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(57) ABSTRACT

An organic light-emitting display panel, a display device,
and an organic light-emitting display motherboard are pro-
vided. The organic light-emitting display panel includes a
base substrate, a metal wire, a first insulation layer, and a
conductive portion. The metal wire has an upper surface
opposing to the base substrate. A material of the metal wire
includes a first metal. The first insulation layer covers the
upper surface of the metal wire and includes at least one
hollow portion penetrating through the first insulation layer
and exposing a portion of the upper surface of the metal
wire. The conductive portion is electrically connected to the
metal wire, and is not overlapped with the at least one
hollow portion. A work function of a material of the con-
ductive portion is G1, a work function of metal silver is G2,
a work function of the first metal is G3, and G1>G2>G3.
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ORGANIC LIGHT-EMITTING DISPLAY
PANEL, DISPLAY DEVICE AND ORGANIC
LIGHT-EMITTING DISPLAY
MOTHERBOARD THEREOF

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This application claims the priority of Chinese
patent application No. 201810000653.8, filed on Jan. 2,
2018, the entirety of which is incorporated herein by refer-
ence.

FIELD OF THE DISCLOSURE

[0002] The present disclosure generally relates to the field
of display technology and, more particularly, relates to an
organic light-emitting display panel, a display device and an
organic light-emitting display motherboard thereof.

BACKGROUND

[0003] An organic light-emitting display panel includes
organic light-emitting diodes (OLEDs), and is featured with
various advantages, such as self-luminous. wide viewing
angle, high contrast, low power consumption and high
response speed, etc. Thus, organic light-emitting display
panels are increasingly favored by consumers.

[0004] However, the reliability of organic light-emitting
display panels is highly desired to be improved. The dis-
closed organic light-emitting display panel and device are
directed to solve one or more problems set forth above and
other problems.

BRIEF SUMMARY OF THE DISCLOSURE

[0005] One aspect of the present disclosure provides an
organic light-emitting display panel. The organic light-
emitting display panel comprises a base substrate, and a
metal wire disposed on the base substrate. The metal wire
has a first surface facing the base substrate and an opposing
second surface, and the opposing second surface is an upper
surface of the metal wire. A material of the metal wire
includes a first metal. The organic light-emitting display
panel also includes a first insulation layer covering the upper
surface of the metal wire. The first insulation layer includes
at least one hollow portion, and the at least one hollow
portion penetrates through the first insulation layer along a
thickness direction of the first insulation layer and exposes
a portion of the upper surface of the metal wire. Further, the
organic light-emitting display panel includes a conductive
portion disposed on the upper surface of the metal wire.
Along a direction perpendicular to the base substrate, the
conductive portion is not overlapped with the at least one
hollow portion, and the conductive portion is electrically
connected to the metal wire. A work function of a material
of the conductive portion is G1, a work function of metal
silver is G2, a work function of the first metal is G3, and
G1>G2>G3.

[0006] Another aspect of the present disclosure provides a
display device. The display device comprises an organic
light-emitting display panel. The organic light-emitting dis-
play panel includes a base substrate, and a metal wire
disposed on the base substrate. The metal wire has a first
surface facing the base substrate and an opposing second
surface, and the opposing second surface is an upper surface
of the metal wire. A material of the metal wire includes a first
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metal. The organic light-emitting display panel also includes
a first insulation layer covering the upper surface of the
metal wire. The first insulation layer includes at least one
hollow portion, and the at least one hollow portion pen-
etrates through the first insulation layer along a thickness
direction of the first insulation layer and exposes a portion
of the upper surface of the metal wire. Further, the organic
light-emitting display panel includes a conductive portion
disposed on the upper surface of the metal wire. Along a
direction perpendicular to the base substrate, the conductive
portion is not overlapped with the at least one hollow
portion, and the conductive portion is electrically connected
to the metal wire. A work function of a material of the
conductive portion is G1, a work function of metal silver is
(2, a work function of the first metal is G3, and G1>G2>G3.
[0007] Another aspect of the present disclosure provides
an organic light-emitting display motherboard. The organic
light-emitting display motherboard comprises a mother base
substrate, and a metal wire disposed on the mother base
substrate. The metal wire has a first surface facing the
mother base substrate and an opposing second surface, and
the opposing second surface is an upper surface of the metal
wire. A material of the metal wire includes a first metal. The
organic light-emitting display motherboard also includes a
first insulation layer covering the upper surface of the metal
wire. The first insulation layer includes at least one hollow
portion, and the at least one hollow portion penetrates
through the first insulation layer along a thickness direction
of the first insulation layer and exposes a portion of the
upper surface of the metal wire. In addition, the organic
light-emitting display motherboard includes a conductive
portion disposed on the upper surface of the metal wire.
Along a direction perpendicular to the mother base sub-
strate, the conductive portion is not overlapped with the at
least one hollow portion, and the conductive portion is
electrically connected to the metal wire. A work function of
a material of the conductive portion is G1, a work function
of metal silver 1s G2, a work function of the first metal is G3,
and G1>G2>G3. Further, the organic light-emitting display
motherboard includes a plurality of sub-display panel
regions, wherein the conductive portion is disposed in a
region other than a sub-display panel region.

[0008] Other aspects of the present disclosure can be
understood by those skilled in the art in light of the descrip-
tion, the claims, and the drawings of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 illustrates a schematic local cross-sectional
view of an exemplary organic light-emitting display panel
consistent with disclosed embodiments of the present dis-
closure;

[0010] FIG. 2 illustrates a schematic local cross-sectional
view of another exemplary organic light-emitting display
panel consistent with disclosed embodiments of the present
disclosure;

[0011] FIG. 3 illustrates a schematic local cross-sectional
view of another exemplary organic light-emitting display
panel consistent with disclosed embodiments of the present
disclosure;

[0012] FIG. 4 illustrates a circuit diagram of an exemplary
pixel circuit in an exemplary organic light-emitting display
panel consistent with disclosed embodiments of the present
disclosure;
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[0013] FIG. 5 illustrates a schematic top view of an
exemplary organic light-emitting display panel consistent
with disclosed embodiments of the present disclosure;
[0014] FIG. 6 illustrates a schematic CC'-sectional view of
an exemplary organic light-emitting display panel in FIG. 5
consistent with disclosed embodiments of the present dis-
closure;

[0015] FIG. 7 illustrates a schematic top view of another
exemplary organic light-emitting display panel consistent
with disclosed embodiments of the present disclosure;
[0016] FIG. 8 illustrates a schematic DD'-sectional view
of another exemplary organic light-emitting display panel in
FIG. 7 consistent with disclosed embodiments of the present
disclosure;

[0017] FIG. 9 illustrates a schematic top view of another
exemplary organic light-emitting display panel consistent
with disclosed embodiments of the present disclosure;
[0018] FIG. 10 illustrates a schematic EE'-sectional view
of another exemplary organic light-emitting display panel in
FIG. 9 consistent with disclosed embodiments of the present
disclosure;

[0019] FIG. 11 illustrates exemplary film layers of an
anode of another organic light-emitting display panel in FIG.
3 consistent with disclosed embodiments of the present
disclosure;

[0020] FIG. 12 illustrates a schematic top view of another
exemplary organic light-emitting display panel consistent
with disclosed embodiments of the present disclosure;
[0021] FIG. 13 illustrates a schematic top view of another
exemplary organic light-emitting display panel consistent
with disclosed embodiments of the present disclosure;
[0022] FIG. 14 illustrates a schematic local cross-sectional
view of another exemplary organic light-emitting display
panel consistent with disclosed embodiments of the present
disclosure;

[0023] FIG. 15 illustrates a schematic diagram of an
exemplary display device consistent with disclosed embodi-
ments of the present disclosure;

[0024] FIG. 16 illustrates a schematic top view of an
exemplary organic light-emitting display motherboard con-
sistent with disclosed embodiments of the present disclo-
sure; and

[0025] FIG. 17 illustrates a schematic FF'-sectional view
of an exemplary organic light-emitting display motherboard
in FIG. 16 consistent with disclosed embodiments of the
present disclosure.

DETAILED DESCRIPTION

[0026] Reference will now be made in detail to exemplary
embodiments of the disclosure, which are illustrated in the
accompanying drawings. Wherever possible, the same ref-
erence numbers will be used throughout the drawings to
refer to the same or the alike parts. The described embodi-
ments are some but not all of the embodiments of the present
disclosure. Based on the disclosed embodiments, persons of
ordinary skill in the art may derive other embodiments
consistent with the present disclosure, all of which are
within the scope of the present disclosure.

