
] i
RIS \ / T L
117a116a 112 113 114 116b 1176 111 115119118 116¢117¢ 120b
— A
| ! o AUX ;
E;,‘—___»L‘_____*_____‘,E

SPA ’ NA CNA



Patent Application Publication  Jun. 6,2019 Sheet 16 of 19  US 2019/0172898 A1

FIG. 16

(123

OLED

H}.LJ A, “%"m“mumm e ;*: Zlﬁgﬁ“;}}‘ég *.\:.:*:y H"‘Gl




Patent Application Publication  Jun. 6,2019 Sheet 17 of 19  US 2019/0172898 A1

g A om0 ¢ AKX om0
- L L L
e E— A M

FIG. 17A FIG.17B



Patent Application Publication

$p— -]

AUX~+

SRRV S SRS S SRS S SR S AN S N—
Py iy Bl prenmeney e jereed

FIG.

18A

Jun. 6,2019 Sheet 18 of 19

US 2019/0172898 A1

P

AUX—+

SN S KR [ SO D SO S SU— . —

FIG. 18B




Patent Application Publication  Jun. 6,2019 Sheet 19 of 19  US 2019/0172898 A1

||
I
|l
I
|
|

Il
Il
| |

FIG. 19A FIG. 19B



US 2019/0172898 A1l

LIGHT-EMITTING DISPLAY DEVICE AND
METHOD OF MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims the benefit of and priority
to Korean Patent Application No. 10-2017-0166243, filed on
Dec. 5, 2017, the entirety of which is hereby incorporated by
reference.

BACKGROUND

1. Technical Field

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

2. Discussion of the Related Art

[0003] The market for displays, which act as an interme-
diary between users and information, is growing with the
development of information technology. Thus, display
devices, such as light-emitting displays (LEDs), liquid crys-
tal displays (LCDs), and plasma display panels (PDPs) are
increasingly used.

[0004] Of the aforementioned displays, a light-emitting
display includes a display panel including a plurality of
subpixels, a drive part that drives the display panel, and a
power supply part that supplies electric power to the display
panel. The drive part includes a scan driver that supplies
scan signals (or gate signals) to the display panel and a data
driver that supplies data signals to the display panel.
[0005] In the light-emitting display, when scan signals,
data signals, etc. are supplied to subpixels arranged in a
matrix, the light-emitting diodes of selected subpixels emit
light, thereby displaying an image. The light-emitting dis-
play may be classified as a “bottom-emission” type that
emits light toward a first substrate or a “top-emission” type
that emits light toward a second substrate. The light-emitting
displays of the related art still require improvement for
large-area applications.

SUMMARY

[0006] Accordingly, the present disclosure is directed to a
light-emitting display device and a method of manufacturing
the same that substantially obviate one or more of the issues
due to limitations and disadvantages of the related art.
[0007] Additional features and aspects will be set forth in
the description that follows, and in part will be apparent
from the description, or may be learned by practice of the
inventive concepts provided herein. Other features and
aspects of the inventive concepts may be realized and
attained by the structure particularly pointed out in the
written description, or derivable therefrom, and the claims
hereof as well as the appended drawings.

[0008] To achieve these and other aspects of the inventive
concepts as embodied and broadly described, there is pro-
vided a light-emitting display device, including: a first
substrate, an interlayer insulating layer on the first substrate,
a subpixel on the substrate, the subpixel including: a light-
emitting area, and a non-light-emitting area, a contact area
on the first substrate, a metal layer on the interlayer insu-
lating layer on the first substrate, the metal layer including
a plurality of metal layer portions, the plurality of metal
layer portions including: first and second metal layer por-
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tions disposed separately in the light-emitting area and in the
non-light-emitting area, and a third metal layer portion
disposed in the contact area, a cover layer including a
plurality of cover layer portions including first to third cover
layer portions disposed separately and respectively corre-
sponding to the first to third metal layer portions, a first
passivation layer covering the third cover layer portion in
the contact area, the first passivation layer exposing part of
the third cover layer portion, a second passivation layer
covering the first cover layer portion and the second cover
layer portion, exposing part of the second cover layer
portion, covering the first passivation layer, and exposing
part of the third cover layer portion, a pixel electrode layer
including a plurality of pixel electrode layer portions includ-
ing: a first pixel electrode layer portion on the second cover
layer portion, and a second pixel electrode layer portion on
the third cover layer portion, an organic insulating layer on
the second passivation layer, the organic insulating layer
including: an opening exposing part of the first pixel elec-
trode layer, and a contact hole exposing part of the second
pixel electrode layer, an organic emissive layer on the
organic insulating layer and the first and second pixel
electrode layers, and a common electrode layer on the
organic emissive layer, the common electrode layer being
electrically connected to the second pixel electrode layer in
the contact area, wherein the opening includes a first under-
cut shape including a recess of the second passivation layer
into the bottom of the organic insulating layer partially
exposing the bottom of the organic insulating layer, and
wherein the contact hole includes a second undercut shape
including a recess of the first passivation layer and the
second passivation layer into the bottom of the organic
insulating layer partially exposing the bottom of the organic
insulating layer.

[0009] Inanother aspect, there is provided a first substrate,
a subpixel on the substrate, a contact area on the first
substrate, a cover layer including a plurality of cover layer
portions including first to third cover layer portions, each of
the first to third cover layer portions being separated from
each other, a first passivation layer covering the third cover
layer portion in the contact area, the first passivation layer
exposing part of the third cover layer portion, a second
passivation layer covering the first cover layer portion and
the second cover layer portion, exposing part of the second
cover layer portion, covering the first passivation layer, and
exposing part of the third cover layer portion, a pixel
electrode layer including a plurality of pixel electrode layer
portions including: a first pixel electrode layer portion on the
second cover layer portion, and a second pixel electrode
layer portion on the third cover layer portion, an organic
insulating layer on the second passivation layer, the organic
insulating layer including: an opening exposing part of the
first pixel electrode layer, and a contact hole exposing part
of the second pixel electrode layer, an organic emissive layer
on the organic insulating layer and the first and second pixel
electrode layers, and a common electrode layer on the
organic emissive layer, the common electrode layer being
electrically connected to the second pixel electrode layer in
the contact area, wherein the opening includes a first under-
cut shape including a recess of the second passivation layer
into the bottom of the organic insulating layer partially
exposing the bottom of the organic insulating layer, wherein
the contact hole includes a second undercut shape including
a recess of the first passivation layer and the second passi-
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vation layer into the bottom of the organic insulating layer
partially exposing the bottom of the organic insulating layer,
and wherein a distance between the third cover layer portion
and the organic insulating layer is different from a distance
between the first cover layer portion and the organic insu-
lating layer.

[0010] In another aspect, there is provided a method of
manufacturing a light-emitting display device, the method
including: providing a first substrate, providing a subpixel
on the substrate, the providing the subpixel including: pro-
viding a light-emitting area, and providing a non-light-
emitting area, providing a contact area on the first substrate,
providing a cover layer including providing a plurality of
cover layer portions including first to third cover layer
portions disposed separate from each other, covering the
third cover layer portion in the contact area with a first
passivation layer, the first passivation layer exposing part of
the third cover layer portion, providing a second passivation
layer covering the first cover layer portion and the second
cover layer portion, exposing part of the second cover layer
portion, covering the first passivation layer, and exposing
part of the third cover layer portion, providing a pixel
electrode layer including providing a plurality of pixel
electrode layer portions including: providing a first pixel
electrode layer portion on the second cover layer portion,
and providing a second pixel electrode layer portion on the
third cover layer portion, providing an organic insulating
layer on the second passivation layer, the providing the
organic insulating layer including: providing an opening that
exposes part of the first pixel electrode layer, and providing
a contact hole that exposes part of the second pixel electrode
layer, providing an organic emissive layer on the organic
insulating layer and the first and second pixel electrode
layers, and providing a common electrode layer on the
organic emissive layer, the common electrode layer being
electrically connected to the second pixel electrode layer,
wherein the opening is provided with a first undercut shape
formed by recessing the second passivation layer into the
bottom of the organic insulating layer to partially expose the
bottom of the organic insulating layer, wherein the contact
hole is provided with a second undercut shape formed by
recessing the first passivation layer and the second passiva-
tion layer into the bottom of the organic insulating layer to
partially expose the bottom of the organic insulating layer,
and wherein the first and second pixel electrode portions are
self-aligned.

