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(57)  An organic light-emitting display apparatus, in-
cluding a substrate including a plurality of pixel areas and
non-pixel areas in a display area, a plurality of pixel elec-

trodes respectively corresponding to the plurality of pixel

areas, a pixel-defining layerincluding a cover portion and
openings, wherein the cover portion covers an edge of
each of the plurality of pixel electrodes, and each of the
openings exposes a central portion of a pixel electrode
among the plurality of pixel electrodes, an auxiliary elec-

trode located such that the auxiliary electrode corre-

sponds to at least a portion of a top surface of the cover
portion, and an intermediate layer and a counter elec-

trode, each located in the openings. The pixel-defining

layer may have an under-cut structure in which the at
least a portion of the top surface of the cover portion is
recessed from the auxiliary electrode.
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FIG. 4

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 518 288 A1 2

Description
BACKGROUND

1. Field

[0001] One or more embodiments relate to a method
of manufacturing an organic light-emitting display appa-
ratus.

2. Description of the Related Art

[0002] Organic light-emitting display apparatuses
have attracted attention as next-generation display ap-
paratuses due to advantages such as a wide viewing
angle, a high contrast ratio, and a fast response time. In
addition, organic light-emitting display apparatuses do
not require a separate light source, and may operate at
a low voltage and have a lightweight and thin design.
[0003] An organic light-emitting display apparatus in-
cludes an organic light-emitting device (OLED) on a dis-
play area, and the OLED includes a pixel electrode and
a counter electrode that face each other, and an inter-
mediate layer located between the pixel electrode and
the counter electrode and including an emission layer.

SUMMARY

[0004] Embodiments are directed to an organic light-
emitting display apparatus, including a substrate includ-
ing a plurality of pixel areas and non-pixel areas in a
display area, a plurality of pixel electrodes respectively
corresponding to the plurality of pixel areas, a pixel-de-
fining layer including a cover portion and openings,
wherein the cover portion covers an edge of each of the
plurality of pixel electrodes, and each of the openings
exposes a central portion of a pixel electrode among the
plurality of pixel electrodes, an auxiliary electrode located
such that the auxiliary electrode corresponds to at least
a portion of a top surface of the cover portion, and an
intermediate layer and a counter electrode, each located
in the openings. The pixel-defining layer may have an
under-cut structure in which the at least a portion of the
top surface of the cover portion is recessed from the aux-
iliary electrode.

[0005] Theintermediate layer may include an emission
layer, alower functional layer located under the emission
layer, and an upper functional layer located over the
emission layer. Atleast a portion of the intermediate layer
may be located over the auxiliary electrode. At least a
portion of the lower functional layer located over the aux-
iliary electrode may be spaced apart from a portion of
the lower functional layer located inside the openings.
[0006] The lower functional layer may include at least
one of a hole injection layer and a hole transport layer.
[0007] The intermediate layer may include an organic
emission layer, a lower functional layer located under the
organic emission layer, and an upper functional layer lo-
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cated over the organic emission layer. A thickness of the
auxiliary electrode may be greater than a thickness of
the lower functional layer.

[0008] The auxiliary electrode may have a mesh form
with through-holes corresponding to the openings of the
pixel-defining layer.

[0009] A width of the counter electrode may be greater
than a width of the intermediate layer.

[0010] Anend portion of the counter electrode may ex-
tend toward and contact the auxiliary electrode.

[0011] The auxiliary electrode may include at leastone
of molybdenum (Mo) and titanium (Ti), and the counter
electrode may include Yb/Ag:Mg/ITO.

[0012] A plurality of thin-film transistors (TFTs) electri-
cally connected to the plurality of pixel electrodes may
be on the substrate.

[0013] The organic light-emitting display apparatus
may further include a thin-film encapsulation layer locat-
ed on the display area. The thin-film encapsulation layer
may include at least one inorganic film and at least one
organic film.

[0014] Embodiments are also directed to a method of
manufacturing an organic light-emitting display appara-
tus, including providing a substrate on which a plurality
of pixel electrodes are formed, and forming a pixel-de-
fining layer including a cover portion and openings. The
cover portion may cover an edge of an adjacent pixel
electrode from among the plurality of pixel electrodes.
The openings may respectively expose a central portion
of each of the plurality of pixel electrodes. The method
further includes forming an auxiliary electrode such that
the auxiliary electrode corresponds to at least a portion
of a top surface of the cover portion, forming, by etching
a side surface of the cover portion, an under-cut structure
in which the at least a portion of the top surface of the
cover portion is recessed from the auxiliary electrode,
and forming a first masking layer such that a first pixel
electrode from among the plurality of pixel electrodes is
exposed, and then forming, on the first pixel electrode,
a first intermediate layer and a first counter electrode.
[0015] Forming the auxiliary electrode and forming the
under-cut structure may be performed using a same pho-
toresist pattern.

[0016] The pixel-defining layer may include an organic
material. Etching the side surface of the cover portion
may be performed by dry etching using an oxygen plas-
ma.

[0017] The pixel-defining layer may include an inor-
ganic material. Etching the side surface of the cover por-
tion may be performed by dry etching using a SFg gas.
[0018] The first intermediate layer includes an emis-
sion layer, a lower functional layer located under the
emission layer, and an upper functional layer located
over the emission layer. A thickness of the auxiliary elec-
trode may be greater than a thickness of the lower func-
tional layer.

[0019] The first intermediate layer may include an
emission layer, a lower functional layer located under the
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emission layer, and an upper functional layer located
over the emission layer. At least a portion of the first in-
termediate layer may be located over the auxiliary elec-
trode. At least a portion of the lower functional layer lo-
cated over the auxiliary electrode may be spaced apart
from a portion of the lower functional layer located inside
the openings.

[0020] The lower functional layer may include at least
one of a hole injection layer and a hole transport layer.
[0021] Anend portion of the first counter electrode may
extend toward and contact the auxiliary electrode.
[0022] The method may further include removing the
first masking layer by a lift-off process, forming a second
masking layer such that a second pixel electrode from
among the plurality of pixel electrodes is exposed, form-
ing, on the second pixel electrode, a second intermediate
layer and a second counter electrode, removing the sec-
ond masking layer by a lift-off process, forming a third
masking layer such that a third pixel electrode from
among the plurality of pixel electrodes is exposed, and
forming, on the third pixel electrode, a third intermediate
layer and a third counter electrode.

[0023] The substrate may include a plurality of thin-film
transistors (TFTs) electrically connected to the plurality
of pixel electrodes.

[0024] According to an aspect of the invention, there
is provided an organic light-emitting display apparatus
as set out in claim 1. Preferred features of this aspect
are set out in claims 2 to 8. According to an aspect of the
invention, there is provided a method as set out in claim
9. Preferred features of this aspect are set out in claims
10 to 15.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Features will become apparent to those of skill
in the art by describing in detail exemplary embodiments
with reference to the attached drawings in which:

FIG. 1illustrates a plan view of an organic light-emit-
ting display apparatus according to an embodiment;
FIGS. 2A and 2B illustrate equivalent circuit dia-
grams of a pixel, according to embodiments;

FIG. 3illustrates a cross-sectional view of an organic
light-emitting display apparatus according to an em-
bodiment;

FIG. 4 illustrates an enlarged cross-sectional view
illustrating portion | of FIG. 3;

FIG. 5 illustrates a plan view of the organic light-
emitting display apparatus of FIG. 3 as seen from a
direction Z;

FIG. 6 illustrates a modification of FIG. 5;

FIGS. 7A and 7B illustrate cross-sectional views of
a circuit device layer of a display apparatus, accord-
ing to embodiments;

FIGS. 8 through 17 illustrate cross-sectional views
for explaining stages of a method of manufacturing
the organic light-emitting display apparatus of FIG.
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3, according to an embodiment; and

FIG. 18 illustrates a cross-sectional view of an or-
ganic light-emitting display apparatus according to
another embodiment.

DETAILED DESCRIPTION

[0026] Example embodiments will now be described
more fully hereinafter with reference to the accompany-
ing drawings; however, they may be embodied in differ-
ent forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodi-
ments are provided so that this disclosure will be thor-
ough and complete, and will fully convey exemplary im-
plementations to those skilled in the art.

[0027] Inthe drawing figures, the dimensions of layers
and regions may be exaggerated for clarity of illustration.
It will also be understood that when a layer or element is
referred to as being "on" another layer or substrate, it
can be directly on the other layer or substrate, or inter-
vening layers may also be present. Further, it will be un-
derstood that when a layer is referred to as being "under"
another layer, it can be directly under, and one or more
intervening layers may also be present. In addition, it will
also be understood that when a layer is referred to as
being "between" two layers, it can be the only layer be-
tween the two layers, or one or more intervening layers
may also be present. Like reference numerals refer to
like elements throughout.

[0028] FIG. 1 illustrates a plan view of an organic light-
emitting display apparatus 1 according to an embodi-
ment.

[0029] Referring to FIG. 1, the organic light-emitting
display apparatus 1 may include a display area DA and
a peripheral area PA that is a non-display area. The dis-
play area DA, on which pixels P eachincluding an organic
light-emitting device (OLED) are located, provides a pre-
determined image. The peripheral area PA, which does
not provide an image, may include a scan driver and a
data driver for applying electrical signals to the pixels P
of the display area DA and power supply lines for sup-
plying power such as a driving voltage and a common
voltage.