[0027] Similar reference numbers and letters represent
similar terms in the following Figures, such that once an
item is defined in one Figure, it does not need to be further
discussed in subsequent Figures.

[0028] In existing technologies, film layers in some
regions of the organic light-emitting display panel have poor
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flatness, and the reliability of the organic light-emitting
display panel is sustainably low.

[0029] A metal wire is provided in the organic light-
emitting display panel for transmitting electrical signal. A
first insulation layer is provided on a surface of the metal
wire for protecting the metal wire. However, due to struc-
tural design requirements of the organic light-emitting dis-
play panel, a hollow portion is disposed in the first insulation
layer. The hollow portion penetrates through the first insu-
lation layer along a thickness direction of the first insulation
layer and exposes a portion of an upper surface of the metal
wire. Metal particles are adhered to the upper surface of the
metal wire in the region where the hollow portion is located.
The metal particles cause the upper surface of the metal wire
in the region where the hollow portion is located to be
uneven, thereby resulting in poor flatness of the subse-
quently fabricated film layers. The main material of the
metal particles is metal silver.

[0030] Further, in the manufacturing process of the
organic light-emitting display panel, an acid etching solution
with PH value of approximately 2-3 is often used. The metal
material of the metal wire includes any one of titanium (Ti),
aluminum (Al), molybdenum (Mo), copper (Cu), iron (Fe),
nickel (Ni), and chromium (Cr). Because work function of
metal silver is larger than work function of the metal
material of the metal wire, in the acid etching solution, the
metal material of the metal wire tends to lose electrons and
displace the highly oxidized silver ions (Ag") in the etching
solution. The silver ions (Ag") form the metal particles after
obtaining the electrons. The metal particles will be adhered
to the upper surface of the metal wire in the region where the
hollow portion is located, resulting in the poor flatness of the
subsequently fabricated film layers and low reliability of the
organic light-emitting display panel.

[0031] For example, the material of the metal wire in the
organic light-emitting display panel often includes alumi-
num (Al). The silver ions (Ag*) will form the metal particles
after obtaining the electrons, and the metal particles will be
adhered to the upper surface of the aluminum metal wire in
the region where the hollow portion is located.

[0032] To solve one or more problems set forth above and
other problems, the present disclosure provides an organic
light-emitting display panel with improved reliability.

[0033] FIG. 1 illustrates a schematic diagram of an organic
light-emitting display panel consistent with disclosed
embodiments of the present disclosure. Referring to FIG. 1,
the organic light-emitting display panel may include a base
substrate 00, a metal wire 10 disposed on the base substrate
00, a first insulation layer 20 and a conductive portion 30. In
particular, the metal wire 10 may have a first surface facing
the base substrate 00 and an opposing second surface. The
opposing second surface of the metal wire 10 may be an
upper surface 11 of the metal wire. The material of the metal
wire 10 may include a first metal. The first insulation layer
20 may cover the upper surface 11 of the metal wire 10. The
first insulation layer 20 may include at least one hollow
portion 21 penetrating through the first insulation layer 20
along a thickness direction of the first insulation layer 20 and
exposing a portion of the upper surface 11 of the metal wire.
The conductive portion 30 may not overlap with the hollow
portion 21 along a direction ‘z’ perpendicular to the base
substrate 00. The conductive portion 30 may be electrically
connected to the metal wire 10.
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[0034] The work function of a material of the conductive
portion 30 may be G1, the work function of metal silver may
be G2, and the work function of the first metal may be G3,
where G1>G2>G3. The work function, also known as a
threshold energy, is defined in solid physics as the minimum
energy required to move an electron from the interior of a
solid to a surface of the object. In general, the work function
may refer to the work function of a metal. The value of the
work function may indicate the strength of the electrons
bound in the metal. The larger the work function, the less
likely the electrons are intended to leave the metal. The work
function can be simply understood as the ability of the object
to possess or capture the electrons. The lower the work
function of a substance, the easier the substance is to be
oxidized. The higher the work function of a substance, the
less likely the substance is to be oxidized.

[0035] The disclosed display panel may be an organic
light-emitting display panel, which may include a plurality
of organic light-emitting diodes (OLEDs) (not illustrated in
FIG. 1).

[0036] In one embodiment, the base substrate 00 may be
a rigid substrate. For example, the base substrate 00 may be
made of a glass material. In another embodiment, the base
substrate 00 may be a flexible substrate. For example, the
base substrate 00 may be made of a resin material. The
material of the base substrate 00 is not limited by the present
disclosure and may be determined according to various
application scenarios.

[0037] The metal wire 10 may be disposed on the base
substrate 00. Any appropriate films may be disposed
between the metal wire 10 and the base substrate 00, which
are not limited by the present disclosure. The metal wire 10
may be made of a metal material having desired electrical
conductivity. The metal wire 10 may be configured to
transmit an electrical signal. For example, the material of the
metal wire 10 may include one type of metal, a combination
of two or more types of metals, or two or more types of metal
alloys, etc. The specific metal material of the metal wire 10
and the function of the electrical signal transmitted by the
metal wire 10 are not limited by the present disclosure and
may be determined according to various application sce-
narios.

[0038] The first insulation layer 20 may cover the upper
surface 11 of the metal wire. The first insulation layer 20
may have an insulating function and may prevent the metal
wire 10 from electrical leakage. The first insulation layer 20
may protect the metal wire 10 from being damaged in
subsequent processes for fabricating the organic light-emit-
ting display panel. The first insulation layer 20 may be made
of an organic material, or an inorganic material, which is not
limited by the present disclosure and may be determined
according to various application scenarios.

[0039] The first insulation layer 20 may include at least
one hollow portion 21 penetrating through the first insula-
tion layer 20 along the thickness direction of the first
insulation layer 20 and exposing a portion of the upper
surface 11 of the metal wire. In the subsequent manufactur-
ing process of the organic light-emitting display panel, the
upper surface 11 of the metal wire in the region where the
hollow portion 21 is located may not be protected by the first
insulation layer 20 and, thus, may be exposed in the acid
etching solution. In the acid etching solution, the first metal
in the material of the metal wire 10 may easily lose electrons
and become first metal cations.
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[0040] The organic light-emitting display panel may
include a plurality of film layer structures. Portion of the film
layer structures may be made of metal silver. When pattern-
ing the film layer structures containing metal materials using
an acid etching solution, the etching solution may include
silver ions.

[0041] To improve the phenomenon that the silver ions
form metal particles on the upper surface 11 of the metal
wire in the region where the hollow portion 21 is located, in
the disclosed embodiments, the conductive portion 30,
which may be electrically connected to the metal wire 10,
may be provided. In addition, the work function of the
material of the conductive portion may be G1, the work
function of the metal silver may be G2, and the work
function of the first metal may be G3, where G1>G2>G3.
[0042] The conductive portion 30 may resolve the issue
that the silver ions form metal particles on the upper surface
of the metal wire in the region where the hollow portion 21
is located. The reasons may be explained as follows.
[0043] On one hand, the work function of the material of
the conductive portion 30 may be configured to be greater
than the work function of the first metal.

[0044] The work function, also known as a threshold
energy, is defined in solid physics as the minimum energy
required to move an electron from the interior of a solid to
a surface of the object. The larger the work function of a
material, the more difficult it is for the material to lose
electrons. The smaller the work function of a material, the
easier it is for the material to lose electrons. In the disclosed
embodiments, the work function of the material of the
conductive portion may be Gl, the work function of the
metal silver may be G2, and the work function of the first
metal may be G3, where G1>G2>G3. That is, the work
function G1 of the material of the conductive portion 30>the
work function G2 of the metal silver>the work function G3
of the first metal. In other words, the material of the
conductive portion 30 may be the most difficult to lose
electrons, the metal silver may be difficult to lose electrons,
and the first metal may be the casiest to lose electrons.
[0045] Contact effect is an electrical effect caused by the
contact of two different materials, in which the generated
electrical effect is different from the electrical effect when
the two materials are not in touch with each other. Contact
effect is a fairly widespread class of effects, existing between
numerous materials such as metal-metal, metal-semiconduc-
tor, metal-electrolyte, and metal-oxide, etc.