[0011] Other systems, methods, features and advantages
will be, or will become, apparent to one with skill in the art
upon examination of the following figures and detailed
description. It is intended that all such additional systems,
methods, features and advantages be included within this
description, be within the scope of the present disclosure,
and be protected by the following claims. Nothing in this
section should be taken as a limitation on those claims.
Further aspects and advantages are discussed below in
conjunction with embodiments of the disclosure. It is to be
understood that both the foregoing general description and
the following detailed description of the present disclosure
are examples and explanatory, and are intended to provide
further explanation of the disclosure as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The accompanying drawings, that may be included
to provide a further understanding of the disclosure and are
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incorporated in and constitute a part of this specification,
illustrate embodiments of the disclosure and together with
the description serve to explain various principles of the
disclosure.

[0013] FIG. 1 is a schematic block diagram of an organic
light-emitting display.

[0014] FIG. 2 is a schematic circuit diagram of a subpixel.
[0015] FIGS. 3A and 3B illustrates examples of a detailed
circuit configuration of a portion of FIG. 2.

[0016] FIG. 4 illustrates an example of the plane of a
display panel.
[0017] FIGS. 5A and 5B illustrate examples of a cross-

section taken along the line 11-12 of FIG. 4.

[0018] FIG. 6 is a cross-sectional view of a portion of the
display panel according to a test example embodiment of the
present disclosure.

[0019] FIG. 7 is a cross-sectional view of a portion of the
display panel according to a first example embodiment of
the present disclosure.

[0020] FIGS. 8 to 15 illustrate a manufacturing method of
the display panel according to the first example embodiment
of the present disclosure.

[0021] FIG. 16 is a cross-sectional view of a portion of the
display panel according to a second example embodiment of
the present disclosure.

[0022] FIGS.17Ato 19B illustrate examples of an array of
auxiliary lines according to a third example embodiment of
the present disclosure.

[0023] Throughout the drawings and the detailed descrip-
tion, unless otherwise described, the same drawing reference
numerals should be understood to refer to the same ele-
ments, features, and structures. The relative size and depic-
tion of these elements may be exaggerated for clarity,
illustration, and convenience.

DETAILED DESCRIPTION

[0024] Reference will now be made in detail to embodi-
ments of the present disclosure, examples of which may be
illustrated in the accompanying drawings. In the following
description, when a detailed description of well-known
functions or configurations related to this document is
determined to unnecessarily cloud a gist of the inventive
concept, the detailed description thereof will be omitted. The
progression of processing steps and/or operations described
is an example; however, the sequence of steps and/or opera-
tions is not limited to that set forth herein and may be
changed as is known in the art, with the exception of steps
and/or operations necessarily occurring in a particular order.
Like reference numerals designate like elements throughout.
Names of the respective elements used in the following
explanations are selected only for convenience of writing the
specification and may be thus different from those used in
actual products.

[0025] 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. For example, a first element could be termed
a second element, and, similarly, a second element could be
termed a first element, without departing from the scope of
the present disclosure.

[0026] The term “at least one” should be understood as
including any and all combinations of one or more of the
associated listed items. For example, the meaning of “at
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least one of a first item, a second item, and a third item”
denotes the combination of all items proposed from two or
more of the first item, the second item, and the third item as
well as the first item, the second item, or the third item.
[0027] In the description of embodiments, when a struc-
ture is described as being positioned “on or above” or “under
or below” another structure, this description should be
construed as including a case in which the structures contact
each other as well as a case in which a third structure is
disposed therebetween. The size and thickness of each
element shown in the drawings are given merely for the
convenience of description, and embodiments of the present
disclosure are not limited thereto.

[0028] Features of various embodiments of the present
disclosure may be partially or overall coupled to or com-
bined with each other, and may be variously inter-operated
with each other and driven technically as those skilled in the
art can sufficiently understand. Embodiments of the present
disclosure may be carried out independently from each
other, or may be carried out together in co-dependent
relationship.

[0029] Features of various embodiments of the present
disclosure may be partially or overall coupled to or com-
bined with each other, and may be variously inter-operated
with each other and driven technically as those skilled in the
art can sufficiently understand. Embodiments of the present
disclosure may be carried out independently from each
other, or may be carried out together in a co-dependent
relationship.

[0030] Hereinafter, a display apparatus according to an
embodiment of the present disclosure will be described in
detail with reference to the accompanying drawings. In
adding reference numerals to elements of each of the draw-
ings, although the same elements are illustrated in other
drawings, like reference numerals may refer to like ele-
ments.

[0031] A light-emitting display device to be described
below may be implemented as a television, a video player,
a personal computer (PC), a home theater, a smartphone, a
virtual reality (VR) device, an augmented reality (AR)
device, etc. The light-emitting display device is applicable to
an inorganic light-emitting display device based on inor-
ganic light-emitting diodes, as well as an organic light-
emitting display device based on organic light-emitting
diodes (light-emitting display elements). The following
description will be given with respect to an organic light-
emitting display device by way of example.

[0032] FIG. 1 is a schematic block diagram of an organic
light-emitting display. FIG. 2 is a schematic circuit diagram
of a subpixel. FIGS. 3A and 3B illustrates examples of a
detailed circuit configuration of a portion of FIG. 2. FIG. 4
illustrates an example of the plane of a display panel. FIGS.
5A and 5B illustrate examples of a cross-section taken along
the line 11-12 of FIG. 4.

[0033] As shown in the FIG. 1 example, the organic
light-emitting display may include a timing controller 180,
a data driver 130, a scan driver 140, a display panel 110, and
a power supply part 160. The timing controller 180 may
receive drive signals, including a data enable signal, a
vertical synchronization signal, a horizontal synchronization
signal, and a clock signal, along with data signals DATA,
from an image processor (not shown). Based on the drive
signals, the timing controller 180 may output a gate timing
control signal GDC for controlling the operation timing of
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the scan driver 140 and a data timing control signal DDC for
controlling the operation timing of the data driver 130. The
timing controller 180 may be provided in the form of an
integrated circuit (IC).

[0034] The data driver 130 may sample and latch a data
signal DATA supplied from the timing controller 180 in
response to a data timing control signal DDC supplied from
the timing controller 180, and may convert a digital data
signal to an analog data signal (or data voltage) as a gamma
reference voltage and may output the converted digital data
signal. The data driver 130 may output data signals DATA
through data lines DL1 to DLn. The data driver 130 may be
provided in the form of an IC.

[0035] The scan driver 140 may output scan signals in
response to a gate timing control signal GDC supplied from
the timing controller 180. The scan driver 140 may output
scan signals through scan lines (or gate lines) GL1 to GLm.
The scan driver 140 may be provided in the form of an IC
or may be formed on the display panel 110 using gate-in-
panel technology in which transistors are formed using a
thin-film process.

[0036] The power supply part 160 may output a high-level
voltage and a low-level voltage. The high-level voltage and
low-level voltage outputted from the power supply part 160
may be supplied to the display panel 110. The high-level
voltage may be supplied to the display panel 110 via a first
power line EVDD, and the low-level voltage may be sup-
plied to the display panel 110 via a second power line EVSS.
The power supply part 160 may be provided in the form of
an IC.