[0030] FIGS. 2A and 2B illustrate equivalent circuit di-
agrams of each pixel P according to embodiments.
[0031] Referring to FIG. 2A, each pixel P includes a
pixel circuit PC connected to a scan line SL and a data
line DL and an OLED connected to the pixel circuit PC.
[0032] The pixel circuit PC may include a driving thin-
film transistor (TFT) T1, a switching TFT T2, and a stor-
age capacitor Cst. The switching TFT T2 may be con-
nected to the scan line SL and the data line DL. The
switching TFT T2 may apply a data signal Dm, input
through the data line DL according to a scan signal Sn
input through the scan line SL, to the driving TFT T1.
[0033] The storage capacitor Cst may be connected
to the switching TFT T2 and a driving voltage line PL.
The storage capacitor Cst may store a voltage corre-
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sponding to a difference between a voltage received from
the switching TFT T2 and a driving voltage ELVDD sup-
plied to the driving voltage line PL.

[0034] The driving TFT T1 may be connected to the
driving voltage line PL and the storage capacitor Cst. The
driving TFT T1 may control a driving current flowing
through the OLED from the driving voltage line PL in ac-
cordance with a value of the voltage stored in the storage
capacitor Cst. The organic light-emitting display appara-
tus may emit light having a predetermined luminance us-
ing the driving current.

[0035] The pixel P illustrated in FIG. 2A includes two
TFTs and one storage capacitor Cst. In some implemen-
tation, the pixel P may include a differentnumber of TFTs.
[0036] Referring to FIG. 2B, the pixel circuit PC may
include the driving and switching TFTs T1 and T2, acom-
pensation TFT T3, afirstinitialization TFT T4, a first emis-
sion control TFT T5, a second emission control TFT T6,
and a second initialization TFT T7.

[0037] Adrainelectrode ofthedriving TFT T1 may pass
through the second emission control TFT T6 to be elec-
trically connected to the OLED. The driving TFT T1 may
receive the data signal Dm according to a switching op-
eration of the switching TFT T2 and may supply driving
current to the OLED.

[0038] A gate electrode of the switching TFT T2 may
be connected to the scan line SL. A source electrode of
the switching TFT T2 may be connected to the data line
DL. A drain electrode of the switching TFT T2 may be
connected to a source electrode of the driving TFT T1
and may pass through the first emission control TFT T5
and to be connected to the driving voltage line PL.
[0039] The switching TFT T2 may be turned on accord-
ing to the scan signal Sn (referred to as first scan signal)
received through the scan line SL. The switching TFT T2
may perform a switching operation of applying the data
signal Dm transmitted through the data line DL to the
source electrode of the driving TFT T1.

[0040] A gate electrode of the compensation TFT T3
may be connected to a first scan line SLn. A source elec-
trode of the compensation TFT T3 may be connected to
the drain electrode of the driving TFT T1, and may pass
through the second emission control TFT T6 to be con-
nected to a pixel electrode of the OLED. A drain electrode
of the compensation TFT T3 may be connected to any
one electrode of the storage capacitor Cst, a source elec-
trode of the firstinitialization TFT T4, and a gate electrode
of the driving TFT T1. The compensation TFT T3 may
be turned on according to the first scan signal Snreceived
through the scan line SL. The first TFT T3 may perform
diode-connection on the driving TFT T1 by connecting
the gate electrode and the drain electrode of the driving
TFT T1.

[0041] A gate electrode of the first initialization TFT T4
may be connected to a second scan line SLn-1. A drain
electrode of the first initialization TFT T4 may be con-
nected to an initialization voltage line VL. The source
electrode of the first initialization TFT T4 may be con-
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nected to any one electrode of the storage capacitor Cst,
the drain electrode of the compensation TFT T3, and the
gate electrode of the driving TFT T1. The firstinitialization
TFT T4 may be turned on according to a second scan
signal Sn-1 received through the second scan line SLn-
1. The first initialization TFT T4 may perform an initiali-
zation operation of applying an initialization voltage VINT
to the gate electrode of the driving TFT T1 to initialize a
voltage of the gate electrode of the driving TFT T1.
[0042] A gate electrode of the first emission control
TFT T5 may be connected to an emission control line
EL. A source electrode of the first emission control TFT
T5 may be connected to the driving voltage line PL. A
drain electrode of the first emission control TFT T5 may
be connected to the source electrode of the driving TFT
T1 and the drain electrode of the switching TFT T2.
[0043] A gateelectrode of the second emission control
TFT T6 may be connected to the emission control line
EL. A source electrode of the second emission control
TFT T6 may be connected to the drain electrode of the
driving TFT T1 and the source electrode of the compen-
sation TFT T3. A drain electrode of the second emission
control TFT T6 may be electrically connected to the pixel
electrode of the OLED. The first emission control TFT T5
and the second emission control TFT T6 may be simul-
taneously turned on according to an emission control sig-
nal En received through the emission control line EL.
Thus, the driving voltage ELVDD may be applied to the
OLED and driving current may flow through the OLED.
[0044] A gate electrode of the second initialization TFT
T7 may be connected to a third scan line SLn+i. A source
electrode of the second initialization TFT T7 may be con-
nected to the pixel electrode of the OLED. A drain elec-
trode of the second initialization TFT T7 may be connect-
ed to the initialization voltage line VL. The second initial-
ization TFT T7 may be turned on according to a third
scan signal Sn+i received through the third scan line
SLn+i. The second initialization TFT T7 may initialize the
pixel electrode of the OLED.

[0045] Another electrode of the storage capacitor Cst
may be connected to the driving voltage line PL. Any one
electrode of the storage capacitor Cst may be connected
to the gate electrode of the driving TFT T1, the drain
electrode of the compensation TFT T3, and the source
electrode of the first initialization TFT T4.

[0046] A counter electrode of the OLED may receive
acommon power supply voltage ELVSS. The OLED may
receive the driving current from the driving TFT T1 to emit
light.

[0047] In some implementations, the number of TFTs
and storage capacitors and the circuit design may be
varied.

[0048] FIG. 3illustrates a cross-sectional view of a dis-
play apparatus according to an embodiment. FIG. 4 il-
lustrates an enlarged cross-sectional view of a portion |
of FIG. 3.

[0049] Referring to FIG. 3, the display area DA may
include first through third pixel areas PA1, PA2, and PA3
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on which pixels, for example, first through third pixels P1,
P2,and P3, are located. The display area D1 may include
a non-pixel area NPA between adjacent pixel areas. The
term 'pixel area’ used herein refers to an area where light
is actually emitted, that is, a light-emitting area.

[0050] Thefirstthrough third pixels P1,P2,and P3 may
emit light of different colors. For example, the first pixel
P1may emitredlight, the second pixel P2 may emitgreen
light, and the third pixel P3 may emit green light. In some
implementations, the display area DA may furtherinclude
a fourth pixel that emits white light.

[0051] A substrate 100 may include a suitable material
such as a glass material, or a plastic material (e.g., pol-
yethylene terephthalate (PET), polyethylene naphthalate
(PEN), or polyimide). Flexibility when the substrate 100
is formed of a plastic material may be greater than flex-
ibility when the substrate 100 is formed of a glass mate-
rial.

[0052] A circuit device layer 110 including the pixel cir-
cuit PC may be provided on the substrate 100. The pixel
circuit PC may include a TFT and a storage capacitor as
described with reference to FIGS. 2A and 2B. Layers
such as, for example, a semiconductor layer and elec-
trode layers of the TFT and the storage capacitor, may
be located with an insulating layer therebetween. The
pixel circuit PC may located with respect to each of the
first through third pixels P1, P2, and P3.

[0053] Thefirstthrough third pixels P1, P2, and P3 may
respectively include first through third OLEDs OLED1,
OLED2, and OLED3 electrically connected to the pixel
circuits PC. Each of the first through third OLEDs OLED1,
OLED2, and OLED3 may include a pixel electrode, an
intermediate layer including an emission layer, and a
counter electrode.

[0054] OLED1 may include a first pixel electrode 211,
afirstintermediate layer 221, and a first counter electrode
231. T OLED2 may include a second pixel electrode 212,
a second intermediate layer 222, and a second counter
electrode 232. OLED3 may include a third pixel electrode
213, a third intermediate layer 223, and a third counter
electrode 233.

[0055] An end portion of each of the first through third
pixel electrodes 211, 212, and 213 may be covered by a
pixel-defining layer 120. A central portion of each of the
first through third pixel electrodes 211, 212, and 213 may
be exposed through an opening OP1 and may contact
each of the first through third intermediate layers 221,
222, and 223 through the opening OP1.

[0056] For example, the pixel-defining layer 120 may
include a cover portion 120c that covers the end portion
of each of the first through third pixel electrodes 211,212,
and 213 and the opening OP1 through which the central
portion of each of the first through third pixel electrodes
211, 212, and 213 is exposed.

[0057] Each of the first through third intermediate lay-
ers 221, 222, and 223 including the emission layer may
be located on a portion of each of the first through third
pixel electrodes 211, 212, and 213 exposed by the pixel-
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defining layer 120. The first through third counter elec-
trodes 231, 232, and 233 may be respectively located on
the first through third intermediate layers 221, 222, and
223. Light may be emitted from the intermediate layer
between the pixel electrode and the counter electrode.
Accordingly, each pixel area is defined by the pixel-de-
fining layer 120.