[0046] The contact effect is related to the work function.
In one embodiment, when the conductive portion 30 is
electrically connected to the metal wire 10, the contact effect
may exist between the conductive portion 30 and the metal
wire 10. Because the work function of the material of the
conductive portion 30 is greater than the work function of
the first metal in the metal wire 10, the first metal in the
metal wire 10 may be more likely to lose electrons than the
material of the conductive portion 30, and, thus, the elec-
trons in the metal wire 10 may move toward the conductive
portion 30.

[0047] In the manufacturing process of the disclosed
organic light-emitting display panel, a potential barrier for
the silver ions in the acid etching solution to directly acquire
electrons from the metal wire 10 may be substantially large,
while a potential barrier for the silver ions to acquire lost
electrons of the metal wire 10 through the conductive
portion 30 may be substantially small. Thus, the silver ions
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may not be easily reduced on the surface of the metal wire
10 to form metal particles adhered to the upper surface 11 of
the metal wire in the region where the hollow portion 21 is
located. On the contrary, the silver ions may tend to be
reduced on the surface of the conductive portion 30 to form
metal particles which are adhered to the surface of the
conductive portion 30. Thus, the upper surface 11 of the
metal wire may maintain a substantially smooth and flat
structure under the protection of the conductive portion 30.
Accordingly, the issues of poor flatness of the subsequently
manufactured film layers may be resolved, and the reliability
of the organic light-emitting display panel may be improved.
[0048] On the other hand, the material of the conductive
portion 30 may be the most difficult to lose electrons, the
metal silver may be difficult to lose electrons, and the first
metal may be the easiest to lose electrons. In other words,
the material of the conductive portion 30 may be the easiest
to acquire electrons. When the conductive portion 30 is
electrically connected to an object containing metal silver,
the contact effect may exist between the conductive portion
30 and the object containing metal silver. Electrons of silver
may move toward the conductive portion 30. and silver may
turn into silver ions. Therefore, when the material of the
conductive portion 30 and the silver ions coexist, the mate-
rial of the conductive portion 30 may preferentially acquire
electrons.

[0049] In the manufacturing process of the disclosed
organic light-emitting display panel, in the acid etching
solution, the conductive portion 30 may be easier to acquire
electrons than the silver ions. Therefore, the conductive
portion 30 may be easier to be reduced, while the silver ions
in the etching solution may not be easy to be reduced. The
silver ions may not be easy to acquire electrons to form
metal particles adhered to the upper surface 11 of the metal
wire in the region where the hollow portion 21 is located.
Therefore, the upper surface 11 of the metal wire may
maintain a substantially smooth and flat structure under the
protection of the conductive portion 30. Accordingly, the
issues of poor flatness of the subsequently manufactured
film layers may be resolved, and the reliability of the organic
light-emitting display panel may be improved.

[0050] In addition, the conductive portion 30 may not
overlap with the hollow portion 21 along the direction ‘7’
perpendicular to the base substrate 00. That is, the conduc-
tive portion 30 may be disposed in a region other than the
hollow portion 21, without damaging the hollow structure of
the first insulation layer 20 and without affecting the struc-
tural design requirements of the organic light-emitting dis-
play panel.

[0051] FIG. 2 illustrates a schematic local cross-sectional
view of another exemplary organic light-emitting display
panel consistent with disclosed embodiments of the present
disclosure. The similarities between FIG. 1 and FIG. 2 are
not repeated herein, while certain differences may be
explained.

[0052] As shown in FIG. 2, the base substrate 00 may be
a flexible substrate. In one embodiment, the base substrate
00 may be made of polyimide (PI). The organic light-
emitting display panel may also include a thin film encap-
sulation layer 40. The thin film encapsulation layer 40 may
cover the upper surface 11 of the metal wire in the region
where the hollow portion 21 is located. The thin film
encapsulation layer 40 may prevent outside moisture, oxy-
gen and impurities from entering the display panel, and
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protect the film layer structures inside the organic light-
emitting display panel. In one embodiment, in the organic
light-emitting display panel, the organic light-emitting diode
may be fabricated by a vapor deposition manufacturing
process. The fabricated film layer structures may be loose,
and the material of the organic light-emitting diode may be
easily eroded by moisture, oxygen and impurities in the air.
However, the thin film encapsulation layer 40 may be able
to protect the organic light-emitting diode.

[0053] Incertain embodiments, the thin film encapsulation
layer 40 may include one, two or three or more film layers.
In one embodiment, the thin film encapsulation layer 40 may
include organic layers and inorganic layers that are alterna-
tively arranged. The base substrate 00 may be a flexible
substrate having a bendable property. In one embodiment,
the thin film encapsulation layer 40 may also have desired
bendability. For example, the organic light-emitting display
panel may be rollable, bendable and foldable. The specific
material and film layer structures of the thin film encapsu-
lation layer 40 are not limited by the present disclosure and
may be determined according to various application sce-
narios.

[0054] Theupper surface 11 of the metal wire in the region
where the hollow portion 21 is located may be covered with
the thin film encapsulation layer 40. When the metal par-
ticles are adhered to the upper surface 11 of the metal wire
in the region where the hollow portion 21 is located, the
encapsulation performance of the thin film encapsulation
layer 40 may be affected, resulting in encapsulation failure
of the thin film encapsulation layer 40. Therefore, the yield
of the organic light-emitting display panel may be affected.
[0055] In the disclosed embodiments, metal particles may
not be easily formed to be adhered to the upper surface 11
of the metal wire in the region where the hollow portion 21
is located. Thus, the upper surface 11 of the metal wire may
maintain a substantially smooth and flat structure under the
protection of the conductive portion 30 without affecting the
encapsulation performance of the thin film encapsulation
layer 40. Therefore, the reliability of the organic light-
emitting display panel may be enhanced, and the yield of the
organic light-emitting display panel may be improved.
[0056] FIG. 3 illustrates a schematic local cross-sectional
view of another exemplary organic light-emitting display
panel consistent with disclosed embodiments of the present
disclosure. The similarities between FIG. 2 and FIG. 3 are
not repeated herein, while certain differences may be
explained.

[0057] As shown in FIG. 3, the organic light-emitting
display panel may also include a thin film transistor layer 50
and an organic light-emitting diode layer 51 that are sequen-
tially disposed on the base substrate 00. The thin film
transistor layer 50 may include a gate metal layer 501, a
semiconductor layer 502 and a source-drain metal layer 503.
[0058] Inoneembodiment, the thin film transistor layer 50
may include a plurality of thin film transistors ST. The thin
film transistor ST may include a gate ST1, a semiconductor
portion ST2, a source ST3, and a drain ST4. The gate ST1
may be located in the gate metal layer 501, the semicon-
ductor portion ST2 may be located in the semiconductor
layer 502, the source ST3 and the drain ST4 may be disposed
in the same layer, and in the source-drain metal layer 503.
[0059] In one embodiment, the organic light-emitting
diode layer 51 may include a plurality of organic light-
emitting diodes OL.
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[0060] InFIG. 3, the number of the thin film transistors ST
is one and the number of the organic light-emitting diodes
OL is one, which is for illustrative purposes and is not
intended to limit the scope of the present disclosure. The
number of the thin film transistors ST and the number of the
organic light-emitting diodes OL may be any appropriate
number, which may be determined according to various
application scenarios.

[0061] InFIG. 3, atop gate transistor (the gate is disposed
above the semiconductor portion) is illustrated, which is for
illustrative purposes and is not intended to limit the scope of
the present disclosure. The thin film transistor may have
either a top gate structure or a bottom gate structure, which
is not limited by the present disclosure and may be deter-
mined according to various application scenarios.

[0062] In one embodiment, the source-drain metal layer
503 may include the metal wire 10. That is, the metal wire
10 may be made of a same material and disposed in a same
layer as the source ST3 and the drain ST4. In the manufac-
turing process of the organic light-emitting display panel,
the same metal film layer may be etched using a mask to
simultaneously form the metal wire 10, the source ST3 and
the drain ST4 in the same manufacturing process.

[0063] In one embodiment, the material of the metal wire
10 may include the first metal, which may be metal alumi-
num. Metal aluminum has desired electrical conductivity,
ductility, and, thus, may be a desired material for fabricating
the metal wire 10. In one embodiment, the metal wire 10
may include three stacked metal layers. For example, the
metal wire may include two metal titanium layers and a
metal aluminum layer sandwiched between the two metal
titanium layers.