[0037] The display panel 110 may display an image in
response to data signals DATA supplied from the data driver
130, scan signals supplied from the scan driver 140, and
electric power supplied from the power supply part 160. The
display panel 110 may include subpixels SP that work to
display an image and emit light.

[0038] The subpixels SP may include red subpixels, green
subpixels, and blue subpixels, or may include white subpix-
els, red subpixels, green subpixels, and blue subpixels.
Embodiments are not limited to these examples. The sub-
pixels SP may have one or more different light-emission
areas depending on the light-emission characteristics.

[0039] As shown in the FIG. 2 example, a single subpixel
may be positioned at the intersection of a data line DL.1 and
ascan line GL1, and may include a programming part SC for
setting the gate-source voltage of a driving transistor DR and
an organic light-emitting diode OLED. The organic light-
emitting diode OLED may include an anode ANO, a cathode
CAT, and an organic emissive layer sandwiched between the
anode ANO and the cathode CAT. The anode ANO may be
connected to the driving transistor DR.

[0040] The programming part SC may include a transistor
part (e.g., a transistor array) including at least one switching
transistor and at least one capacitor. The transistor part may
be implemented based on a complementary metal-oxide-
semiconductor (CMOS) semiconductor, a p-type metal-
oxide-semiconductor (PMOS) semiconductor, or an n-type
metal-oxide-semiconductor (NMOS) semiconductor. The
transistors in the transistor part may be implemented as
p-type or n-type. Moreover, semiconductor layers of the
transistors included in the transistor part of the subpixel may
contain amorphous silicon, polysilicon, or oxide. Embodi-
ments are not limited to these examples.
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[0041] The switching transistor may turn on in response to
a scan signal from the scan line GL1 to apply a data voltage
from the data line DL1 to one electrode of the capacitor. The
driving transistor DT may adjust the amount of light emitted
from the organic light-emitting diode OLED by controlling
the amount of current depending on the amount of voltage
stored in the capacitor. The amount of light emitted from the
organic light-emitting diode OLED is proportional to the
amount of current supplied from the driving transistor DT.
Also, the subpixel may be connected to a first power supply
line EVDD and a second power supply line EVSS to receive
high-level voltage and low-level voltage.

[0042] As shown in the FIG. 3A example, the subpixel
may include an internal compensation circuit CC, as well as
the aforementioned switching transistor SW, driving tran-
sistor DR, capacitor Cst, and organic light-emitting diode
OLED. The internal compensation circuit CC may include
one or more transistors connected to a compensation signal
line INIT. The internal compensation circuit CC may set the
gate-source voltage of the driving transistor DR to a voltage
that reflects variation in threshold voltage to reduce or
cancel out any brightness variation caused by the threshold
voltage of the driving transistor DR when the organic
light-emitting diode OLED emits light. For example, the
scan line GL1 may include at least two scan lines GL1a and
GL1b for controlling the switching transistor SW and the
transistors in the internal compensation circuit CC.

[0043] As shown in the FIG. 3B example, the subpixel
may include a switching transistor SW1, a driving transistor
DR, a sensing transistor SW2, a capacitor Cst, and an
organic light-emitting diode OLED. The sensing transistor
SW2 is a transistor that may be included in the internal
compensation circuit CC, and may perform a sensing opera-
tion for compensating for the subpixel.

[0044] The switching transistor SW1 may supply a data
voltage, supplied through the data line DL1 to a first node
N1, in response to a scan signal supplied through the first
scan line GL1a. The sensing transistor SW2 may reset or
sense a second node N2, situated between the driving
transistor DR and the organic light-emitting diode OLED, in
response to a sensing signal supplied through the second
scan line GL1b.

[0045] Meanwhile, the above circuit configuration of the
subpixel depicted in the examples of FIGS. 3A and 3B is
illustrated for ease of comprehension. That is, the circuit
configuration of the subpixel according to an embodiment of
the present disclosure is not limited to the above example,
but may vary, including, e.g., 27T (transistor) 1C (capacitor),
3T2C. 4T2C, 5TIC, 6T2C, and 7T2C configurations.
[0046] As shown in the FIG. 4 example, the display panel
110 may include a first substrate 110q, a second substrate
1105, a display area AA, and a pad part PAD. The display
area AA may include subpixels SP that may emit light.
While the subpixels SP in the display area AA may be sealed
because of their sensitivity to moisture or oxygen, the pad
part PAD may be exposed because it may include pads for
facilitating an electrical connection with an external sub-
strate.

[0047] The display area AA may occupy most of the
surface of the first substrate 1104, and the pad part PAD may
be on one outer edge of the first substrate 110a. The display
panel 110 may be rectangular, but embodiments are not
limited thereto. For example, the display panel 110 may
have various shapes, such as a pentagon, hexagon, polygon,
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circle, or oval. An oval shape may include an elliptical
shape, an egg-shape, a rectangular shape with rounded
corners, or other non-circular curved shape having a width
different from its height.

[0048] As shown in the examples of FIG. 4 and FIG. 5A,
the display area AA may be sealed with a sealing member
170 between the first substrate 110a and second substrate
1105. As shown in the examples of FIG. 4 and FIG. 5B, the
display area AA may be sealed with the first substrate 110a
and second substrate 1105 alone.

[0049] The display panel 110 may be provided in various
shapes, including flat, flexible or stretchable, or curved.
Moreover, the display panel 110 may be implemented as a
bottom-emission type that may emit light toward the first
substrate 110a, a top-emission type that may emit light
toward the second substrate 1105, or a dual-emission type
that may emit light toward both of the substrates 110a and
1105. Therefore, the sealing structure of the display panel
110 may be selected to conform to a desired shape, and is
therefore not limited to what is depicted in FIGS. 4 and 5.
Below, the top-emission type will be described as an
example of the large-area display panel 110.

Test Example

[0050] FIG. 6 is a cross-sectional view of a portion of the
display panel according to a test example embodiment of the
present disclosure.

[0051] As shown in the example of FIG. 6, the display
panel according to the test example may include a first
substrate 110q, a transistor TFT, an organic light-emitting
diode OLED, and a second substrate 1105. The transistor
TFT and the organic light-emitting diode OLED may be
included in a light-emitting area SPA of a subpixel.

[0052] A non-light-emitting area NA may be adjacent to
the light-emitting area SPA of the subpixel. A contact area
CNA may be adjacent to the non-light-emitting area NA. In
areas other than the light-emitting area SPA of the subpixel,
light emission may not actually occur. Thus, the contact area
CNA may also be included in the non-light-emitting area
NA. However, it should be noted that the contact area CNA
may be provided to connect a common electrode layer 123
of the organic light-emitting diode OLED to an auxiliary line
AUX, and may therefore be defined as a separate area
because of its functional differences from the non-light-
emitting area NA. The components included in the display
panel according to the test example will be discussed in
further detail with regard to in the example embodiments
below, so detailed descriptions thereof will be omitted.
[0053] In the test example, the auxiliary line AUX may
improve brightness uniformity on a large-area, top-emission
display panel. The auxiliary line AUX may include multiple
layers to help reduce the resistance of the common electrode
layer 123. The auxiliary line AUX may include a first
auxiliary electrode layer portion 116¢, which may be one of
metal layer portions 116a, 1165, and 116¢, a second auxil-
iary electrode layer portion 117¢, which may be one of cover
layer portions 117a, 117b, and 117¢, and a third auxiliary
electrode layer portion 1205, which may be one of pixel
electrode layers 120, 120a, and 1204. The third auxiliary
electrode layer portion 1205 at the uppermost part of the
auxiliary line AUX may be electrically connected to the
common electrode layer 123.