[0058] The pixel-defining layer 120 may include an or-
ganic material or an inorganic material. When the pixel-
defining layer 120 includes an organic material, the pixel-
defining layer 120 may include at least one organic insu-
lating material selected from polyimide, polyamide, acryl-
ic resin, benzocyclobutene, and phenolic resin. When
the pixel-defining layer 120 includes an inorganic mate-
rial, the pixel-defining layer 120 may have a single-layer
structure or a multi-layer structure including silicon oxide
(SiOx), silicon nitride (SiNx), and/or silicon oxynitride
(SIiON).

[0059] The auxiliary electrode 130 may be located on
the cover portion 120c of the pixel-defining layer 120. For
example, the pixel electrode 130 may be located to cor-
respond to the non-pixel area NPA between adjacent pix-
el areas of the first through third pixel areas PA1, PA2,
and PA3. The auxiliary electrode 130 may be connected
to a common power supply line and may apply the com-
mon power supply voltage ELVSS to each of the first
through third pixels P1, P2, and P3.

[0060] The auxiliary electrode 130 may include a con-
ductive material, for example, a metal or a transparent
conductive oxide (TCO). The auxiliary electrode 130 may
have a single-layer structure or a multi-layer structure.
In some implementations, the auxiliary electrode 130
may include a metal such as molybdenum (Mo) or tita-
nium (Ti).

[0061] The pixel-defining layer 120 may have an un-
der-cut structure in which an upper portion of the pixel-
defining layer 120 on which the auxiliary electrode 130
is located is recessed from the auxiliary electrode 130.
For example, the pixel-defining layer 120 may include
the under-cut structure in which at least a part of a top
surface of the cover portion 120C of the pixel-defining
layer 120 is recessed from the auxiliary electrode 130.
The under-cut structure may be used to minimize defects
of the first through third OLEDs OLED1, OLED2, and
OLED3, as will be described below.

[0062] The firstthrough third pixel electrodes 211,212,
and 213 may have island shapes respectively corre-
sponding to the first through third pixel areas PA1, PA2,
and PA3. The first through third pixel electrodes may lo-
cated on the circuit device layer 110 so as to be spaced
apart from one another.

[0063] Each of the first through third pixel electrodes
211, 212, and 213 may be a reflective electrode or a
transmissive electrode.

[0064] When each of the first through third pixel elec-
trodes 211, 212, and 213 is a reflective electrode, each
of the first through third pixel electrodes 211, 212, and
213 may include a reflective film formed of silver (Ag),
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magnesium (Mg), aluminum (Al), platinum (Pt), palladi-
um (Pd), gold (Au), nickel (Ni), neodymium (Nd), iridium
(Ir), chromium (Cr), or a compound thereof. In some im-
plementations, each of the first through third pixel elec-
trodes 211, 212, and 213 may include a reflective film,
and a TCO film located over or/and under the reflective
film. In an embodiment, each of the first through third
pixel electrodes 211, 212, and 213 may have a three-
layer structure formed of ITO/Ag/ITO.

[0065] When each of the first through third pixel elec-
trodes 211, 212, and 213 is a transmissive electrode,
each of the first through third pixel electrodes 211, 212,
and 213 may be a TCO layer. In some implementations,
each of the first through third pixel electrodes 211, 212,
and 213 may be in a form of a metal thin film including
silver (Ag) or an Ag alloy, or may have a multi-layer struc-
ture including a metal thin film and a TCO layer formed
on the metal thin film.

[0066] The first through third intermediate layers 221,
222, and 223 may have island shapes located to respec-
tively correspond to the first through third pixel areas PA1,
PA2, and PA3. The first through third intermediate layers
221,222, and 223 may be spaced apart from one anoth-
er. The first through third intermediate layers 221, 222,
and 223 may be respectively located on the first through
third pixel electrodes 211,212, and 213 exposed through
the openings OP1 of the pixel-defining layer 120. At least
a part of each of the first through third intermediate layers
221, 222, and 223 may extend along a side surface of
the opening OP1 of the pixel-defining layer 120 and ex-
tend over the auxiliary electrode 130.

[0067] Referringto FIGS. 3 and 4, the firstintermediate
layer 221 may include an emission layer 221b. The emis-
sion layer 221b may be an organic emission layer that
emits, for example, red light. The first intermediate layer
221 may further include a lower functional layer 221a
located under the emission layer 221b and/or an upper
functional layer 221c located over the emission layer
221b. The lower functional layer 221a may include a hole
injection layer (HIL) and/or a hole transport layer (HTL).
The upper functional layer 221¢ may include an electron
transport layer (ETL) and/or an electron injection layer
(EIL). The lower functional layer 221a and/or the upper
functional layer 221c may help the emission layer 221b
to efficiently emit light by matching an energy level of the
emission layer 221b to the first pixel electrode 211 or the
first counter electrode 231.

[0068] Each emission layer may be formed of suitable
light-emitting materials. For example, each emission lay-
er may be formed to include a host and a dopant. The
dopant may be afluorescent dopant or a phosphorescent
dopant.

[0069] For example, the host may be Alq3C 4,4’-N,N’-
dicarbazole-biphenyl (CBP), 9,10-di(naphthalene-2-
yl)anthracene (ADN), or distyrylarylene (DSA).

[0070] AnHIL material may be, for example, a phthalo-
cyanine compound such as copper phthalocyanine,
4.4’ 4"-tris(3-methylphenylphenylamino) (m-MTDATA),
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N,N’-di(1-naphthyl)-N,N’-diphenylbenzidine (NPB),
TDATA, 2-TNATA, polyaniline/dodecylbenzenesulfonic
acid (Pani/DBSA), poly(3,4-ethylenedioxythi-
ophene)/poly(4-styrenesulfonate) (PEDOT/PSS), poly-
aniline/camphorsulfonic acid (Pani/CSA), or poly-
aniline/poly(4-styrenesulfonate) (PANI/PSS).

[0071] An HTL material may be, for example, a carba-
zole derivative such as N-phenylcarbazole or polyvinyl
carbazole, an amine derivative having a fused aromatic
ring such as, NPB, N,N’-bis(3-methylphenyl)-N,N’-diphe-
nyl-[1,1-biphenyl]-4,4’-diamine (TPD) or N,N’-di(naph-
thalene-1-yl)-N,N’-diphenyl benzidine (a-NPD), or
4,4’ 4"-tris(N-carbazolyl)triphenylamine (TCTA). From
among these, for example, TCTA may prevent the diffu-
sion of excitons from the emission layer, in addition to
performing a hole transport function.

[0072] An ETL material may be, for example, a quino-
line derivative such as tris(8-quinolinolate)aluminum
(Alg3), TAZ, or Balg.

[0073] AnEIL material may be, forexample LiF, NaCIC
CsF, LiyO, or BaO.

[0074] Each of the lower functional layer 221a and the
upper functional layer 221¢c may have a single-layer
structure or a multi-layer structure. In some implementa-
tions, the lower functional layer 221a and/or the upper
functional layer 221c may be omitted.

[0075] The lower functional layer 221a, the emission
layer 221b, and the upper functional layer 221c on the
auxiliary electrode 130 may have a forward taper shape
such that a side surface of each of the lower functional
layer 221a, the emission layer 221b, and the upper func-
tional layer 221¢ has a predetermined angle as shown
in FIG. 4. In some implementations, the upper functional
layer 221¢c may extend downwardly along a side surface
of the emission layer 221b or a side surface of the lower
functional layer 221a. In some implementations, the
emission layer 221b may be deposited to extend down-
wardly along a side surface of the lower functional layer
221a.

[0076] As described above, the pixel-defining layer
120 may have the under-cut structure in which an upper
portion of the pixel-defining layer 120 on which the aux-
iliary electrode 130 is located is recessed from the aux-
iliary electrode 130. Due to the under-cut structure, the
lower functional layer 221a located under the emission
layer 221b and the emission layer 221b may eachinclude
a portion located over the auxiliary electrode 130 and a
portion located inside the opening OP1.

[0077] If the auxiliary electrode 130 and the pixel-de-
fining layer 120 were to not have the under-cut structure,
the lower functional layer 221a could continuously extend
from the inside of the opening OP1 to the top of the aux-
iliary electrode 130. In this case, the first counter elec-
trode 231 could be connected to the lower functional layer
221a, and electrons injected through the first counter
electrode 231 could flow into the first pixel electrode 211
through the lower functional layer 221a, thereby leading
to undesirable lateral leakage.
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[0078] However, inthe present embodiment, the pixel-
defining layer 120 has the under-cut structure in which
the pixel-defining layer 120 is recessed from the auxiliary
electrode 130. Accordingly, the portion of the lower func-
tional layer 221a located over the auxiliary electrode 130
and the portion of the lower functional layer 221a located
inside the opening OP1 may be spaced apart from each
other, thereby helping to prevent lateral leakage.
[0079] Inthe presentembodiment, a thickness t; of the
auxiliary electrode 130 may be greater than a thickness
t, of the lower functional layer 221a. When the thickness
ty of the auxiliary electrode 130 is greater than the thick-
ness t, of the lower functional layer 221a, the portion of
the lower functional layer 221a located over the auxiliary
electrode 130 and the portion of the lower functional layer
221a located inside the opening OP1 may not connect
to each other during deposition.