[0064] In one embodiment, the first insulation layer 20
may be a planarization (PLN) layer, which may be disposed
between the thin film transistor layer 50 and the organic
light-emitting diode layer 51. The planarization layer may be
made of an organic material. The planarization layer may
have a thick film layer and have a planarization effect. The
planarization layer may have a first surface facing the base
substrate 00 and an opposing second surface. In one embodi-
ment, the thin film transistor layer 50 may have a non-
uniform thickness due to the structure of the thin film
transistor layer 50. The planarization layer may cover the
thin film transistor layer 50. A distance between the oppos-
ing second surface of the planarization layer and the base
substrate 00 may be uniform, and the opposing second
surface of the planarization layer may be substantially flat,
which may provide a desired foundation for the subsequent
fabrication of the organic light-emitting diode layer 51.
[0065] FIG. 4 illustrates a circuit diagram of an exemplary
pixel circuit in an exemplary organic light-emitting display
panel consistent with disclosed embodiments of the present
disclosure. The similarities between FIG. 3 and FIG. 4 are
not repeated herein, while certain differences may be
explained.

[0066] As shown in FIG. 4, the organic light-emitting
display panel may include a plurality of pixels P, and the
pixel P may include a pixel circuit PC. FIG. 4 illustrates a
structure of one pixel P, which is for illustrative purposes,
and is not intended to limit the scope of the present disclo-
sure. The organic light-emitting display panel may include a
plurality of pixels P for implementing the display function of
the organic light-emitting display panel, i.e., for displaying
images.
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[0067] Referring to FIG. 4, the pixel circuit PC may
include an organic light-emitting diode OL, a driving tran-
sistor DT, a high-potential signal line PYDD and a low-
potential signal line PVEE. The high-potential signal line
PVDD may be electrically connected to a source of the
driving transistor DT. A drain of the driving transistor DT
may be electrically connected to an anode of the organic
light-emitting diode OL. The low-potential signal line PVEE
may be electrically connected to a cathode of the organic
light emitting diode OL. The metal wire 10 may be the
high-potential signal line PVDD. A potential on the high-
potential signal line PVDD may be higher than a potential on
the low-potential signal line PVEE. During the display stage
of the display panel, the high-potential signal line PVDD
may provide a high-potential voltage to the driving transistor
DT to drive the organic light-emitting diode OL to emit light.

[0068] In one embodiment, the pixel circuit PC may
compensate a threshold voltage of the driving transistor DT,
thereby reducing the non-uniformity display phenomenon
caused by the threshold voltage shift of the driving transistor
DT.

[0069] In one embodiment, the pixel circuit PC may also
include a first transistor T1 and a capacitive element C. A
drain of the first transistor T1 may be electrically connected
to a first node N1. A gate of the driving transistor DT may
be electrically connected to the first node N1. A first plate of
the capacitive element C may be electrically connected to
the first node, and a second plate of the capacitive element
C may be electrically connected to the anode of the organic
light-emitting diode OL.

[0070] In FIG. 4, the pixel circuit PC includes two tran-
sistors (a driving transistor DT and a first transistor T1), one
capacitor C and one light-emitting diode OL, which is for
illustrative purposes and is not intended to limit the scope of
the present disclosure. The structure of the pixel circuit PC
is not limited by the present disclosure and may be deter-
mined according to various application scenarios in practical
applications. For example, the pixel circuit may include a
plurality of transistors and one or more capacitor.

[0071] In the disclosed embodiments, the metal wire may
be the high-potential signal line PYDD. In one embodiment,
the high-potential signal lines PVDD of the plurality of
pixels P may be electrically connected to each other.

[0072] In the disclosed embodiments, metal particles may
be suppressed to be adhered to the surface of the high-
potential signal line PVDD in the region where the hollow
portion is located may be improved, such that the reliability
of the organic light-emitting display panel may be enhanced,
and the yield of the organic light-emitting display panel may
be increased.

[0073] FIG. 5 illustrates a schematic top view of an
exemplary organic light-emitting display panel consistent
with disclosed embodiments of the present disclosure, and
FIG. 6 illustrates a schematic CC'-sectional view of an
exemplary organic light-emitting display panel in FIG. 5
consistent with disclosed embodiments of the present dis-
closure. The similarities between FIG. 3 and FIG. 6 are not
repeated herein, while certain differences may be explained.

[0074] As shown in FIGS. 5-6, the organic light-emitting
display panel may include a display region ‘AA’ and a
non-display region ‘BB’ surrounding the display region
‘AA’. The hollow portion 21 may have an annular shape, and
may be located in the non-display region BB',
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[0075] In one embodiment, the first insulation layer 20
may be made of an organic material, and the structure may
be substantially loose. Outside moisture, oxygen and impu-
rities in the air may enter the interior of the organic light-
emitting display panel through the first insulation layer 20.
The hollow portion 21 having an annular shape and disposed
in the non-display region ‘BB’ may separate the first insu-
lation layer 20, and, thus, the hollow portion 21 may cut off
the transmission path for the outside moisture, oxygen and
impurities in the air to enter the display region ‘AA’.
Therefore, the outside moisture, oxygen and impurities in
the air may be prevented from entering the interior of the
organic light-emitting display panel through the first insu-
lation layer 20, and the reliability of the organic light-
emitting display panel may be further enhanced accordingly.
[0076] The non-display region ‘BB’ may include a first
barrier spacer ‘BA1’ and a second barrier spacer ‘BA2’. The
first barrier spacer ‘BA1” may be disposed around the
display region ‘AA’; and the second barrier spacer ‘BA2’
may be disposed around the first barrier spacer ‘BA1°. That
is, the first barrier spacer ‘BA1’ may be disposed between
the second barrier spacer ‘BA2’ and the display region ‘AA’.
The second barrier spacer ‘BA2’ may have a first surface
facing the base substrate 00 and an opposing second surface,
and the second barrier spacer ‘BA2’ may have a first side
arranged close to the display region ‘AA’ and an opposing
second side far away from the display region ‘AA’.

[0077] In one embodiment, the thin film encapsulation
layer 40 may cover the display region ‘AA’ and extend to a
region between the first barrier spacer ‘BA1’ and the second
barrier spacer ‘BA2’. In another embodiment, the thin film
encapsulation layer 40 may cover the display region ‘AA’
and extend to the opposing second surface of the second
barrier spacer ‘BA2’. In another embodiment, the thin film
encapsulation layer 40 may cover the display region ‘AA’
and extend to a region at the opposing second side of the
second barrier spacer ‘BA2’. The metal wire 10 may extend
from the display region ‘AA’ to the region at the second
opposing side of the second barrier spacer ‘BA2’.

[0078] In the disclosed embodiments, the first barrier
spacer ‘BA1’ and the second barrier spacer ‘BA2’ may be
disposed in the non-display region ‘BB’. The first barrier
spacer ‘BA1” and the second barrier spacer ‘BA2’ may have
a dam structure, and a cross-section of the dam structure
may have a trapezoid shape. In one embodiment, the first
insulation layer 20 may have a first surface facing the base
substrate 00 and an opposing second surface. The first
barrier spacer ‘BA1” and the second barrier spacer ‘BA2’
may be disposed on the opposing second surface of the first
insulation layer 20 and extend along a thickness direction of
the organic light-emitting display panel. In one embodiment,
the first barrier spacer ‘BA1” and the second barrier spacer
‘BA2’ may include a portion of the first insulation layer 20.
[0079] Both the first barrier spacer ‘BA1” and the second
barrier spacer ‘BA2’ may be disposed around the display
region ‘AA’, and may prevent outside moisture, oxygen and
impurities in the air from entering the display panel. In one
embodiment, the thin film encapsulation layer 40 may cover
the display region ‘AA’ and extend to the region between the
first barrier spacer ‘BA1” and the second barrier spacer
‘BA2’. In another embodiment, the thin film encapsulation
layer 40 may cover the display region ‘AA’ and extend to the
opposing second surface of the second barrier spacer ‘BA2’.
In another embodiment, the thin film encapsulation layer 40
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may cover the display region ‘AA’ and extend to the region
at the opposing second side of the second barrier spacer
‘BA2’.