[0054] In the test example, an organic emissive layer 122
is situated between the common electrode layer 123 and the
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third auxiliary electrode layer portion 1205 at the uppermost
part of the auxiliary line AUX, due to the characteristics of
the manufacturing process. Thus, the structure of the test
example uses laser irradiation to bring the common elec-
trode layer 123 and the third auxiliary electrode layer
portion 1205 at the uppermost part of the auxiliary line AUX
into electrical contact with each other. In the example
embodiment of the present disclosure described below, the
auxiliary line AUX provided on the large-area, top-emission
display panel to help reduce the resistance of the common
electrode layer 123 may allow for contact between elec-
trodes without any laser irradiation process.

First Example Embodiment

[0055] FIG. 7 is a cross-sectional view of a portion of the
display panel according to a first example embodiment of
the present disclosure.

[0056] As shown in the FIG. 7 example, the display panel
according to the first example embodiment may include a
first substrate 110a, a transistor TFT, an organic light-
emitting diode OLED, and a second substrate 1105. The
transistor TFT and the organic light-emitting diode OLED
may be included in a light-emitting area SPA of a subpixel.
[0057] A non-light-emitting area NA may be adjacent to
the light-emitting area SPA of the subpixel. A contact area
CNA may be adjacent to the non-light-emitting area NA. In
areas other than the light-emitting area SPA of the subpixel,
light emission may not actually occur. Thus, the contact area
CNA may also be included in the non-light-emitting area
NA. However, it should be noted that the contact area CNA
may be provided to connect a common electrode layer 123
of the organic light-emitting diode OLED to an auxiliary line
AUX, and may therefore be defined as a separate area
because of its functional differences from the non-light-
emitting area NA.

[0058] The structures formed between the two substrates
110a and 1105 will be described below. However, it should
be noted that the cross-sectional structure seen in the light-
emitting area SPA of the subpixel may correspond to a
portion of a single subpixel. In the following description, as
long as these structures are formed on the front side of the
substrates, the structures between the two substrates 110a
and 1105 may be located in the light-emitting area SPA of
the subpixel or in the contact area CNA.

[0059] A buffer layer 111 may be on the first substrate
110a. A semiconductor layer 112 may be on the buffer layer
111. The semiconductor layer 112 may be in the display area
AA, and may have a source region, a channel region, and a
drain region. A gate insulating layer 113 may be on the
semiconductor layer 112. The gate insulating layer 113 may
cover the channel region of the semiconductor layer 112 in
the display area AA.

[0060] A gate metal layer 114 may be on the gate insu-
lating layer 113. The gate metal layer 114 may correspond to
the size of the gate insulating layer 113. The gate metal layer
114 may be a gate electrode of the transistor TFT. In
addition, the gate metal layer 114 may form a scan line or the
like. An interlayer insulating layer 115 may be on the gate
metal layer 114. The interlayer insulating layer 115 may
expose the source and drain regions of the semiconductor
layer 112.

[0061] Metal layer portions 116a, 1165, and 116¢ may be
on the interlayer insulating layer 115. The metal layer
portions 116a, 1165, and 116¢ may be on the same level or

Jun. 6, 2019

layer. The metal layer portions 1164, 1165, and 116¢ may be
divided into metal layer portions 116a and 1165 located in
the light-emitting area SPA of the subpixel, and a metal layer
portion 116¢ located in the contact area CNA. The metal
layer portions 116a and 1165 in the light-emitting area SPA
of the subpixel may be separated to be connected to the
source and drain regions of the semiconductor layer 112.
The first and second metal layer portions 116a and 1165 may
be source and drain electrodes of the transistor TFT. The
third metal layer portion 116¢ located in the contact area
CNA may be defined as the first auxiliary electrode layer
portion 116¢ of the auxiliary line AUX. The metal layer
portions 116a, 1165, and 116¢ may form a data line and the
source and drain electrodes of the transistor TFT, and may
be defined as data metal layers.

[0062] Cover layer portions 1174, 1175, and 117¢ may be
on the metal layer portions 1164, 1165, and 116¢. The cover
layer portions 117a, 117b, and 117¢ may be on the same
level or layer. The cover layer portions 117a, 1176, and 117¢
may be divided into cover layer portions 117a and 1175
located in the light-emitting area SPA of the subpixel, and a
cover layer portion 117¢ located in the contact area CNA.
The first to third cover layer portions 117a, 1175, and 117¢
may be patterned to cover the metal layer portions 116a,
116b, and 116¢, respectively. The third cover layer portion
117¢ may be defined as the second auxiliary electrode layer
portion 117¢ of the auxiliary line AUX.

[0063] In the contact area CNA, a first passivation layer
118 may expose the third cover layer portion 117¢ (or part
of the third metal layer portion 117¢ if the third cover layer
is not present). In the non-light-emitting area NA, aside from
the light-emitting area SPA of the subpixel, a second passi-
vation layer 119 may expose the second cover layer portion
1175 (or part of the second metal layer portion 1175 if the
second cover layer is not present). The first passivation layer
118 and the second passivation layer 119 may protect the
underlying structure layer including the transistor TFT. In
the contact area CNA, the first passivation layer 118 and the
second passivation layer 119 may be deposited on top of
each other to form a thick passivation layer, whereas, in the
non-light-emitting area NA, only the first passivation layer
118 may be deposited to thereby form a relatively thin
passivation layer. The benefits of varying the thickness of
the passivation layer for each area will be discussed in detail
below.

[0064] An organic insulating layer 121 may be on the
second passivation layer 119 in the non-light-emitting area
NA and contact area CNA. The organic insulating layer 121
may have an opening OPN defining the light-emitting area
SPA of the subpixel and a contact hole CNH defining the
contact area CNA. The pixel electrode layer portions 120a
and 120 may be partially exposed through the opening
OPN and contact hole CNH formed in the organic insulating
layer 121, respectively. The organic insulating layer 121
may have an opening OPN defining the light-emitting area
SPA of the subpixel. The opening OPN may have a first
undercut shape UC1, which may be formed by recessing the
second passivation layer 119 into the bottom of the organic
insulating layer 121 to partially expose the bottom of the
organic insulating layer 121. Due to the first undercut shape
UC1, the top of the second passivation layer 119 may be
narrower in width than the bottom of the organic insulating
layer 121. Although the top of the second passivation layer
119 may contact the bottom of the organic insulating layer
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121, part of the bottom of the organic insulating layer 121
may be exposed without contacting the top of the second
passivation layer 119.

[0065] The organic insulating layer 121 may have a con-
tact hole CNH defining the contact area CNA. The contact
hole CNH may have a second undercut shape UC2, which
may be formed by recessing the first passivation layer 118
and the second passivation layer 119 into the bottom of the
organic insulating layer 121 to partially expose the bottom
of the organic insulating layer 121. Due to the second
undercut shape UC2, the top of the first and second passi-
vation layers 118 and 119 may be narrower in width than the
bottom of the organic insulating layer 121. The width of the
second passivation layer 119 may be greater than the width
of the first passivation layer 118. Although the top of the
second passivation layer 119 may contact the bottom of the
organic insulating layer 121, part of the bottom of the
organic insulating layer 121 may be exposed without con-
tacting the top of the second passivation layer 119.

[0066] The first undercut shape UC1 and the second
undercut shape UC2 may have a similar shape. However, the
second passivation layer 119 may exist alone in an area
around the opening OPN formed by the first undercut shape
UC1, and both the first passivation layer 118 and the second
passivation layer 119 may exist in an area around the contact
area CNA formed by the second undercut shape UC2. The
height H of the underlying space created by the first undercut
shape UC1 and the height (H+c) of the underlying space
created by the second undercut shape UC2 may represented
by the relationship UC1<UC2.