[0080] In the present embodiment, a distance d of the
cover portion 120c of the pixel-defining layer 120 that is
concaved inwardly from an end portion of the auxiliary
electrode 130 may be greater than the thickness t, of the
lower functional layer 221a. Accordingly, the portion of
the lower functional layer 221a located over the auxiliary
electrode 130 and the portion of the lower functional layer
221a located inside the opening OP1 may not connect
to each other during deposition.

[0081] In the present embodiment, at least a part of
the emission layer 221b and/or the upper functional layer
221c may also be formed such that a portion located over
the auxiliary electrode 130 and a portion located inside
the opening OP1 are spaced apart from each other. Suit-
able modifications may be made according to a thickness
of the auxiliary electrode 130 and a distance of the cover
portion 120c that is concaved inwardly from an end por-
tion of the auxiliary electrode 130.

[0082] Referring back to FIG. 3, the second interme-
diate layer 222 may include an organic emission layer
that emits green light. The third intermediate layer 223
may include an organic emission layer that i that emits
blue light. Each of the second intermediate layer 222 and
the third intermediate layer 223 may further include a
lower functional layer located under the emission layer
and/or an upper functional layer located over the emis-
sion layer. The lower functional layer may be an HIL
and/or an HTL, and the upper functional layer may be an
ETL and/or an EIL. In each of the second intermediate
layer 222 and the third intermediate layer 223, a portion
of the lower functional layer located over the auxiliary
electrode 130 and a portion of the lower functional layer
located inside the opening OP1 may be spaced apart
from each other, and a thickness of the auxiliary electrode
130 may be greater than a thickness of the lower func-
tional layer.

[0083] Thicknesses of the first through third interme-
diate layers 221, 222, and 223 may be different from one
another. The first through third intermediate layers 221,
222, and 223 are independently/individually patterned in
a subsequent process. Accordingly, materials and thick-
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nesses of functional layers of the first through third inter-
mediate layers 221, 222, and 223 may be different from
one another.

[0084] The first through third counter electrodes 231,
232, and 233 may have island shapes to respectively
correspond to the first through third pixel areas PA1, PA2,
and PA3, and may be spaced apart from one another.
The first through third counter electrodes 231, 232, and
233 may be respectively located on the first through third
intermediate layers 221, 222, and 223.

[0085] Widths W21, W22, and W23 of the first through
third counter electrodes 231, 232, and 233 may be great-
er than widths W11, W12, and W13 of the first through
third intermediate layers 221, 222, and 223. End portions
of the first through third counter electrodes 231, 232, and
233 may extend farther toward the auxiliary electrode
130 than the first through third intermediate layers 221,
222, and 223 and may contact the auxiliary electrode 130.
[0086] Eachofthe firstthrough third counter electrodes
231, 232, and 233 may be a transmissive electrode or a
reflective electrode. Each of the first through third counter
electrodes 231, 232, and 233 may include at least one
of silver (Ag), magnesium (Mg), aluminum (Al), ytterbium
(Yb), calcium (Ca), lithium (Li), and gold (Au). For exam-
ple, each of the first through third counter electrodes 231,
232, and 233 may have a single or multi-layer structure
including at least one from among Ag, Mg, Al, Yb, Ca,
LiF/Ca, LiF/Al, Al, and Au. In some embodiments, each
of the first through third counter electrodes 231, 232, and
233 may include a TCO film. In an implementation, each
of the first through third counter electrodes 231, 232, and
233 may include a metal thin film including Ag and Mg.
The amount of Ag contained in each of the first through
third counter electrodes 231, 232, and 233 may be great-
er than the amount of Mg. In another implementation,
each of the first through third counter electrodes 231,
232, and 233 may have a multi-layer structure formed of
Yb/Ag:Mg/ITO.

[0087] Eachofthe firstthrough third counter electrodes
231, 232, and 233 including any of the above materials
may be a transmissive electrode with a small thickness
or may be a reflective electrode with a large thickness.
For example, each of the first through third counter elec-
trodes 231, 232, and 233 may be a transmissive elec-
trode obtained by forming a metal including Ag and Mg
to a thickness ranging from about 10 A to about 15 A, or
may be areflective electrode obtained by forming a metal
to a thickness equal to or greater than about 50 nm.
[0088] The first through third counter electrodes 231,
232, and 233 may be covered by a passivation layer that
prevents damage to the first through third counter elec-
trodes 231, 232, and 233 and layers located under the
first through third counter electrodes 231, 232, and 233
during a manufacturing process. The passivation layer
may include an inorganic insulating material such as Si-
Ox, SiNx, and/or SiON, and may have a single or multi-
layer structure.

[0089] The first through third counter electrodes 231,
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232, and 233 having island shapes and spaced apart
from one another may be electrically connected to one
another through the auxiliary electrode 130, and may be
connected to the common power supply line and may
receive the common power supply voltage ELVSS.
[0090] FIG.5illustrates a plan view of the organic light-
emitting display apparatus of FIG. 3 seen in a direction
Z. FIG. 6 illustrates a modification of FIG. 5. For conven-
ience of explanation, only the pixel-defining layer 120,
the auxiliary electrode 130, and the first through third
counter electrodes 231, 232, and 233 from among ele-
ments of the organic light-emitting display apparatus of
FIG. 3 are shown in FIGS. 5 and 6.

[0091] Referring to FIG. 5, in some embodiments, the
auxiliary electrode 130 may have a through-hole h4 cor-
responding to the opening OP1 of the pixel-defining layer
120. The auxiliary electrode may be located to cover the
cover portion 120c of the pixel-defining layer 120. For
example, the auxiliary electrode 130 may have a mesh
shape with a plurality of the through-holes h,.

[0092] The auxiliary electrode 130 may be located on
the pixel-defining layer 120 of the non-pixel area NPA
and may partially overlap and directly contact the first
through third counter electrodes 231, 232, and 233 re-
spectively located on the first through third pixel areas
PA1, PA2, and PA3.

[0093] Referring to FIG. 6, in an embodiment, the aux-
iliary electrode 130 may have a stripe shape on the non-
pixel area NPA. A plurality of the auxiliary electrodes 130
each having a stripe shape may be located on the pixel-
defining layer 120 of the non-pixel area NPA. The auxil-
iary electrodes 130 may partially overlap and directly con-
tact the first through third counter electrodes 231, 232,
and 233 respectively located on the first through third
pixel areas PA1, PA2, and PA3.

[0094] The auxiliary electrode 130 may be located on
the pixel-defining layer 120 of the non-pixel area NPA
and may partially overlap and directly contact the first
through third counter electrodes 231, 232, and 233. In
some implementations, the auxiliary electrode 130 may
be patterned into a suitable shape other than a mesh
shape or a stripe shape of FIG. 5 or 6.

[0095] FIGS. 7A and 7B illustrate cross-sectional
views of the circuit device layer 110 of an organic light-
emitting display apparatus according to embodiments.
[0096] Referring to FIG. 7A, the driving TFT T1 may
include a driving semiconductor layer A1, a driving gate
electrode G1, adriving source electrode S1,and adriving
drain electrode D1. The switching TFT T2 may include a
switching semiconductor layer A2, a switching gate elec-
trode G2, a switching source electrode S2, and a switch-
ing drain electrode D2. The storage capacitor Cst may
include first and second storage capacitor plates CE1
and CE2.

[0097] A gate insulating layer 103 may be located be-
tween the driving and switching semiconductor layers A1
and A2 and the driving and switching gate electrodes G1
and G2. A dielectric layer 105 may be located between
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the first and second storage capacitor plates CE1 and
CE2. An interlayer insulating layer 107 may be located
between the driving and switching gate electrodes G1
and G2 and the driving and switching source/drain elec-
trodes S1, D1, S2, and D2. A planarization insulating
layer 109 may be located on the driving and switching
source/drain electrodes S1, D1, S2, and D2.

[0098] The gate insulating layer 103 may have a single
layer structure or a multi-layer structure and may include
an inorganic material such as SiNx and/or silicon oxide
(SiOx). Each of the dielectric layer 105 and the interlayer
insulating layer 107 may include an inorganic material
such as SiOx and/or Al,O,. The planarization insulating
layer 109 may include, for example, an organic material
including a general-purpose polymer such as polymeth-
ylmethacrylate (PMMA) or polystyrene (PS), a polymeric
derivative having a phenol-based group, an acryl-based
polymer, an imide-based polymer, an arylether-based
polymer, an amide-based polymer, a fluorine-based pol-
ymer, a p-xylene-based polymer, a vinyl alcohol-based
polymer, and/or a blend thereof.

[0099] Insomeimplementations, the storage capacitor
Cst and the driving and switching TFTs T1 and T2 may
overlap each other and the driving gate electrode G1 may
be the first storage capacitor plate CE1 in FIG. 7A
[0100] Referringto FIG. 7B, in some implementations,
the storage capacitor Cst may not overlap the driving
TFT T1. For example, the first storage capacitor plate
CE1 and the driving gate electrode G1 may include the
same material. The second storage capacitor plate CE2
and the driving source and drain electrodes S1 and D1
may include the same material. The interlayer insulating
layer 107 may be located between the first and second
storage capacitor plates CE1 and CE2,

[0101] Insomeimplementations, as described with ref-
erence to FIGS. 7A and 7B, the driving and switching
gate electrodes G1 and G2 of the driving and switching
TFTs T1 and T2 may be respectively located over the
driving and switching semiconductor layers A1 and A2.
In some implementations, the driving and switching gate
electrodes G1 and G2 may be respectively located under
the driving and switching semiconductor layers A1 and
A2. According to positions of the driving and switching
gate electrodes G1 and G2, the driving and switching
semiconductor layers A1 and A2 may be located directly
over the inorganic buffer layer 101 in some embodiments,
and the driving and switching gate electrodes G1 and G2
may be located directly over the inorganic buffer layer
101 in some embodiments.