[0080] The thin film encapsulation layer 40 may form an
undulating structure in the non-display region ‘BB’ under
the influence of the structures of the first barrier spacer
‘BA1’ and the second barrier spacer ‘BA2’. Accordingly, the
outside moisture, oxygen and impurities in the air may be
prevent from entering the display region ‘AA’, and, thus, the
organic light-emitting diode OL may be protected from
being eroded.

[0081] In one embodiment, when the metal wire 10 is the
high-potential signal line PVDD (i.e., when the metal wire
transmits a high-potential signal), the metal wire 10 may
supply a high-potential voltage to a plurality of pixels in the
display region. In one embodiment, the metal wire 10 may
include a first main wire 101, a second main wire 102, and
aplurality of wire traces 103. The first main wire 101 and the
second main wire 102 may be disposed on two opposing
sides of the display region ‘AA’, i.e., the two side are
opposing to each other. The plurality of wire traces 103 may
be disposed in the display region ‘AA’. The plurality of wire
traces 103 may be electrically connected to the first main
wire 101 and the second main wire 102 in the non-display
region ‘BB’, respectively.

[0082] In the disclosed embodiments, the hollow portion
may be disposed in any appropriate positions of the organic
light-emitting display panel, and certain exemplary positions
of the hollow portion will be explained in the following,
which are for illustrative purposes and are not intended to
limit the scope of the present disclosure.

[0083] FIG. 5 illustrates a schematic top view of an
exemplary organic light-emitting display panel consistent
with disclosed embodiments of the present disclosure, and
FIG. 6 illustrates a schematic CC'-sectional view of an
exemplary organic light-emitting display panel in FIG. 5
consistent with disclosed embodiments of the present dis-
closure.

[0084] As shown in FIGS. 5-6, the hollow portion 21 may
be located in the region between the first barrier spacer
‘BA1’ and the second barrier spacer ‘BA2’. The hollow
portion 21, the first barrier spacer ‘BA1’, the second barrier
spacer ‘BA2’ and the thin film encapsulation layer 40 may
cooperate to prevent outside moisture, oxygen and impuri-
ties in the air from entering the interior of the organic
light-emitting display panel through the first insulation layer
20. Therefore, the reliability of the organic light-emitting
display panel may be further enhanced.

[0085] FIG. 7 illustrates a schematic top view of another
exemplary organic light-emitting display panel consistent
with disclosed embodiments of the present disclosure, and
FIG. 8 illustrates a schematic DD'-sectional view of another
exemplary organic light-emitting display panel in FIG. 7
consistent with disclosed embodiments of the present dis-
closure. FIG. 7 follows the reference numerals in FIG. 5,
FIG. 8 follows the reference numerals in FIG. 6, and the
same or similar features are not repeated herein.

[0086] As shown in FIGS. 7-8, the hollow portion 21 may
be located in the region between the first barrier spacer
‘BA1’ and the second barrier spacer ‘BA2’ and, meanwhile,
the hollow portion 21 may be located in a region between the
first barrier spacer ‘BA1’ and the display region ‘AA’. The
hollow portion 21, the first barrier spacer ‘BA1’, the second
barrier spacer ‘BA2’ and the thin film encapsulation layer 40
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may cooperate to prevent outside moisture, oxygen and
impurities in the air from entering the interior of the organic
light-emitting display panel through the first insulation layer
20. Therefore, the reliability of the organic light-emitting
display panel may be further enhanced.

[0087] FIG. 9 illustrates a schematic top view of another
exemplary organic light-emitting display panel consistent
with disclosed embodiments of the present disclosure, and
FIG. 10 illustrates a schematic EE'-sectional view of another
exemplary organic light-emitting display panel in FIG. 9
consistent with disclosed embodiments of the present dis-
closure. FIG. 9 follows the reference numerals in FIG. 7,
FIG. 10 follows the reference numerals in FIG. 8, and the
same or similar features are not repeated herein.

[0088] As shown in FIGS. 9-10, in addition to the region
between the first barrier spacer ‘BA1” and the second barrier
spacer ‘BA2’ and the region between the first barrier spacer
‘BA1’ and the display region ‘AA’, the hollow portion 21
may also be located in the region at the opposing second side
of the second barrier spacer ‘BA2’. The opposing second
side of the second barrier spacer ‘BA2’ is the side far away
from the display region AA. The hollow portion 21, the first
barrier spacer ‘BA1’, the second barrier spacer ‘BA2’ and
the thin film encapsulation layer 40 may cooperate to
prevent outside moisture, oxygen and impurities in the air
from entering the interior of the organic light-emitting
display panel through the first insulation layer 20. Therefore,
the reliability of the organic light-emitting display panel
may be further enhanced.

[0089] In one embodiment, the hollow portion 21 may be
disposed in any one of the region between the first barrier
spacer ‘BA1’ and the second barrier spacer ‘BA2’, the
region between the first barrier spacer ‘BA1’ and the display
region ‘AA’, and the region at the opposing second side of
the second barrier spacer ‘BA2’. In another embodiment, the
hollow portion 21 may be simultaneously disposed in any
two of the region between the first barrier spacer ‘BA1’ and
the second barrier spacer ‘BA2’, the region between the first
barrier spacer ‘BA1’ and the display region ‘AA’, and the
region at the opposing second side of the second barrier
spacer ‘BA2’. In another embodiment, the hollow portion 21
may be disposed in all of the region between the first barrier
spacet ‘BA1” and the second barrier spacer ‘BA2’, the
region between the first barrier spacer ‘BA1’ and the display
region ‘AA’; and the region at the opposing second side of
the second barrier spacer ‘BA2’. That is, the hollow portion
21 may be disposed in at least one of the region between the
first barrier spacer ‘BA1” and the second barrier spacer
‘BA2’, the region between the first barrier spacer ‘BA1” and
the display region ‘AA’, and the region at the opposing
second side of the second barrier spacer ‘BA2’.

[0090] In the disclosed embodiments, the material of the
conductive portion 30 may include a conductive metal oxide
having a substantially strong oxidation. In the etching solu-
tion, the conductive metal oxide may preferentially obtain
electrons and undergo a reduction reaction with respect to
the silver ions. Therefore, the silver ions in the etching
solution may be prevented from undergoing a reduction
reaction to form the metal particles and, accordingly, the
metal particles may be suppressed to be adhered to the upper
surface 11 of the metal wire in the region where the hollow
portion 21 is located.

[0091] In one embodiment, the conductive portion 30 may
be made of at least one of indium oxide (In,O,), zinc oxide
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(ZnO), tin oxide (Sn0O,), and gallium oxide (Ga,O,). Indium
oxide, zinc oxide, tin oxide, and gallium oxide may have
substantially strong oxidation. In addition, one selected or a
combination of two selected from indium oxide, zinc oxide,
tin oxide, and gallium oxide are often used as conductive
materials in the organic light-emitting display panel, and
may be used for fabricating electrodes.

[0092] Through fabricating the conductive portion by
using at least one of indium oxide, zinc oxide, tin oxide and
gallium oxide, additional raw materials may not be intro-
duced for manufacturing the organic light-emitting display
panel, and new processes may not be developed for fabri-
cating the conductive portion. Therefore, the cost of the
organic light-emitting display panel may be reduced, and the
production efficiency may be improved.

[0093] In certain embodiments, referring to FIG. 3 and
FIG. 11, the organic light-emitting diode layer 51 may
include a plurality of organic light-emitting diodes OL. The
organic light-emitting diode OL may include an anode OL1,
a cathode OL2, and an organic light-emitting portion OL3
disposed between the anode OL1 and the cathode OL2.
When desired voltages are applied to the anode OL1 and the
cathode OL2, respectively, holes in the anode OL1 and
electrons in the cathode OL2 may be combined in the
organic light-emitting portion OL3 to generate light. In one
embodiment, different colors of light may be emitted by
configuring the materials of the organic light-emitting por-
tion OL3.

[0094] The anode OL1 may include a first sub-layer OL11,
a second sub-layer OL12 and a third sub-layer OL13 stacked
together. The materials of the first sub-layer OL11 and the
third sub-layer OL13 may include indium tin oxide (ITO),
also known as a tin-doped indium oxide, or a mixture of
indium oxide (In,0;) and tin oxide (SnO,). The indium tin
oxide may have desired electrical conductivity and may be
transparent in a thin film form. The material of the second
sub-layer OL12 may include silver. The second sub-layer
OL12 may have a desired effect of reflecting light. Portion
of light generated by the organic light-emitting portion OL3
may be emitted from the cathode OL2 under the reflection
of the second sub-layer OL12, and the organic light-emitting
display panel may have a top-emission structure.