[0067] The pixel electrode layer portions 120a and 1205
may be on the second cover layer portion 1175 and third
cover layer portion 117¢ exposed through the organic emis-
sion layer 121. The first pixel electrode layer portion 120a
on the second cover layer portion 1175 in the light-emitting
area SPA of the subpixel may be defined as the anode of the
organic light-emitting diode OLED. The second pixel elec-
trode layer portion 1205 on the third cover layer portion
117¢ in the contact area CNA may be defined as a third
auxiliary electrode layer portion 1205 of the auxiliary line
AUX. The first pixel electrode layer portion 120a may
penetrate all the way into the underlying space created by the
first undercut shape UC1, and may cover the sidewall of the
second passivation layer 119. The second pixel electrode
layer portion 1205 may penetrate all the way into the
underlying space created by the second undercut shape UC2,
and may cover the sidewall of the first passivation layer 118
(and may also cover part of the second passivation layer
119).

[0068] The organic emissive layer 122 may be on the first
pixel electrode layer portion 120a, second pixel electrode
1205, and organic insulating layer 121. The organic emissive
layer 122 may include an organic emissive layer portion
122¢ and an organic emissive layer portion 1225. The
organic emissive layer 122 may include a material that may
emit red, green, or blue light, or a material that may emit
white light if a color filter is present. Embodiments are not
limited to these examples. The organic emissive layer por-
tion 122a on the first pixel electrode layer portion 120a may
be formed along with the organic emissive layer 122 on the
organic insulating layer 121, but may be separated from it
due to the first undercut shape UCI1. Likewise, the organic
emissive layer portion 122 on the second pixel electrode
layer portion 1205 may be formed along with the organic
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emissive layer 122 on the organic emissive layer 121, but
may be separated from it due to the second undercut shape
UC2. The organic emissive layer portion 122a on the first
pixel electrode layer portion 120a may exist only in the
opening OPN due to the first undercut shape UC1, it may
occupy less area than the underlying first pixel electrode
layer portion 120a. The organic emissive layer portion 1225
on the second pixel electrode layer portion 1205 may exist
only in the contact hole CNH due to the second undercut
shape UC2, it may occupy less area than the underlying
second pixel electrode layer portion 1205. The organic
emissive layer portion 1225 existing in the contact hole
CNH may not emit light. That is, no light may be emitted in
the contact area CNA.

[0069] Due to the first undercut shape UC1, the organic
emissive layer 122 on the organic insulating layer 121 and
the organic emissive layer portion 122a on the first pixel
electrode layer portion 120a may be separated from each
other. Also, the organic insulating layer 121 may have no
pixel electrode layer portions 120a and 1205 left on it, and
this may avoid or prevent a short circuit that may occur
when the pixel electrode layer portions 120a and 1206 and
the common electrode layer 123 come into contact with each
other, even if the organic emissive layer portion 1224 is not
thin. The organic emissive layer portion 1224 on the first
pixel electrode layer portion 120a may emit light, whereas
the organic emissive layer portion 1225 on the second pixel
electrode layer portion 1205 may not emit light. As a result,
the first example embodiment may have an advantage in
reducing or preventing lateral current leakage, which may
occur between neighboring subpixels.

[0070] The common electrode layer 123 may be on the
organic emissive layer 122. The common electrode layer
123 may be defined as the cathode of the organic light-
emitting diode OLED. The common electrode layer 123 may
be formed to fully cover the organic emissive layer 122
exposed in the display area of the display panel, e.g., to
cover all subpixels. As such, the common electrode layer
123 may extend seamlessly in the non-light-emitting area
NA and the contact area CNA, as well as across the opening
OPN defining the light-emitting area SPA of the subpixel.
[0071] Notably, in the common electrode layer 123, the
underlying space created by the second undercut shape UC2
may be taller than the underlying space created by the first
second shape UC1, due to the thickness of the first passi-
vation layer 118 and second passivation layer 119 that lie
under the second undercut shape UC2. Therefore, the com-
mon electrode layer 123 in the contact area CNA may cover
the second pixel electrode layer portion 1205 exposed
through the contact hole CNH and the organic emissive layer
portion 1225 on the second pixel electrode layer portion
1205, as well as the sidewalls of the first passivation layer
118 and second passivation layer 119. As a result, the
common electrode layer 123 in the contact area CNA may be
electrically connected to the second pixel electrode layer
portion 1205 at the uppermost part of the auxiliary line
AUX, without an additional process, such as laser irradia-
tion.

[0072] Thus, in the first example embodiment of the
present disclosure, the organic emissive layer 122 can be
short-circuited simply by increasing the thickness of the
passivation layers 118 and 119 in the contact area CNA, and
at the same time the auxiliary line AUX and the common
electrode layer 123 may be brought into contact with each
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other. Due to this, when the common electrode layer 123 is
formed, it may come into electrical contact with the second
pixel electrode layer portion 1205 at the uppermost part of
the auxiliary line AUX. Therefore, the first example embodi-
ment of the present disclosure illustrated in the FIG. 7
example can simplify the process as compared to the test
example illustrated in the FIG. 6 example. According to the
first example embodiment of the present disclosure, the
common electrode layer 123 and the second pixel electrode
layer portion 1204 at the uppermost part of the auxiliary line
AUX may come into contact with each other on the sidewall
of the second passivation layer 119 exposed in the contact
area CNA. According to the first example embodiment of the
present disclosure, the common electrode layer 123 may
cover all the layers exposed in the contact area CNA.
[0073] Hereinafter, a manufacturing method of the display
panel according to the first example embodiment of the
present disclosure will be described below.

[0074] FIGS. 8 to 15 illustrate a manufacturing method of
the display panel according to the first example embodiment
of the present disclosure.

[0075] As shown in the FIG. 8 example, a buffer layer 111
may be formed on the first substrate 110a. The buffer layer
111 may be composed of a single layer of silicon nitride
(SiN,) or silicon oxide (SiO,), or may be multiple layers of
silicon nitride (SiN,) and silicon oxide (SiO,). The first
substrate 110a may include, e.g., a silicon-based material,
although embodiments are not limited thereto.

[0076] A semiconductor layer 112 may be formed on the
buffer layer 111. The semiconductor layer 112 may be
located in the display area AA, and may have a source
region, a channel region, and a drain region. The semicon-
ductor layer 112 may be made of, e.g., an organic semicon-
ductor material, an oxide semiconductor material, or a
silicon semiconductor material.

[0077] A gate insulating layer 113 may be formed on the
semiconductor layer 112, The gate insulating layer 113 may
cover the channel region of the semiconductor layer 112
existing in the display area AA. The gate insulating layer 113
may be composed of a single layer of silicon nitride (SiN,)
or silicon oxide (Si0O,), or may be multiple layers of silicon
nitride (SiN,) and silicon oxide (SiO,).

[0078] A gate metal layer 114 may be formed on the gate
insulating layer 113. The gate metal layer 114 may corre-
spond to the size of the gate insulating layer 113. The gate
metal layer 114 may be a gate electrode of the transistor
TFT. In addition, the gate metal layer 114 may form a scan
line or the like. The gate insulating layer 113 may include
one or more of: molybdenum (Mo), aluminum (Al), chro-
mium (Cr), gold (Au), titanium (Ti), nickel (Ni), and copper
(Cu), or an alloy thereof, and may be composed of a single
layer or multiple layers. Embodiments are not limited to
these examples.

[0079] An interlayer insulating layer 115 may be formed
on the gate metal layer 114. The interlayer insulating layer
115 may be composed of a single layer of silicon nitride
(SiN, ) or silicon oxide (SiO,), or may be multiple layers of
silicon nitride (SiN_ ) and silicon oxide (510, ). The interlayer
insulating layer 115 may expose the source and drain regions
of the semiconductor layer 112.