[0102] FIGS. 8 through 17 illustrate cross-sectional
views of stages of a process of manufacturing the organic
light-emitting display apparatus according to an embod-
iment.

[0103] Referring to FIG. 8, the circuit device layer 110
including the pixel circuits PC may be formed on the sub-
strate 100, and the first through third pixel electrodes
211, 212, and 213 may be formed on the circuit device
layer 110. The first through third pixel electrodes 211,
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212, and 213 may be formed to respectively correspond
to the first through third pixel areas PA1, PA2, and PA3.
For example, the first through third pixel electrodes 211,
212, and 213 may be formed by forming a preliminary
pixel electrode layer on the circuit device layer 100 and
then patterning the preliminary pixel electrode layer. A
material of the substrate 100 and materials of the first
through third pixel electrodes 211, 212, and 213 have
been described with reference to FIG. 3, and thus a ex-
planation thereof will not be repeated.

[0104] The pixel-defining layer 120 having the open-
ings OP1 through which the first through third pixel elec-
trodes 211, 212, and 213 are exposed may be formed
by forming an insulating material layer on the first through
third pixel electrodes 211, 212, and 213 and then pat-
terning the insulating material layer.

[0105] The pixel-defining layer 120 may include an or-
ganic material or an inorganic material. When the pixel-
defining layer 120 includes an organic material, the pixel-
defining layer 120 may include at least one organic insu-
lating material selected from polyimide, polyamide, acryl-
ic resin, benzocyclobutene, and phenolic resin. When
the pixel-defining layer 120 includes an inorganic mate-
rial, the pixel-defining layer 120 may have a single layer
structure or multi-layer structure including SiOx, SiNXx,
and/or SiON.

[0106] Referring to FIG. 9, an auxiliary electrode 130
may be formed over the cover portion 120c of the pixel-
defining layer 120 or the non-pixel area NPA. The auxil-
iary electrode 130 may include a conductive material, for
example, ametal or TCO. The auxiliary may have a single
or multi-layer structure. In some embodiments, the aux-
iliary electrode 130 may include a metal such as Mo or Ti.
[0107] The auxiliary electrode 130 may be formed by
forming a conductive material layer over the entire sub-
strate 100, forming a photoresist pattern PR on the con-
ductive material layer, and then performing etching. The
etching may be wet etching, dry etching, or a combination
thereof. In some embodiments, the auxiliary electrode
130 may be formed by using dry etching for precise pat-
terning. In this case, in order to prevent damage to the
first through third pixel electrodes 211, 212, and 213, a
conductive material of the auxiliary electrode 130 may
include a material having an etch selectivity different from
that of a material of each of the first through third pixel
electrodes 211, 212, and 213.

[0108] Referringto FIG. 10, a side surface of the open-
ing OP1 may be etched to have an under-cut structure
in which an upper portion of the pixel-defining layer 120
corresponding to the auxiliary electrode 130 is recessed
from the auxiliary electrode 130.

[0109] The etching for the under-cut structure may be
dry etching. In this case, the photoresist pattern PR for
forming the auxiliary electrode 130 is not removed, such
that a shape of the auxiliary electrode 130 may be main-
tained and the side surface of the opening OP1 of the
pixel-defining layer 120 may be etched inwardly beyond
an end of the auxiliary electrode 130.
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[0110] Agasforthedryetching maybe oxygenplasma,
SFg, CHFy, or Cl-based gas. For example, when the pix-
el-defining layer 120 is formed of an organic material, the
dry etching may be performed by using oxygen plasma.
When the pixel-defining layer 130 is formed of an inor-
ganic material, the dry etching may be performed by us-
ing SFg.

[0111] Forming of auxiliary electrode 130 and forming
the under-cut structure of the pixel-defining layer 120
may be sequentially performed by changing only an etch-
ing condition in the same chamber and using the same
photoresist pattern.

[0112] Referring to FIG. 11, after the under-cut struc-
ture of the pixel-defining layer 120 is formed, the pho-
toresist pattern PR is removed.

[0113] Referringto FIG. 12, a first masking layer 1010
having an open portion corresponding to the first pixel
area PA1 may be formed. The first masking layer 1010
may include a first photoresist pattern layer 1210 and a
firstauxiliary layer 1110 between the first photoresist pat-
tern layer 1210 and the pixel-defining layer 120.

[0114] In some embodiments, the first masking layer
1010 may be formed by using the following process.
[0115] A non-photosensitive organic material layer
may be formed on the substrate 100 on which the auxil-
iary electrode 130 is formed, and then a photoresist layer
may be formed on the non-photosensitive organic mate-
rial layer. The non-photosensitive organic material layer
may include, for example, a fluorine-based material. The
photoresist layer may include a positive photosensitive
material.

[0116] The first photosensitive pattern layer 1210 hav-
ing a first opening portion OR1 may be formed by expos-
ing and developing a portion of the photoresist layer cor-
responding to the first pixel area PA1. A first auxiliary
opening portion AOR1 may be formed by etching a por-
tion of the non-photosensitive organic material layer ex-
posed through the first opening portion OR1. The first
auxiliary opening portion AOR1 of the first auxiliary layer
1110 may be formed by etching such that the first auxil-
iary opening portion AOR1 is greater than the first open-
ing portion OR1.

[0117] The first auxiliary layer 1110 may be located on
the auxiliary electrode 130 such that an end portion of
the auxiliary electrode 130 (e.g., an end portion of the
auxiliary electrode 130 adjacent to the first pixel electrode
211) is exposed and not covered.

[0118] Referringto FIG. 13, the first intermediate layer
221 and the first counter electrode 231 may be sequen-
tially formed on the substrate 100 on which the first mask-
ing layer 1010 is formed. A passivation layer may be fur-
ther formed on the first counter electrode 231. Materials
of the first intermediate layer 221 and the first counter
electrode 231 have been described with reference to FIG.
3, and thus an explanation thereof will not be repeated
and the following will focus on the process of forming the
layers.

[0119] The first intermediate layer 221 and the first
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counter electrode 231 may be formed by using thermal
evaporation. Deposition materials for forming the first in-
termediate layer 221 and the first counter electrode 231
may move toward the substrate 100 in a direction per-
pendicular or oblique to the substrate 100. Accordingly,
an end portion of the first intermediate layer 221 and an
end portion of the first counter electrode 231 may extend
into a space under the first photosensitive pattern layer
1210 without contacting the first auxiliary layer 1110. As
the deposition materials are deposited in an oblique di-
rection, the end portions of the first intermediate layer
221 and the first counter electrode 231 may each have
aforward taper shape. The end portion of the first counter
electrode 231 may extend farther than the end portion of
the first intermediate layer 221 and may contact the aux-
iliary electrode 130 such that the first counter electrode
231 has a width greater than that of the first intermediate
layer 221. The first counter electrode 231 may directly
contact a top surface of the auxiliary electrode 130 and
may be directly connected electrically to the auxiliary
electrode 130.

[0120] Referring to an enlarged view of FIG. 13, the
first intermediate layer 221 may include the lower func-
tional layer 221a, the emission layer 221b, and the upper
functional layer 221c. The lower functional layer 221a,
the emission layer 221b, and the upper functional layer
221c may be sequentially deposited. The pixel-defining
layer 120 may have the under-cut structure in which an
upper portion of the pixel-defining layer 120 is recessed
from the auxiliary electrode 130. Accordingly, a portion
of the lower functional layer 221a may be deposited over
the auxiliary electrode 130 and a portion of the lower
functional layer 221a may be deposited inside the open-
ing OP1 such that the portion of the lower functional layer
221a deposited over the auxiliary electrode 130 and the
portion of the lower functional layer 221a inside the open-
ing OP1 are spaced apart from each other.

[0121] Portions of the emission layer 221b and/or the
upper functional layer 221c may also be spaced apart
from each other according to a size of the under-cut struc-
ture of the pixel-defining layer 120 and a thickness of the
auxiliary electrode 130.

[0122] Referring to FIG. 14, the first masking layer
1010 may be removed by a lift-off process. In an embod-
iment, when the first auxiliary layer 1110 is formed of a
fluorine-based material, the first auxiliary layer 1110 may
be removed by using a fluorine-based solvent. When the
first auxiliary layer 1110 is removed, the first photosen-
sitive pattern layer 1210 on the first auxiliary layer 1110
and material layers stacked on the first photosensitive
pattern layer 1210 are also removed. The first interme-
diate layer 221 and the first counter electrode 231 having
island shapes may remain on the first pixel area PA1.
[0123] Referring to FIG. 15, a second masking layer
1020 having an open portion corresponding to the sec-
ond pixel area PA2 may be formed. The second masking
layer 1020 may include a second photosensitive pattern
layer 1220 and a second auxiliary layer 1120 between
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the second photosensitive pattern layer 1220 and the
pixel-defining layer 120. The second auxiliary layer 1120
and the second photosensitive pattern layer 1220 may
by formed by using the same material and the same proc-
ess as described above with respect to the first auxiliary
layer 1110 and the first photosensitive pattern layer 1210.
[0124] The second intermediate layer 222 and the sec-
ond counter electrode 232 may be sequentially formed
on the substrate 100 on which the second masking layer
1020 is formed. A passivation layer may be additionally
formed over the second counter electrode 232. Materials
of the second intermediate layer 222 and the second
counter electrode 232 have been described with refer-
ence to FIG. 3, and thus a explanation thereof will not be
repeated.