[0095] In the manufacturing process of the organic light-
emitting display panel, in the process of patterning the anode
OL1, because the material of the second sub-layer OL12
includes silver, the etching solution may include silver ions
(Ag™). In one embodiment, the material of the metal wire 10
may include aluminum (Al). In one embodiment, the metal
wire 10 may be the high-potential signal line PVDD.
[0096] In certain embodiments, referring to FIG. 3, FIG.
11 and FIG. 12, the non-display region ‘BB’ may include a
bonding region ‘BB1’, and the bonding region ‘BB1’ may
include a plurality of conductive welding pads 15. In one
embodiment, the bonding region ‘BB1’ may be bonded with
an integrated circuit (IC), or a flexible printed circuit (FPC),
etc.

[0097] Because the metal wire 10 desires to receive a
voltage signal, the metal wire 10 may extend to the bonding
region ‘BB1’ of the organic light-emitting display panel. The
bonding region ‘BB1’ may be located in the non-display
region ‘BB’ of the display panel. The metal wire 10 may
obtain external electrical signals of the display panel through
the IC or the flexible circuit board bonded to the bonding
region ‘BB1°.
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[0098] In one embodiment, the metal wire 10 in a lower
border region may extend to other film layers by a wire-
changing method thereby avoiding the exposure of the upper
surface 11 of the metal wire through the hollow portion 21
in the first insulation layer 20. However, the design of the
wire-changing method may be substantially difficult. In
particular, a plurality of signal lines, and circuit elements
may be disposed in the non-display region ‘BB’. For
example, a side of the non-display region ‘BB’ where the
bonding region is located is often referred to the lower
border region, and the plurality of signal lines, and circuit
elements, such as demux circuit, etc., may be disposed in the
lower border region. When the metal wire 10 in the lower
border region extends to other conductive layers by the
wire-changing method, the metal wire 10 may intersect the
signal lines and circuit elements in the lower border region,
causing a short circuit. The structure of the originally
complicated lower border region may become more com-
plicated, and the design difficulty of the organic light-
emitting display panel may be increased. Therefore, the
metal wire 10 in the lower border region may not be desired
to extend to other conductive layers by the wire-changing
method.

[0099] When the hollow portion 21 has an annular shape
and is located in the non-display region ‘BB’, the issue that
the hollow portion 21 in the first insulation layer 20 exposes
the upper surface 11 of the metal wire may not be resolved
by the wire-changing method. In the disclosed embodi-
ments, the conductive portion 30 may be provided, thereby
resolving the issue that the metal particles are adhered to the
upper surface 11 of the metal wire in the region where the
hollow portion 21 is located.

[0100] In one embodiment, the conductive portion 30 and
the anode OL1 may be made of a same material. In the
manufacturing process of the organic light-emitting display
panel, the anode OL1 and the conductive portion 30 may be
simultaneously formed in a same process without introduc-
ing any additional process for manufacturing the conductive
portion 30.

[0101] In the manufacturing process of the organic light-
emitting display panel, during the process of patterning the
anode OL1, the etching solution may include silver ions
(Ag"). In one embodiment, the material of the metal wire 10
may include aluminum (Al). Aluminum (Al) may easily lose
electrons in an acid etching solution, and the chemical
reaction formula is shown in the following:

Al—=APP*43e”

[0102] The metal wire 10 may be electrically connected to
the conductive portion 30, and the work function of the
material of the conductive portion 30 may be greater than the
work function of the first metal. In the manufacturing
process of the disclosed organic light-emitting display panel,
the silver ions may easily undergo a reduction reaction on
the surface of the conductive portion 30 to form metal
particles, which are adhered to the surface of the conductive
portion 30. The chemical reaction formula for silver ions
(Ag") obtaining electrons is shown in the following:

(Formula 1).

Agt+e —Ag

[0103] In addition, because the work function of the
conductive portion is larger than the work function of metal
silver, indium oxide (In,O,) may be easier to obtain elec-
trons than silver ions (Ag*), and silver ions may be difficult
to obtain electrons. Portion of the indium oxide (In,05) may

(Formula 2).
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undergo a reduction reaction, and the chemical reaction
formula for indium oxide (In,O;) obtaining electrons is
shown in the following:

n,03+6e —2In+30, (Formula 3).
[0104] In the disclosed embodiments, the phenomenon
that the silver ions undergo a reduction reaction to form the
metal particles, which are adhered to the upper surface 11 of
the metal wire in the region where the hollow portion 21 is
located, may be suppressed. Thus, the upper surface 11 of
the metal wire may maintain a substantially smooth and flat
structure under the protection of the conductive portion 30.
Accordingly, the issues of poor flatness of the subsequently
manufactured film layers and low reliability of the organic
light-emitting display panel may be resolved, and the reli-
ability of the organic light-emitting display panel may be
improved.

[0105] FIG. 12 illustrates a schematic top view of another
exemplary organic light-emitting display panel consistent
with disclosed embodiments of the present disclosure. As
shown in FIG. 12, the conductive portion 30 may be
disposed in the non-display region ‘BB’, and may not
occupy the space of the display region ‘AA’. Therefore, the
conductive portion 30 may be prevented from affecting the
display effect of the display region ‘AA’. In one embodi-
ment, the conductive portion 30 may have a strip shape
extended along a first direction “x’. The conductive portion
30 may be disposed in a side of the display region ‘AA’, and
the side of the display region ‘AA’ may be close to the
bonding region ‘BB1°. In one embodiment, the conductive
portion 30 may overlap with the first main wire 101. The
conductive portion 30 may be formed into a strip shape with
a large area, facilitating the conductive portion 30 to suffi-
ciently undergo a reduction reaction. Therefore, the phe-
nomenon that the silver ions in the etching solution undergo
a reduction reaction to form the metal particles, which are
adhered to the upper surface 11 of the metal wire in the
region where the hollow portion 21 is located, may be
suppressed, and the reliability of the organic light-emitting
display panel may be enhanced.

[0106] In one embodiment, a shape of the organic light-
emitting display panel is rectangular, which is for illustrative
purposes and is not intended to limit the scope of the present
disclosure. In another embodiment, when the shape of the
organic light-emitting display panel is a circular, or an oval,
etc., the shape and extending direction of the conductive
portion 30 may be adaptively adjusted, which are not limited
by the present disclosure.

[0107] FIG. 13 illustrates a schematic top view of another
exemplary organic light-emitting display panel consistent
with disclosed embodiments of the present disclosure. As
shown in FIG. 13, the conductive portion 30 may include a
plurality of sub-conductive portions 301. A sub-conductive
portion 301 may overlap with the metal wire 10 in the
direction perpendicular to the base substrate 00. In one
embodiment, the sub-conductive portion 301 may overlap
with the first main wire 101. In embodiment, the sub-
conductive portion 301 may overlap with the second main
wire 102. In one embodiment, as shown in FIG. 13, the
conductive portion 30 may include the plurality of sub-
conductive portions 301. Each sub-conductive portion 301
may be physically independent of each other, and may be
electrically connected to the metal wire 10.



US 2018/0190742 Al

[0108] Through providing the plurality of sub-conductive
portions 301, the exposed film edge of the conductive
portion 30 in the etching solution may increase. On one
hand, the contact area between the conductive portion 30
and silver ions may increase, thereby facilitating the silver
ions to obtain the electrons lost by the metal wire 10 through
the conductive portion 30, and facilitating the silver ions to
form metal particles on the surface of the conductive portion
30. On the other hand, the conductive portion 30 may
promptly and sufficiently undergo a reduction reaction in the
etching solution. Thus, the phenomenon that the silver ions
in the etching solution undergo a reduction reaction to form
the metal particles, which are adhered to the upper surface
11 of the metal wire in the region where the hollow portion
21 is located, may be suppressed, and the reliability of the
organic light-emitting display panel may be enhanced.