[0080] The metal layer portions 116a, 1165, and 116¢ may
be formed on the interlayer insulating layer 115. The metal
layer portions 116a, 1165, and 116¢ may include first and
second metal layer portions 116¢ and 1165 connected sepa-
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rately to the source and drain regions of the semiconductor
layer 112 in the light-emitting area SPA of the subpixel, and
a third metal layer portion 116¢ separately located in the
contact area CNA. The first and second metal layer portions
116a and 1165 may be the source and drain regions of the
transistor TFT, and the third metal layer portion 116¢ may be
the first auxiliary electrode layer portion 116¢ of the auxil-
iary line AUX. The metal layer portions 116a, 1165, and
116¢ may include one or more of: molybdenum (Mo),
aluminum (Al), chromium (Cr), gold (Au), titanium (Ti),
nickel (Ni), and copper (Cu), or an alloy thereof, and may be
composed of a single layer or multiple layers. Embodiments
are not limited to these examples.

[0081] The cover layer portions 117a, 1175, and 117¢ may
be formed on the metal layer portions 1164, 1165, and 116¢.
The cover layer portions 117a, 117b, and 117¢ may be
patterned, corresponding to the positions of the metal layer
portions 116a, 1165, and 116¢, to cover and protect the metal
layer portions 1164, 1165, and 116¢ separated for the light-
emitting area SPA of the subpixel and the contact area CNA.
Unlike the first and third cover layer portions 117a and 117¢,
the second cover layer portion 1175 may be patterned to also
cover the channel region. The third cover layer portion 117¢
may be the second auxiliary electrode layer portion 117¢ of
the auxiliary line. The cover layer portions 117a, 1175, and
117¢ may include oxides such as indium tin oxide (ITO) and
indium zinc oxide (IZO). The cover layer portions 1174,
1175, and 117¢ may be omitted due to the characteristics of
the process. A first passivation layer 118 may be formed on
the interlayer insulating layer 115 and the cover layer
portions 117a, 1175, and 117¢. The first passivation layer
may be is patterned so that part of it may be located in the
contact area CNA and the non-light-emitting area NA. The
first passivation layer 118 may expose the third cover layer
portion 117¢ located in the contact area CNA. The first
passivation layer 118 may be composed of a single layer of
silicon nitride (SiN) or silicon oxide (8i0,), or may be
multiple layers of silicon nitride (SiN) and silicon oxide
(8i0,).

[0082] As shown in the FIG. 9 example, a second passi-
vation layer 119 may be formed on the interlayer insulating
layer 115, the cover layer portions 117a, 1175, and 117¢, and
the first passivation layer 118. The second passivation layer
119 may exist alone in the non-light-emitting area NA
adjacent to the light-emitting area SPA of the subpixel, and
both the first passivation layer 118 and the second passiva-
tion layer 119 may be adjacent to the contact area CNA. As
a result, the height H of the second passivation layer 119
adjacent to the light-emitting area SPA of the subpixel may
be greater than the height (H+a) of the first and second
passivation layers 118 and 119 adjacent to the contact area
CNA. The second passivation layer 119 may include a
material either the same as or different from that of the first
passivation layer 118. The thickness of the second passiva-
tion layer 119 may be different than the thickness of the first
passivation layer 118. The thickness (e.g., greater than or
equal to 1,000 A) may be greater than the thickness (e.g.,
less than or equal to 1,000 A) of the second passivation layer
119. The thicker the first passivation layer 118 is than the
second passivation layer 119, the better. The related benefits
will be discussed below.

[0083] As shown in the FIG. 10 example, an organic
insulating layer 121 may be formed on the second passiva-
tion layer 119. The organic insulating layer 121 may be
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made of an organic material, such as a negative overcoat
layer, polyimide, benzocyclobutene series resin, acrylate,
and/or photoacrylate, although embodiments are not limited
to these examples. The organic insulating layer 121 may be
patterned to form an opening OPN in the light-emitting area
SPA of the subpixel and a contact hole CNH in the contact
area CNA.

[0084] As shown in the FIG. 11 example, the first passi-
vation layer 118 and second passivation layer 119 exposed
out of the organic insulating layer 121 may be etched by
using the organic insulating layer 121 as a mask. The first
passivation layer 118 and the second passivation layer 119
may be etched, e.g., by wet etching. A first undercut shape
UC1 may be formed in the opening OPN defining the
light-emitting area SPA of the subpixel so that the underly-
ing second passivation layer 119 may be recessed into the
organic insulating layer 121. A second undercut shape UC2
may be formed in the contact hole CNH defining the contact
area CNA so that the underlying first and second passivation
layers 118 and 119 may be recessed into the organic insu-
lating layer 121.

[0085] As shown in the FIG. 12 example, the pixel elec-
trode layer portions 120a, 1205, and 120¢ may be formed by
using the organic insulating layer 121 as a mask. The pixel
electrode layer portions 120a, 1205, and 120¢ may be
separated into different positions by the organic insulating
layer 121. The pixel electrode layer portions 120a, 1205, and
120c may be automatically separated by the organic insu-
lating layer 121, which can be referred to as “self-align-
ment.” The first pixel electrode layer portion 1204 on the
second cover layer portion 1175 in the light-emitting area
SPA of the subpixel may be defined as the anode of the
organic light-emitting diode OLED. The second pixel elec-
trode layer portion 1205 on the third cover layer portion
117¢ in the contact area CNA may be defined as the third
auxiliary electrode layer portion 1205 of the auxiliary line
AUX.

[0086] As shown in the examples of FIGS. 13 and 14,
photoresist PR may be formed by using the organic insu-
lating layer 121 as a mask. The photoresist PR may be
formed to remove the third pixel electrode layer portion
120c¢ left on the organic insulating layer 121. It may be
preferable that the photoresist PR be formed almost as high
as the bottom of the organic insulating layer 121. Accord-
ingly, the photoresist PR may be ashed and then removed,
and at the same time, the third pixel electrode layer portion
120c left on the organic insulating layer 121 may be
removed.

[0087] As shown in the FIG. 15 example, the organic
emissive layer 122, including organic emissive layer por-
tions 122a and 1225 may be formed by using the organic
insulating layer 121 as a mask. The organic emissive layer
122 may be include a material that may emit red, green, or
blue light, or a material that may emit white light if a color
filter is present. Embodiments are not limited to these
examples. The organic emissive layer portion 122a on the
first pixel electrode layer portion 1204 may be formed along
with the organic emissive layer 122 on the organic insulating
layer 121, but may be separated from it due to the first
undercut shape UC1. Likewise, the organic emissive layer
portion 1225 on the second pixel electrode layer portion
1205 may be formed along with the organic emissive layer
122 on the organic emissive layer 121, but may be separated
from it due to the second undercut shape UC2.
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[0088] The organic emissive layer portion 122a on the first
pixel electrode layer portion 1204 may exist only in the
opening OPN due to the first undercut shape UC1, and may
occupy less area than the underlying first pixel electrode
layer portion 120a. The organic emissive layer portion 1225
on the second pixel electrode layer portion 1205 may exist
only in the contact hole CNH due to the second undercut
shape UC2, and may occupy less area than the underlying
second pixel electrode layer portion 1205. The organic
emissive layer portion 1224 on the first pixel electrode layer
portion 120a may emit light, whereas the organic emissive
layer portion 12256 on the second pixel electrode layer
portion 1205 may not emit light. As a result, the first
example embodiment may have an advantage in reducing or
preventing lateral current leakage, which may occur
between neighboring subpixels. Due to the first undercut
shape UC1, the organic emissive layer 122 on the organic
insulating layer 121 and the organic emissive layer portion
122a on the first pixel electrode layer portion 120a may be
separated from each other. Also, the organic insulating layer
121 may have no pixel electrode layer portions 120a and
1205 left on it, and this may avoid or prevent a short-circuit
that may occur when the pixel electrode layer portions 120a
and 1206 and the common electrode layer 123 come into
contact with each other, even if the organic emissive layer
portion 1224 is not thin.