[0125] The second intermediate layer 222 and the sec-
ond counter electrode 232 may be formed by thermal
evaporation, and the passivation layer may be formed
by chemical vapor deposition (CVD).

[0126] Deposition materials for forming the second in-
termediate layer 222, the second counter electrode 232,
and the passivation layer may move toward the substrate
100 in a direction perpendicular or oblique to the sub-
strate 100. Accordingly, end portions of the second in-
termediate layer 222, the second counter electrode 232,
and the passivation layer may each have a forward taper
shape without contacting the second auxiliary layer 1120.
[0127] Theend portion of the second counter electrode
232 may extend farther than the end portion of the second
intermediate layer 222 and may contact the auxiliary
electrode 130 such that the second counter electrode
232 has a width greater than that of the second interme-
diate layer 222. The second counter electrode 232 may
directly contact a top surface of the auxiliary electrode
130 and may be directly connected electrically to the aux-
iliary electrode 130.

[0128] The second masking layer 1020 may be re-
moved by using a lift-off process. For example, the sec-
ond auxiliary layer 1120 may be removed by using, for
example, a fluorine-based solvent. Accordingly, the sec-
ond photosensitive pattern layer 1220 on the second aux-
iliary layer 1120, the second intermediate layer 222, the
second counter electrode 232, and a second passivation
layer 242 may be removed. The second intermediate lay-
er222,the second counter electrode 232, and the second
passivation layer 242 having island shapes may remain
on the second pixel area PA2.

[0129] Referringto FIG. 16, a third masking layer 1030
having an open portion corresponding to the third pixel
area PA3 may be formed. The third masking layer 1030
may include a third photosensitive pattern layer 1230 and
a third auxiliary layer 1130 between the third photosen-
sitive pattern layer 1230 and the pixel-defining layer 120.
The third auxiliary layer 1120 and the third photosensitive
pattern layer 1220 may be formed by using the same
material and the same process as described above with
respect to the first auxiliary layer 1110 and the first pho-
tosensitive pattern layer 1210.
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[0130] The third intermediate layer 223 and the third
counter electrode 233 may be sequentially formed on the
substrate 100 on which the third masking layer 1030 is
formed. A passivation layer may be additionally formed
over the third counter electrode 233. Materials of the third
intermediate layer 223, the third counter electrode 233,
and the passivation layer have been described with ref-
erence to FIG. 3, and thus a explanation thereof will not
be repeated.

[0131] The third intermediate layer 223 and the third
counter electrode 233 may be formed by using thermal
evaporation, and the passivation layer may be formed
by using CVD.

[0132] Deposition materials for forming the third inter-
mediate layer 223, the third counter electrode 233, and
the passivation layer may move toward the substrate 100
in a direction perpendicular or oblique to the substrate
100. Accordingly, end portions of the third intermediate
layer 223, the third counter electrode 233, and the pas-
sivation layer may each have a forward taper shape with-
out contacting the third auxiliary layer 1130.

[0133] The end portion of the third counter electrode
233 may extend farther than the end portion of the third
intermediate layer 223 and may contact the auxiliary
electrode 130 such that the third counter electrode 233
has a width greater than that of the third intermediate
layer 223. The third counter electrode 233 may directly
contact a top surface of the auxiliary electrode 130 and
may be directly connected electrically to the auxiliary
electrode 130.

[0134] Referring to FIG. 17, the third masking layer
1030 may removed using a lift-off process. For example,
the third auxiliary layer 1130 may be removed by using,
for example, a fluorine-based solvent. Accordingly, the
third photosensitive pattern layer 1230 on the third aux-
iliary layer 1130 and material layers may be removed.
The third intermediate layer 223 and the third counter
electrode 233 having island shapes may remain on the
third pixel area PA3.

[0135] FIG. 18 illustrates a cross-sectional view of an
organic light-emitting display apparatus according to an-
other embodiment. In FIG. 18, elements that are the
same as those in FIG. 3 are denoted by the same refer-
ence numerals, and thus a explanation thereof will not
be repeated.

[0136] Inthe present embodiment, in the organic light-
emitting display apparatus, a thin-film encapsulation lay-
er 300 that helps to prevent external oxygen and moisture
from penetrating into the display area DA by sealing the
display area DA may be formed.

[0137] The thin-film encapsulation layer 300 may in-
clude at least one inorganic film (e.g., first and second
inorganic films 310 and 330) and at least one organic film
320. For example, the thin-film encapsulation layer 300
may include the first inorganic film 310, the organic film
320, and the second inorganic film 330 that are sequen-
tially stacked as shown in FIG. 18. In some implementa-
tions, the thin-film encapsulation layer 300 may have any
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of various other configurations.

[0138] Each of the first inorganic film 310 and the sec-
ond inorganic film 330 may include at least one material
selected from the group consisting of silicon nitride, alu-
minum nitride, zirconium nitride, titanium nitride, hafnium
nitride, tantalum nitride, silicon oxide, aluminum oxide,
titanium oxide, tin oxide, cerium oxide, and SiON.
[0139] The organic film 320 may include at least one
material selected from an acrylic resin layer, a methacryl-
ic resin layer, polyisoprene, a vinyl-based resin layer, an
epoxy-based resin layer, a urethane-based resin layer,
acellulose-based resinlayer, and a perylene-based resin
layer.

[0140] The thin-flm encapsulation layer 300 may
formed on the first through third OLEDs OLED1, OLED2,
and OLED3 as illustrated in FIG. 18. In some implemen-
tations, the organic light-emitting display apparatus may
include a sealing substrate instead of the thin-film encap-
sulation layer 300. The sealing substrate may be adhered
to the substrate 100 by using a sealing member such as
a sealing glass frit. The sealing substrate may help to
prevent external moisture or air from penetrating into the
display area DA.

[0141] In some implementations, various functional
layers such as a polarization layer, a color filter layer,
and a touchscreen layer may be further located over the
thin-film encapsulation layer 300 or the sealing substrate.
[0142] As discussed, embodiments of the invention
may provide an organic light-emitting display apparatus,
comprising: a substrate including a plurality of pixel areas
and non-pixel areas in a display area; a plurality of pixel
electrodes respectively corresponding to the plurality of
pixel areas; a pixel-defining layer including a cover por-
tion and openings, wherein the cover portion covers an
edge region of each of the plurality of pixel electrodes,
and each of the openings exposes a central portion of a
pixel electrode among the plurality of pixel electrodes;
an auxiliary electrode located such that the auxiliary elec-
trode corresponds to at least a portion of a top surface
of the cover portion; and an intermediate layer and a
counter electrode, each located in the openings, wherein
the pixel-defining layer has an under-cut structure in
which the at least a portion of the top surface of the cover
portion is recessed from the auxiliary electrode.

[0143] In some embodiments, the top surface of the
cover portion comprises a flat region (or substantially flat
region) on which the auxiliary electrode is located (or
formed), and a tapered region at an edge region (or edge
regions) of the top surface of the cover portion. The aux-
iliary electrode may be arranged to extend from the flat
region to overlap the tapered region so as to form the
under-cut structure. In other words, the auxiliary elec-
trode may be larger than the flat region.

[0144] Theintermediate layer may include an emission
layer, a lower functional layer located under the emission
layer, and an upper functional layer located over the
emission layer. A portion of the intermediate layer may
located over the auxiliary electrode, and this portion may
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be spaced apart from (and hence not connected to) a
portion of the lower functional layer located inside the
openings. A portion of the emission layer may be located
between the portion of the intermediate layerlocated over
the auxiliary electrode and the portion of the lower func-
tional layer located inside the openings.

[0145] Embodiments of the invention may also provide
a method of manufacturing an organic light-emitting dis-
play apparatus, the method comprising: providing a sub-
strate on which a plurality of pixel electrodes are formed;
forming a pixel-defining layer including a cover portion
and openings, wherein the cover portion covers an edge
of an adjacent pixel electrode from among the plurality
of pixel electrodes, and the openings respectively expose
a central portion of each of the plurality of pixel elec-
trodes; forming an auxiliary electrode such that the aux-
iliary electrode corresponds to at least a portion of a top
surface of the cover portion; forming, by etching a side
surface of the cover portion, an under-cut structure in
which the at least a portion of the top surface of the cover
portionis recessed from the auxiliary electrode; and form-
ing a first masking layer such that a first pixel electrode
from among the plurality of pixel electrodes is exposed,
and then forming, on the first pixel electrode, a first inter-
mediate layer and a first counter electrode.

[0146] The top surface of the cover portion may com-
prises a flat region (or substantially flat region) on which
the auxiliary electrode is located (or formed), and a ta-
pered region at an edge region (or edge regions) of the
top surface of the cover portion. The tapered region may
be formed by the etching of the side surface of the cover
portion. The auxiliary electrode may be arranged to ex-
tend from the flat region to overlap the tapered region so
as to form the under-cut structure. In other words, the
auxiliary electrode may be larger than the flat region as
a result of the etching.