[0109] In one embodiment, a shape of the sub-conductive
portion 301 is a rectangle, which is for illustrative purposes
and is not intended to limit the scope of the present disclo-
sure. The shape and number of the sub-conductive portions
301 are not limited by the present disclosure and may be
determined according to various application scenarios.

[0110] FIG. 14 illustrates a schematic local cross-sectional
view of another exemplary organic light-emitting display
panel consistent with disclosed embodiments of the present
disclosure. The similarities between FIG. 10 and FIG. 14 are
not repeated herein, while certain differences may be
explained.

[0111] As shown in FIG. 14, the organic light-emitting
diode layer 51 may also include a pixel defining layer 41.
The conductive portion may have a first surface facing the
base substrate 00 and an opposing second surface. The pixel
defining layer 41 may cover the opposing second surface of
the conductive portion 30. In one embodiment, the pixel
defining layer 41 may include an opening region, and at least
a portion of the organic light-emitting diode OL may be
disposed in the opening region. The pixel defining layer 41
covering the opposing second surface of the conductive
portion 30 may protect the conductive portion 30 from being
etched or damaged during the subsequent manufacturing
process of the organic light-emitting display panel.

[0112] In one embodiment, referring to FIG. 14, the con-
ductive portion 30 may be disposed on the opposing second
surface of the first insulation layer 20. The first insulation
layer 20 may include a first through-hole 201. The conduc-
tive portion 30 may be electrically connected to the metal
wire 10 through the first through-hole 201.

[0113] The present disclosure also provides a display
device. The display device may include any one of the
disclosed organic light-emitting display panels.

[0114] FIG. 15 illustrates a schematic diagram of an
exemplary display device consistent with disclosed embodi-
ments of the present disclosure. Referring to FIG. 15, the
display device 100 may include any one of the disclosed
organic light-emitting display panels 100a. FIG. 15 illus-
trates the display device 100 using a mobile phone, which is
for illustrative purposes and is not intended to limit the scope
of the present disclosure. The disclosed display device may
be any other display device with a display function, such as
a computer, a television, a car display device, etc., and is not
limited by the present disclosure. The disclosed display
device may have the features of the disclosed organic
light-emitting display panel. Details may be referred to the
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corresponding description of the disclosed organic light-
emitting display panel, and are not repeated herein.

[0115] The present disclosure also provides an organic
light-emitting display motherboard.

[0116] FIG. 16 illustrates a schematic top view of an
exemplary organic light-emitting display motherboard con-
sistent with disclosed embodiments of the present disclo-
sure, and FIG. 17 illustrates a schematic FF'-sectional view
of an exemplary organic light-emitting display motherboard
in FIG. 16 consistent with disclosed embodiments of the
present disclosure. Referring to FIG. 16 and FIG. 17, the
organic light-emitting display motherboard may include a
mother base substrate 200, a metal wire 10 disposed on the
mother base substrate 200, a first insulation layer 20 and a
conductive portion 30. In particular, the metal wire 10 may
have a first surface facing the mother base substrate 200 and
an opposing second surface. The opposing second surface of
the metal wire 10 may be an upper surface 11 of the metal
wire. The material of the metal wire 10 may include a first
metal. The first insulation layer 20 may cover the upper
surface 11 of the metal wire. The first insulation layer 20
may include at least one hollow portion 21, and the at least
one hollow portion 21 may penetrate through the first
insulation layer 20 along a thickness direction of the first
insulation layer 20, and expose a portion of the upper surface
11 of the metal wire 10. The conductive portion 30 may not
overlap with the hollow portion 21 along a direction per-
pendicular to the mother base substrate 200. The conductive
portion 30 may be electrically connected to the metal wire
10.

[0117] The work function of a material of the conductive
portion 30 may be G1, the work function of metal silver may
be G2, and the work function of the first metal may be G3,
where G1>G2>G3. The organic light-emitting display moth-
erboard may include a plurality of sub-display panel regions
100A, and the conductive portion 30 may be disposed in a
region other than the sub-display panel regions 100A.
[0118] The disclosed organic light-emitting display moth-
erboard may include the plurality of sub-display panel
regions 100A. After the organic light-emitting display moth-
erboard is manufactured, a plurality of organic light-emit-
ting display panels may be obtained by cutting the regions
other than the sub-display panel regions 100A through a
cutting process.

[0119] Referring to FIG. 16, one organic light-emitting
display motherboard includes four sub-display panel regions
100A for, which is for illustrative purposes and is not
intended to limit the scope of the present disclosure. After
the organic light-emitting display motherboard is manufac-
tured, four organic light-emitting display panels may be
obtained through a cutting process. In an actual production
application, one organic light-emitting display motherboard
may include five or more sub-display panel regions 100A,
which is not limited by the present disclosure and may be
determined according to various application scenarios.
[0120] In the disclosed embodiments, the mother base
substrate 200 may be a hard substrate. For example, the
mother base substrate 200 may be made of a glass material.
In another embodiment, the mother base substrate 200 may
be a flexible substrate. For example, the mother base sub-
strate 200 may be made of a resin material. The material of
the mother base substrate 200 is not limited by the present
disclosure and may be determined according to various
application scenarios.
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[0121] The metal wire 10 may be disposed on the mother
base substrate 200. Any appropriate films may be disposed
between the metal wire 10 and the mother base substrate
200, which are not limited by the present disclosure. The
material of the metal wire 10 may include a meta having
desired electrical conductivity. The metal wire 10 may be
configured to transmit an electrical signal. For example, the
material of the metal wire 10 may include one type of metal,
or two or more types of metal, etc. The specific metal
material of the metal wire 10 and the function of the
electrical signal transmitted by the metal wire 10 are not
limited by the present disclosure and may be determined
according to various application scenarios.

[0122] The first insulation layer 20 may cover the upper
surface 11 of the metal wire. The first insulation layer 20
may have an insulating function and may prevent the metal
wire 10 from electrical leakage. The first insulation layer 20
may protect the metal wire 10 from being damaged in
subsequent manufacturing process of the organic light-
emitting display panel. The first insulation layer 20 may be
made of an organic material or an inorganic material, which
is not limited by the present disclosure and may be detet-
mined according to various application scenarios.

[0123] The first insulation layer 20 may include at least
one hollow portion 21 penetrating through the first insula-
tion layer 20 along the thickness direction of the first
insulation layer 20 and exposing a portion of the upper
surface 11 of the metal wire. In the subsequent manufactur-
ing process of the organic light-emitting display mother-
board, the upper surface 11 of the metal wire in the region
where the hollow portion 21 is located may not be protected
by the first insulation layer 20 and, thus, may be exposed in
the acid etching solution. In the acid etching solution, the
first metal in the material of the metal wire 10 may easily
lose electrons and become the first metal cations.

[0124] The organic light-emitting display motherboard
may include a plurality of film layer structures. Portion of
the material of the film layer structures may include metal
silver. When patterning the film layer structures containing
a metal material using an acid etching solution, the etching
solution may include silver ions.

[0125] To suppress the phenomenon that the silver ions
form metal particles on the upper surface 11 of the metal
wire in the region where the hollow portion 21 is located, in
the disclosed embodiments, the conductive portion 30,
which is electrically connected to the metal wire 10, may be
provided.

[0126] The reasons why the conductive portion 30 may be
able to resolve the issue that the silver ions form metal
particles on the upper surface 11 of the metal wire in the
region where the hollow portion 21 is located may be
referred to the foregoing description in the disclosed
embodiments, and are not repeated herein.

[0127] In the disclosed embodiments, the conductive por-
tion 30 may be provided and, thus, the upper surface 11 of
the metal wire may maintain a substantially smooth and flat
structure under the protection of the conductive portion 30.
Accordingly, the issues of poor flatness of the subsequently
manufactured film layers may be resolved, and the reliability
of the organic light-emitting display panel may be improved.
[0128] In addition, the conductive portion 30 may not
overlap with the hollow portion 21 along a direction ‘z’
perpendicular to the mother base substrate 200. That is, the
conductive portion 30 may be disposed in a region other than

Jul. 5,2018

the hollow portion 21, without damaging the hollow struc-
ture of the first insulation layer 20 and without affecting the
structural design requirements of the organic light-emitting
display motherboard.