[0089] The common electrode layer 123 may be on the
organic emissive layer 122. The common electrode layer
123 may be defined as the cathode of the organic light-
emitting diode OLED. The common electrode layer 123 may
fully cover the organic emissive layer 122 exposed in the
display area of the display panel, e.g., to cover all subpixels.
As such, the common electrode layer 123 may extend
seamlessly in the non-light-emitting area NA and the contact
area CNA, as well as across the opening OPN defining the
light-emitting area SPA of the subpixel.

[0090] Notably, in the common electrode layer 123, the
underlying space created by the second undercut shape UC2
may be taller than the underlying space created by the first
second shape UCI1, due to the thickness of the first passi-
vation layer 118 and second passivation layer 119 that lie
under the second undercut shape UC2. Therefore, the com-
mon electrode layer 123 in the contact area CNA may cover
the second pixel electrode layer portion 1205 exposed
through the contact hole CNH and the organic emissive layer
portion 1225 on the second pixel electrode layer portion
1205, as well as the sidewalls of the first passivation layer
118 and second passivation layer 119. As a result, the
common electrode layer 123 in the contact area CNA may be
electrically connected to the second pixel electrode layer
portion 1205 at the uppermost part of the auxiliary line
AUX, without an additional process, such as laser irradia-
tion. To facilitate this function, it may be preferable that the
first passivation layer 118 exists only in the contact area
CNA. This is because, the thicker the first passivation layer
118, the wider the deposition area and contact area of the
electrode layers that may penetrate into its sidewall.

[0091] Thus, in the first example embodiment of the
present disclosure, the organic emissive layer 122 can be
short-circuited simply by increasing the thickness of the
passivation layers 118 and 119 in the contact area CNA, and
at the same time the auxiliary line AUX and the common
electrode layer 123 may be brought into contact with each
other. Due to this, when the common electrode layer 123 is
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formed, it may come into electrical contact with the second
pixel electrode layer portion 1205 at the uppermost part of
the auxiliary line AUX. Therefore, the first example embodi-
ment of the present disclosure can simplify the process as
compared to the test example. The first example embodi-
ment of the present disclosure is useful for, but is not limited
to, a structure in which an auxiliary line is added and brought
into contact with a common electrode layer to overcome the
problem of resistance increase caused by the materials of
electrode layers used especially in top-emission displays,
and also may be used to reduce the resistance of bottom-
emission displays.

Second Example Embodiment

[0092] FIG. 16 is a cross-sectional view of a portion of the
display panel according to a second example embodiment of
the present disclosure.

[0093] As shown in the FIG. 16 example, the display panel
according to the second example embodiment may include
a first substrate 110a, a transistor TFT, an organic light-
emitting diode OLED, a black matrix layer BM, a color filter
layer CF, and a second substrate 1105. The transistor TFT,
the organic light-emitting diode OLED, and the color filter
layer CF may be included in a light-emitting area SPA of a
subpixel.

[0094] Similarly to the first example embodiment, the
display panel according to the second example embodiment
can simplify the process compared to the test example
because, when the common electrode layer 123 is formed, it
may come into electrical contact with the second pixel
electrode layer portion 1205 at the uppermost part of the
auxiliary line AUX.

[0095] The display panel according to the second example
embodiment is different from that of the first example
embodiment in that it has the black matrix layer BM and the
color filter layer CF, and the third pixel electrode 120¢ is on
the organic insulating layer 121. As another example, a black
base material may be included in one or more of: the first
passivation layer 118, the second passivation layer 119, and
the organic insulating layer 121. When the display panel
according to the second example embodiment has the color
filter layer CF, the organic emissive layer 122 may be made
of a material that may emit white light. Moreover, in the
display panel according to the second example embodiment,
the third pixel electrode layer 120 is not removed, but may
be left on the organic emissive layer 121, e.g., to simplify the
manufacturing process. However, this is merely an example,
and the third pixel electrode layer portion 120¢ on the
organic emissive layer 121 may be removed, as described in
the first example embodiment.

Third Example Embodiment

[0096] FIGS. 17 to 19 illustrate examples of an array of
auxiliary lines according to a third example embodiment of
the present disclosure.

[0097] As shown in the examples of FIGS. 17A and 17B,
the auxiliary line AUX described above in the foregoing first
and second example embodiments may be arranged verti-
cally in the display area AA of the display panel 110, e.g., in
the same direction as the data lines DL1 to DLn. The
auxiliary line AUX may be disposed between every column
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of subpixels SP, as shown in FIG. 17A, or may be placed
between at least every second column of subpixels SP, as
shown in FIG. 17B.

[0098] As shown in the examples of FIGS. 18A and 18B,
the auxiliary line AUX described above in the foregoing first
and second example embodiments may be arranged hori-
zontally in the display arca AA of the display panel 110, e.g,,
in the same direction as the scan lines GL1 to GLm. The
auxiliary line AUX may be disposed between every row of
subpixels SP, as shown in FIG. 18A, or may be disposed
between at least every second row of subpixels SP as shown
in FIG. 18B.

[0099] As shown in the examples of FIGS. 19A and 19B,
the auxiliary line AUX described above in the foregoing first
and second example embodiments may be arranged verti-
cally and horizontally in the display area AA of the display
panel 110. The auxiliary line AUX may be disposed between
every column of subpixels SP and between every row of
subpixels SP as shown in FIG. 19A, or may be disposed
between at least every second column of subpixels SP and
between at least every second row of subpixels SP as shown
in FIG. 19B.

[0100] Therefore, the auxiliary line AUX may be in the
display area AA of the display panel 110, e.g., to help reduce
the resistance of the common electrode layer 123, and may
be arranged in the form of a line or in the form of a mesh.
Furthermore, the auxiliary line AUX may be on the outer
side of the display area AA of the display panel 110, as well
as on the inner side of the display area AA. The auxiliary line
on the outer side of the display area AA may be configured
to surround at least two, three, or four sides of the display
area AA.

[0101] As viewed from above, when an auxiliary line is
formed to reduce the resistance of the display panel, embodi-
ments of the present disclosure may simplify the manufac-
turing process so that the auxiliary line and the common
electrode layer may come into direct contact with each other
through a deposition process. Moreover, embodiments of the
present disclosure may improve brightness uniformity on a
large-area display panel because the resistance of the display
panel may be reduced using the common electrode layer and
the auxiliary line. Furthermore, embodiments of the present
disclosure may allow for the self-alignment of pixel elec-
trode layers based on an undercut structure, and may reduce
the number of masks used.