[0147] By way of summation and review, when an or-
ganic light-emitting display apparatus is manufactured,
light of different colors may be emitted from pixel areas.
A counter electrode integrally formed over a plurality of
pixels and an emission layer of each pixel may be formed
by using a deposition mask. As the resolution of an or-
ganic light-emitting display apparatus increases, a width
of an open slitof a mask used during a deposition process
decreases and a reduction of a distribution thereof is de-
sirable. Also, in order to manufacture a high-resolution
organic light-emitting display apparatus, it is desirable to
reduce or eliminate a shadow effect. Research has been
conducted on a deposition process of patterning a sac-
rificial layer and using the patterned sacrificial layer as a
mask.

[0148] Embodiments include an organic light-emitting
display apparatus for reducing a defect rate of an organic
light-emitting device (OLED) and a method of manufac-
turing the organic light-emitting display apparatus.
[0149] Asdescribed above, in an organic light-emitting
display apparatus according to the one or more embod-
iments, when a pixel-defining layer has an under-cut
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structure in which an upper portion of the pixel-defining
layer is recessed from an auxiliary electrode, leakage
currentbetween a counter electrode and a pixel electrode
may be prevented.

[0150] Example embodiments have been disclosed
herein, and although specific terms are employed, they
are used and are to be interpreted in a generic and de-
scriptive sense only and not for purpose of limitation. In
some instances, as would be apparent to one of ordinary
skill in the art as of the filing of the present application,
features, characteristics, and/or elements described in
connection with a particular embodiment may be used
singly or in combination with features, characteristics,
and/or elements described in connection with other em-
bodiments unless otherwise specifically indicated. Ac-
cordingly, it will be understood by those of skill in the art
that various changes in form and details may be made
without departing from the spirit and scope thereof as set
forth in the following claims.

Claims

1. Anorganiclight-emitting display apparatus, compris-
ing:

a substrate including a plurality of pixel areas
and non-pixel areas in a display area;

a plurality of pixel electrodes respectively corre-
sponding to the plurality of pixel areas;

a pixel-defining layer including a cover portion
and openings, wherein the cover portion covers
an edge region of each of the plurality of pixel
electrodes, and each of the openings exposes
a central portion of a pixel electrode among the
plurality of pixel electrodes;

an auxiliary electrode located such that the aux-
iliary electrode corresponds to at least a portion
of a top surface of the cover portion; and

an intermediate layer and a counter electrode,
each located in the openings,

wherein the pixel-defining layer has an under-
cut structure in which the at least a portion of
the top surface of the cover portion is recessed
from the auxiliary electrode.

2. The organic light-emitting display apparatus as
claimed in claim 1, wherein the top surface of the
cover portion comprises a flat region on which the
auxiliary electrode is located, and a tapered region
at an edge region of the top surface of the cover
portion, wherein the auxiliary electrode extends to
overlap the tapered region so as to form the under-
cut structure.

3. The organic light-emitting display apparatus as
claimed in claim 1 or 2,
wherein the intermediate layer includes an emission
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layer, a lower functional layer located under the
emission layer, and an upper functional layer located
over the emission layer,

wherein at least a portion of the intermediate layer
is located over the auxiliary electrode, and at least
a portion of the lower functional layer located over
the auxiliary electrode is spaced apart from a portion
of the lower functional layer located inside the open-
ings;

optionally wherein the lower functional layerincludes
atleast one of a hole injection layer and a hole trans-
port layer;

optionally wherein a thickness of the auxiliary elec-
trode is greater than a thickness of the lower func-
tional layer.

The organic light-emitting display apparatus as
claimed in any one of claims 1 to 3, wherein the aux-
iliary electrode has a mesh form with through-holes
corresponding to the openings of the pixel-defining
layer.

The organic light-emitting display apparatus as
claimed in any one of claims 1 to 4, wherein a width
of the counter electrode is greater than a width of
the intermediate layer; and/or

wherein an end portion of the counter electrode ex-
tends toward and contacts the auxiliary electrode.

The organic light-emitting display apparatus as
claimed in any one of claims 1 to 5, wherein the aux-
iliary electrode includes at least one of molybdenum
(Mo) and titanium (Ti), and the counter electrode in-
cludes Yb/Ag:Mg/ITO.

The organic light-emitting display apparatus as
claimed in any one of claims 1to 6, wherein a plurality
of thin-film transistors (TFTs) electrically connected
to the plurality of pixel electrodes are on the sub-
strate.

The organic light-emitting display apparatus as
claimedin any one of claims 1 to 7, further comprising
a thin-film encapsulation layer located over the dis-
play area, the thin-film encapsulation layer including
at least one inorganic film and at least one organic
film.

A method of manufacturing an organic light-emitting
display apparatus, the method comprising:

providing a substrate on which a plurality of pixel
electrodes are formed;

forming a pixel-defining layer including a cover
portion and openings, wherein the cover portion
covers an edge of an adjacent pixel electrode
from among the plurality of pixel electrodes, and
the openings respectively expose a central por-

10

15

20

25

30

35

40

45

50

55

13

EP 3 518 288 A1

10.

1.

12.

24

tion of each of the plurality of pixel electrodes;
forming an auxiliary electrode such that the aux-
iliary electrode corresponds to at least a portion
of a top surface of the cover portion;

forming, by etching a side surface of the cover
portion, an under-cut structure in which the at
least a portion of the top surface of the cover
portion is recessed from the auxiliary electrode;
and

forming a first masking layer such that a first
pixel electrode from among the plurality of pixel
electrodes is exposed, and then forming, on the
first pixel electrode, afirstintermediate layer and
a first counter electrode.

The method as claimed in claim 9, wherein forming
the auxiliary electrode and forming the under-cut
structure are performed using a same photoresist
pattern.

The method as claimed in claim 9 or 10, wherein the
pixel-defining layerincludes an organic material, and
etching the side surface of the cover portion is per-
formed by dry etching using an oxygen plasma; or

wherein the pixel-defining layer includes an inorgan-
ic material, and etching the side surface of the cover
portion is performed by dry etching using a SFg gas.

The method as claimed in any one of claims 9 to 11,
wherein:

the first intermediate layer includes an emission
layer, a lower functional layer located under the
emission layer, and an upper functional layer
located over the emission layer, and

a thickness of the auxiliary electrode is greater
than a thickness of the lower functional layer.

13. The method as claimed in any one of claims 9 to 12,

wherein:

the first intermediate layer includes an emission
layer, a lower functional layer located under the
emission layer, and an upper functional layer
located over the emission layer,

at least a portion of the first intermediate layer
is located over the auxiliary electrode, and

at least a portion of the lower functional layer
located over the auxiliary electrode is spaced
apart from a portion of the lower functional layer
located inside the openings;

optionally wherein the lower functional layer in-
cludes at least one of a hole injection layer and
a hole transport layer.

14. The method as claimed in any one of claims 9 to 13,

wherein an end portion of the first counter electrode
extends toward and contacts the auxiliary electrode.
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15. The method as claimed in any one of claims 9 to 14,
further comprising:

removing the first masking layer by a lift-off proc-

ess; 5
forming a second masking layer such that a sec-

ond pixel electrode from among the plurality of
pixel electrodes is exposed;

forming, onthe second pixel electrode, a second
intermediate layer and a second counter elec- 10
trode;

removing the second masking layer by a lift-off
process;

forming a third masking layer such that a third
pixel electrode from among the plurality of pixel 15
electrodes is exposed; and

forming, on the third pixel electrode, a third in-
termediate layer and a third counter electrode.

20

25

30

35

40

45

50

55

14



EP 3 518 288 A1

1

FIG.

15



EP 3 518 288 A1

FIG. 2A

¥ OLED

ELVDD

—
T2

o . . e . . . e o0 2 s . 2 . e . 2 e s o s

Dm/

DL *-

ELVSS

FIG. 2B

- i
nw =
<
| € € — _M
[ =
a
o
r TH_T|A.
E g b
1 o | -4
— e ] —
e - w [9p]
o » L t
7p] o

16



EP 3 518 288 A1

tdO

£ec €ce ¢le
/J\'I\

€a3a10

CIM

€M

2€2 222 212 Ve Ny
ldo  ¢dd10 002} 1dO 162 122 112 \f
{ “~ s H
0z ! L3370
2IM LM
2ZM 1ZM

17




EP 3 518 288 A1

FIG. 4

t

18



EP 3 518 288 A1

FIG. S

DA

OP1 231 hi  opP1 232 OP1 233
i H I H

i -'—\h

+—120
—130

h

s Y A R ;

I OP1 231 h, OP1 232 h, OP1 233
Z X

19



EP 3 518 288 A1

FIG. ©
0P 231 OP1 232 OP1 233 /DA
4++f/)7/+/+ : ’ 130
SRR
RN
//‘/‘4/ 130
++((ﬁ+++éﬂk ++{Q++-120