[0102] It will be apparent to those skilled in the art that
various modifications and variations may be made in the
present disclosure without departing from the technical idea
or scope of the disclosure. Thus, it may be intended that
embodiments of the present disclosure cover the modifica-
tions and variations of the disclosure provided they come
within the scope of the appended claims and their equiva-
lents.
What is claimed is:
1. A light-emitting display device, comprising:
a first substrate;
an interlayer insulating layer on the first substrate;
a subpixel on the substrate, the subpixel comprising:
a light-emitting area; and
a non-light-emitting area;
a contact area on the first substrate;



US 2019/0172898 A1l

a metal layer on the interlayer insulating layer on the first
substrate, the metal layer comprising a plurality of
metal layer portions, the plurality of metal layer por-
tions comprising:
first and second metal layer portions disposed sepa-

rately in the light-emitting area and in the non-light-
emitting area; and

a third metal layer portion disposed in the contact area;

a cover layer comprising a plurality of cover layer por-

tions comprising first to third cover layer portions
disposed separately and respectively corresponding to
the first to third metal layer portions;

a first passivation layer covering the third cover layer
portion in the contact area, the first passivation layer
exposing part of the third cover layer portion;

a second passivation layer covering the first cover layer
portion and the second cover layer portion, exposing
part of the second cover layer portion, covering the first
passivation layer, and exposing part of the third cover
layer portion;

a pixel electrode layer comprising a plurality of pixel
electrode layer portions comprising:

a first pixel electrode layer portion on the second cover
layer portion; and

a second pixel electrode layer portion on the third cover
layer portion;

an organic insulating layer on the second passivation
layer, the organic insulating layer comprising:
an opening exposing part of the first pixel electrode

layer; and
a contact hole exposing part of the second pixel elec-
trode layer;

an organic emissive layer on the organic insulating layer
and the first and second pixel electrode layers; and

a common electrode layer on the organic emissive layer,
the common electrode layer being electrically con-
nected to the second pixel electrode layer in the contact
area,

wherein the opening comprises a first undercut shape
including a recess of the second passivation layer into
the bottom of the organic insulating layer partially
exposing the bottom of the organic insulating layer, and

wherein the contact hole comprises a second undercut
shape including a recess of the first passivation layer
and the second passivation layer into the bottom of the
organic insulating layer partially exposing the bottom
of the organic insulating layer.

2. The light-emitting display device of claim 1, wherein
the first passivation layer and the second passivation layer
have different thicknesses.

3. The light-emitting display device of claim 1, wherein
the height of the second undercut shape is greater than the
height of the first undercut shape.

4. The light-emitting display device of claim 3, wherein,
in a space under the second undercut shape, the second pixel
electrode layer directly contacts a sidewall of at least one of
the first and second passivation layers.

5. The light-emitting display device of claim 4, wherein
the common electrode layer and the second pixel electrode
layer electrically contact each other on the sidewall of the
second passivation layer exposed in the contact area.

6. The light-emitting display device of claim 4, wherein
the common electrode layer is over all layers exposed in the
contact area.
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7. The light-emitting display device of claim 1, wherein a
first portion of the organic emissive layer on the organic
insulating layer and a second portion of the organic emissive
layer on the first pixel electrode layer are separated from
each other by the first undercut shape.

8. The light-emitting display device of claim 1, further
comprising a black base material in one or more of: the first
passivation layer, the second passivation layer, and the
organic insulating layer.

9. The light-emitting display device of claim 1, wherein:

the first pixel electrode layer portion and the common
electrode are separated from each other by the first
undercut shape; and

the second pixel electrode layer portion directly contacts
the common electrode.

10. The light-emitting display device of claim 1, further

comprising a third pixel electrode portion on the organic
insulating layer.

11. A light-emitting display device, comprising:

a first substrate;

a subpixel on the substrate;

a contact area on the first substrate;

a cover layer comprising a plurality of cover layer por-
tions comprising first to third cover layer portions, each
of the first to third cover layer portions being separated
from each other;

a first passivation layer covering the third cover layer
portion in the contact area, the first passivation layer
exposing part of the third cover layer portion;

a second passivation layer covering the first cover layer
portion and the second cover layer portion, exposing
part of the second cover layer portion, covering the first
passivation layer, and exposing part of the third cover
layer portion;

a pixel electrode layer comprising a plurality of pixel
electrode layer portions comprising:

a first pixel electrode layer portion on the second cover
layer portion; and

a second pixel electrode layer portion on the third cover
layer portion;

an organic insulating layer on the second passivation
layer, the organic insulating layer comprising;
an opening exposing part of the first pixel electrode

layer; and
a contact hole exposing part of the second pixel elec-
trode layer;

an organic emissive layer on the organic insulating layer
and the first and second pixel electrode layers; and

a common electrode layer on the organic emissive layer,
the common electrode layer being electrically con-
nected to the second pixel electrode layer in the contact
area,

wherein the opening comprises a first undercut shape
including a recess of the second passivation layer into
the bottom of the organic insulating layer partially
exposing the bottom of the organic insulating layer,

wherein the contact hole comprises a second undercut
shape including a recess of the first passivation layer
and the second passivation layer into the bottom of the
organic insulating layer partially exposing the bottom
of the organic insulating layer, and
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wherein a distance between the third cover layer portion
and the organic insulating layer is different from a
distance between the first cover layer portion and the
organic insulating layer.

12. The light-emitting display device of claim 11,
wherein, in a space under the second undercut shape, the
second pixel electrode layer directly contacts a sidewall of
at least one of the first and second passivation layers.

13. The light-emitting display device of claim 12, wherein
the common electrode layer and the second pixel electrode
layer electrically contact each other on the sidewall of the
second passivation layer exposed in the contact area.

14. The light-emitting display device of claim 12, wherein
the common electrode layer is over all layers exposed in the
contact area.

15. The light-emitting display device of claim 11, further
comprising a black base material in one or more of’ the first
passivation layer, the second passivation layer, and the
organic insulating layer.

16. A method of manufacturing a light-emitting display
device, the method comprising:

providing a first substrate;

providing a subpixel on the substrate, the providing the

subpixel comprising:
providing a light-emitting area; and
providing a non-light-emitting area;
providing a contact area on the first substrate;
providing a cover layer comprising providing a plurality
of cover layer portions comprising first to third cover
layer portions disposed separate from each other;

covering the third cover layer portion in the contact area
with a first passivation layer, the first passivation layer
exposing part of the third cover layer portion;

providing a second passivation layer covering the first
cover layer portion and the second cover layer portion,
exposing part of the second cover layer portion, cov-
ering the first passivation layer, and exposing part of the
third cover layer portion;

providing a pixel electrode layer comprising providing a

plurality of pixel electrode layer portions comprising:

providing a first pixel electrode layer portion on the
second cover layer portion; and

providing a second pixel electrode layer portion on the
third cover layer portion;
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providing an organic insulating layer on the second pas-
sivation layer, the providing the organic insulating
layer comprising:
providing an opening that exposes part of the first pixel
electrode layer; and
providing a contact hole that exposes part of the second
pixel electrode layer;
providing an organic emissive layer on the organic insu-
lating layer and the first and second pixel electrode
layers; and
providing a common electrode layer on the organic emis-
sive layer, the common electrode layer being electri-
cally connected to the second pixel electrode layer,

wherein the opening is provided with a first undercut
shape formed by recessing the second passivation layer
into the bottom of the organic insulating layer to
partially expose the bottom of the organic insulating
layer,
wherein the contact hole is provided with a second
undercut shape formed by recessing the first passiva-
tion layer and the second passivation layer into the
bottom of the organic insulating layer to partially
expose the bottom of the organic insulating layer, and

wherein the first and second pixel electrode portions are
self-aligned.

17. The method of claim 16, wherein a first portion of the
organic emissive layer on the organic insulating layer and a
second portion of the organic emissive layer on the first pixel
electrode layer are separated from each other by the first
undercut shape.

18. The method of claim 16, further comprising providing
a third pixel electrode layer portion on the organic insulating
layer simultaneously to the providing the first and second
pixel electrode layer portions, the third pixel electrode layer
portion being self-aligned.

19. The method of claim 18, further comprising removing
the third pixel electrode layer portion.

20. The method of claim 16, wherein:

the first pixel electrode layer portion and the common

electrode are separated from each other by the first
undercut shape; and

the second pixel electrode layer portion directly contacts

the common electrode.
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