Y

I
I OP1 231 OP1 232 OP1 233
z X

20



EP 3 518 288 A1

FIG. 7A

- — &
LV ST AN 4100

e

Cst
D2 A2 G2 S2 S1 At G1 D1 7
\. J

Y / s Y
T2 T1
y X

A A

LA R -
Y/ A I R B e
D2 A2 G2 S2 St A1 G1 D1 CE1 CEZ
\ ~ J ' ~ J N S
T2 T1 Cst

21



EP 3 518 288 A1

I I I I T
+ o+ + + 4+ + o+ + b 4+
ERE T I O B T S N R

R P I T

o r e+ oy

I I
ON—‘ R I T
+ o+ o+ o+ o+ o+ 4

ldO  €l¢

LR R T R

E R I T e
+ o+ o+ o+ 4+ o+ 4

+ o+ + + + o+ o+

+ ot o+

8 "Old

LR

4

22



EP 3 518 288 A1

A

23



EP 3 518 288 A1

e e v &+ + +
[ I I T R R

ON_x + o+ o+ o+ o+ o+
+ o ot b+

A N

O U T e IO Sy

1dO 2021 ocl 0021 1dO 0E} 5021
(]/\'\

0cl 0ct

24



EP 3 518 288 A1

+ o+
+

+
+

+ o+
+

T "Old

25



EP 3 518 288 A1

PR o e e O S\ P P (P VPP N
+ R TR I R R S R e S
-

+ o+
+ o+ o+
PO
+ o+
+ o+

+ R S TR S S S S R

gLt OLLE
j\l\

0101

cl "DId

26



EP 3 518 288 A1

¥
&+

+ + o+ o+

L T N

+

XN
F

LIPS IALELIL LA PP AP PP PP PP PSPPI AP RP PSP PP ERIP ISP IR P PP PP PP I RSP AP PP PP E PP AL PP PIIIL I AP PP I IS

A

b 5 X

T [

J ) | /

1dO €l 0el 0Ll 01zl LdO cle

/IIIII(\IIII\
OLOL

Olgl OLHE
/llll)(\llll\

0101

27



EP 3 518 288 A1

+ + +
L R T B I T S T
+ F ot o bt ot g

R T Y

0gl le 08l

Y1 "Old

28



EP 3 518 288 A1

N R A S e e R
L S S N L P P
+ b W S S S S R T T

+ 4+ + 4+ + 4+ + o+ 4+

+ .

R I R R

I T I A
+ o+t + + ot o+ o+ 4
L A I

"..._s
+ o+
+
+ o+
+
+
+
+ o+
+
+ o+
+
+ o+
+
&
+

+ o+
+ + o+ 4+ o+ o+ o+ +

AN N

! \ » v y v \
O g1z ey MO ez 12z 11z oel

0cLl 0ccl 0¢Ll 0ccl
) N — J\lb'\

0c01 0¢0l

AR

G "OId

29



EP 3 518 288 A1

iiiiii

444444

+ o+ o+
+ 4+
+ o+ o+ 4+
++

+ o+ o+

+
A
+ 4+
+

+
+ o+
+

+

+ o+ o+ o+
+

+ o+ 4+ o+

+
+ o+
+ o+t

+ o+

7

+

d + t + + + o+ o+ 4+

+
+ o+ o+

+ o+
o+ o+ o+ o+ o+ o+t
+ o+ o+ 4

+
+
+

.
+ o+
+ 4+ o+ b+ ot

+ +

AN

NN

| 5OV Nw/J/J//f///\ﬁ/

0ELL 0gcl
(|b1<|b\

0€0t

S

¢t¢ ¢dc ¢le

\
IdO

?

l€¢ lcc Lie 01

91 "OId

30



EP 3 518 288 A1

(RN

MF + A [ oF o+ b o+ 4

+ o+ ot o+

€E¢ €¢¢ Cle ¢tc ¢e¢ ¢le l€¢ Lge Lie
1Ido  €d310 Ido  ¢d310 2021 14O LA=410
/.|<|\
4

L1 "OId

31



EP 3 518 288 A1

_+ o+ o+ o+ SRV AT YV YA
* F + F + S VAN NN RS %2,
AN NN NENEN NN, 44
AN AN NN N 4

AN N N A 5

R

0000820080098

RNNN NN N

ANNNARNN
NANASNANNANNYRUNAMRNNNYNYENNANRNNNNANN
ANNEHNANRNNNNANSANRNNANANNNNNNNN
NN NEANNNUASNAHNVANNNRTNNARYUNNSRRNNY NN N
NNANANANNNNY NN NN BRANNANRANNNSNRENNYNNNN
NN NN ANANNNN AN ANAN R NNANR NN R NN N NN

NN
NN
A

W

R g

SANNNSNNNNSNN

ANAN AN VAN LN A S N A N

NENANRNASNANNANNSUANASNESNARNS YUY NNNNN

A N R R A A Y AR R S N N S N NN
NAENAENAENANNANANNNYNNOYAYNREANNNRENNNNNANN

MANN NN NNNNAANNNNYNN N

NONN N NN N N N NN N N N Y NN N R N N ONEN N N N N N N

rorsasedsosssrdizess
AN BN AN
NNBRNNYNN
NNR NSNS
NNBRNN
NENN R NNNNNNRNN

NNNHMANNNNNYN

NNNS NN NN

NNNN YN
NANSNNN N NUNNNNYENNANINNN
NANNNRNAR VRN NNNSANNNRNNS NN
NANNNNYNANNNBNN

SANNSNEANNYNNNRANNY
NN NN N RN NN NN SN NN NN Y

NNNNNN
SNNNNN

vorssoelrassserhresrokross

AN
SENEVANRNEN RN
PEYERNEN NEN
NEYENENEN NN

NNN NSNS RN
NARNNMRNNNNNANNNRNNSN

N
NN N
ASA\SAN
NRN
NNNN

“iosvs

R o
G

(77 SANANE N N N N
A N

A S N NN SN

NNN AN AN NN NNNNNN S /_
NNNNRY NN NN NNNNINNY
A AN AN

74 7

7/

77

Yo%

7

[
IdO ¢ee €22 €le

0l€ 0ct 0€E

/IIIIlIll(\!lllIIll\
00t

/
ldO 2€e ¢2¢ 2¢le

0El

0¢t  1dO
N

0cl1

/]
R4

Ll

|
0El

81 "DId

32



10

15

20

25

30

35

40

45

50

55

EP 3 518 288 A1

des

Européisches
Patentamt

European

Patent Office

ce européen
brevets

[

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 19 15 2186

Categor Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
gory of relevant passages to claim APPLICATION (IPC)
X,P |EP 3 321 989 Al (SAMSUNG DISPLAY CO LTD 1,2,4-14 INV.
[KR]) 16 May 2018 (2018-05-16) HO1L27/32
* paragraphs [0105] - [0113]; figure 10 * HO1L51/52
A US 2007/064486 Al (SUNG UN-CHEOL [KR] ET |1,9
AL) 22 March 2007 (2007-03-22)
* figure 5 *
A US 2016/203765 Al (LEE WON KYU [KR]) 1,9

14 July 2016 (2016-07-14)
* figure 3 *

The present search report has been drawn up for all claims

TECHNICAL FIELDS
SEARCHED (IPC)

HOIL

Place of search

Munich

Date of completion of the search

21 May 2019

Examiner

Wolfbauer, Georg

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document

33




EP 3 518 288 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 19 15 2186

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

21-05-2019
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 3321989 Al 16-05-2018 CN 108074954 A 25-05-2018
EP 3321989 Al 16-05-2018
JP 2018081916 A 24-05-2018
KR 20180055024 A 25-05-2018
W 201820609 A 01-06-2018
US 2018138441 Al 17-05-2018
US 2007064486 Al 22-03-2007 CN 1937231 A 28-03-2007
KR 100643404 Bl 31-10-2006
US 2007064486 Al 22-03-2007
US 2016203765 Al 14-07-2016 KR 20160087987 A 25-07-2016
US 2016203765 Al 14-07-2016

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

34




THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

RBA

IPCH %S

CPCH¥S

L 5E4X
H 2T SR
S\ EREERE

BEGF)

—MANAXERRE , 8 ERXEHERESMREXREMEGE
XEHER; 2 BN N TARRSMEXBHN S MEEBRR, SBFBEEHD
NEERERTA , AFZHIBES MEEBRFOE—IiLS5
HESNMTORBSMEEERPHNEREDMO P OIS |, HWEBRRE
URESHBBRN N TEHTWRARANED -5 , AR EEN
ket , BMBLTHAAF. BEREEZITUAEERIEN , HHhES

BHRKXEREBREBIES X
EP3518288A1

EP2019152186
ZEETRERATA

= EDISPLAY CO. , LTD.

=EDISPLAY CO., LTD.

LEE DUCKJUNG
KIM ARONG

PARK JUNGSUN
BANG HYUNSUNG

LEE, DUCKJUNG
GWARK, HYEJIN
KIM, ARONG
PARK, JUNGSUN
BANG, HYUNSUNG

HO1L27/32 HO1L51/52

patsnap

AFF ()R 2019-07-31

RiEHR 2019-01-16

HO1L27/3246 H01L2227/323 HO1L27/3279 HO1L51/5228 H01L51/5056 HO1L51/5088 HO1L51/5209

HO1L51/5225 HO1L51/56

1020180010846 2018-01-29 KR
EP3518288B1

Espacenet

BoWMRENED — B NHEB BR M

FIG. 4



https://share-analytics.zhihuiya.com/view/161ecdd9-a196-4d5f-a258-168c0488df80
https://worldwide.espacenet.com/patent/search/family/065041570/publication/EP3518288A1?q=EP3518288A1