[0129] In one embodiment, the sub-display panel region
100A may include a display region ‘AA’ and a non-display
region ‘BB’. The hollow portion 21 may have an annular
shape and may be disposed in the non-display region ‘BB’.
In one embodiment, the non-display region ‘BB’ may
include a first barrier spacer ‘BA1’ and a second barrier
spacer ‘BA2’. The first barrier spacer ‘BA1’ may be dis-
posed around the display region ‘AA’, and the second barrier
spacer ‘BA2’ may be disposed around the first barrier spacer
‘BAY’. In one embodiment, the metal wire 10 may be a
high-potential signal line PYDD, and the metal wire 10 may
supply a high-potential voltage to a plurality of pixels in the
display region.

[0130] The metal wire 10 may include a first main wire
101, a second main wire 102, and a plurality of wire traces
103. The first main wire 101 and the second main wire 102
may be disposed on two sides of the display region ‘AA’
opposing to each other. The plurality of wire traces 103 may
be disposed in the display region ‘AA’. The plurality of wire
traces 103 may be electrically connected to the first main
wire 101 and the second main wire 102 in the non-display
region ‘BB’. In one embodiment, the hollow portion 21 may
be disposed in a region between the first barrier spacer
‘BA1" and the display region ‘AA’.

[0131] In the disclosed embodiments, the conductive por-
tion 30 may be disposed in a region other than the sub-
display panel regions 100A. In the cutting process, the
conductive portion 30 may be cut away. The organic light-
emitting display panel obtained by cutting may not include
the conductive portion 30, and the structural design of the
organic light-emitting display panel may not be affected.

[0132] Referring to FIGS. 16-17, the conductive portion
30 may include a plurality of sub-conductive portions 301.
The sub-conductive portions 301 may overlap with the metal
wire 10 in the direction perpendicular to the mother base
substrate 200. In one embodiment, the exposed film edge of
the conductive portion 30 in the etching solution may
increase by providing the plurality of sub-conductive por-
tions 301. On one hand, the contact area between the
conductive portion 30 and silver ions may increase, facili-
tating the silver ions to obtain the electrons lost by the metal
wire 10 through the conductive portion 30, and facilitating
the silver ions to form metal particles on the surface of the
conductive portion 30. On the other hand, the conductive
portion 30 may promptly and sufficiently undergo a reduc-
tion reaction in the etching solution. Therefore, the phenom-
enon that the silver ions in the etching solution undergo a
reduction reaction to form the metal particles, which are
adhered to the upper surface 11 of the metal wire in the
region where the hollow portion 21 is located, may be
resolved, and the reliability of the organic light-emitting
display motherboard may be improved.

[0133] In the disclosed organic light-emitting display
panel, the display device and the organic light-emitting
display motherboard, the first insulation layer may cover the
upper surface of the metal wire. The first insulation layer
may include at least one hollow portion penetrating through
the first insulation layer along the thickness direction of the
first insulation layer and exposing portion of the upper
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surface of the metal wire. In addition, the conductive por-
tion, which is electrically connected to the metal wire, may
be provided.

[0134] The work function of the material of the conductive
portion may be larger than the work function of metal silver,
such that the silver ions in the etching solution may be
difficult to undergo a reduction reaction to form the metal
particles, which are adhered to the upper surface of the metal
wire in the region where the hollow portion is located.
Because the work function of the conductive portion is
larger than the work function of the material of the metal
wire, the silver ions may easily undergo a reduction reaction
on the surface of the conductive portion to form metal
particles, which are adhered to the surface of the conductive
portion. Therefore, the upper surface of the metal wire may
maintain a substantially smooth and flat structure, thereby
avoiding the precipitation of the metal particles. Accord-
ingly, the reliability of the organic light-emitting display
panel may be improved, the process yield of the organic
light-emitting display panel may be greatly improved, and
the production cost may be reduced, facilitating to promote
large-scale production and industrial applications of the
organic light-emitting display panel.

[0135] The description of the disclosed embodiments is
provided to illustrate the present disclosure to those skilled
in the art. modifications to these embodiments will be
readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other embodi-
ments without departing from the spirit or scope of the
disclosure. Thus, the present disclosure is not intended to be
limited to the embodiments shown herein but is to be
accorded the widest scope consistent with the principles and
features disclosed herein.

What is claimed is:
1. An organic light-emitting display panel, comprising:
a base substrate;

a metal wire disposed on the base substrate, wherein the
metal wire has a first surface facing the base substrate
and an opposing second surface, the opposing second
surface is an upper surface of the metal wire, and a
material of the metal wire includes a first metal;

a first insulation layer covering the upper surface of the
metal wire, wherein the first insulation layer includes at
least one hollow portion, and the at least one hollow
portion penetrates through the first insulation layer
along a thickness direction of the first insulation layer
and exposes a portion of the upper surface of the metal
wire; and

a conductive portion disposed on the upper surface of the
metal wire, wherein along a direction perpendicular to
the base substrate, the conductive portion is not over-
lapped with the at least one hollow portion, and the
conductive portion is electrically connected to the
metal wire,

wherein a work function of a material of the conductive
portion is G1, a work function of metal silver is G2, a
work function of the first metal is G3, and G1>G2>G3.

2. The organic light-emitting display panel according to

claim 1, wherein:

the base substrate is a flexible substrate, and

the organic light-emitting display panel includes a thin
film encapsulation layer, wherein the thin film encap-
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sulation layer covers the upper surface of the metal
wire in a region where the at least one hollow portion
is located.
3. The organic light-emitting display panel according to
claim 2, further including:
a thin film transistor layer and an organic light-emitting
diode layer sequentially disposed on the base substrate,
wherein the thin film transistor layer includes a gate metal
layer, a semiconductor layer and a source-drain metal
layer.
4. The organic light-emitting display panel according to
claim 3, wherein:
the source-drain metal layer includes the metal wire.
5. The organic light-emitting display panel according to
claim 1, wherein:
the first metal includes aluminum.
6. The organic light-emitting display panel according to
claim 1, further including:
a plurality of pixels, wherein a pixel includes a pixel
circuit,
the pixel circuit includes an organic light-emitting diode,
a driving transistor, a high-potential signal line and a
low-potential signal line,
wherein the high-potential signal line is electrically con-
nected to a source of the driving transistor, a drain of
the driving transistor is electrically connected to an
anode of the organic light-emitting diode, and the
low-potential signal line is electrically connected to a
cathode of the organic light-emitting diode, and
the metal wire is the high-potential signal line.
7. The organic light-emitting display panel according to
claim 3, further including:
a display region and a non-display region,
wherein the at least one hollow portion has an annular
shape, and the at least one hollow portion is located in
the non-display region.
8. The organic light-emitting display panel according to
claim 7, wherein:
the non-display region includes a first barrier spacer and
a second barrier spacer, wherein the second barrier
spacer has a first side facing the display region and an
opposing second side far away from the display region,
the first barrier spacer is disposed around the display
region,
the second barrier spacer is disposed around the first
barrier spacet,
the thin film encapsulation layer covers the display region
and extends to the opposing second side of the second
barrier spacer, and
the metal wire extends to a region at the opposing second
side of the second barrier spacer from the display
region.
9. The organic light-emitting display panel according to
claim 8, wherein:
the at least one hollow portion is located in at least one of
a region between the first barrier spacer and the second
barrier spacer, a region between the first barrier spacer
and the display region, and a region at the opposing
second side of the second barrier spacer.
10. The organic light-emitting display panel according to
claim 3, wherein:



US 2018/0190742 Al

the organic light-emitting diode layer includes a plurality
of organic light-emitting diodes,
an organic light-emitting diode includes an anode, a
cathode, and an organic light-emitting portion disposed
between the anode and the cathode,
the anode includes a first sub-layer, a second sub-layer
and a third sub-layer stacked together, wherein mate-
rials of the first sub-layer and the third sub-layer
include indium tin oxide, and a material of the second
sub-layer includes silver, and
the conductive portion and the anode are made of a same
material.
11. The organic light-emitting display panel according to
claim 1, wherein:
the material of the conductive portion includes a conduc-
tive metal oxide, wherein the conductive metal oxide
includes at least one of indium oxide, zinc oxide, tin
oxide, and gallium oxide.
12. The organic light-emitting display panel according to
claim 7, wherein:
the conductive portion is disposed in the non-display
region.
13. The organic light-emitting display panel according to
claim 7, wherein:
the non-display region includes a bonding region, wherein
the bonding region includes a plurality of conductive
welding pads, and
the conductive portion has a strip shape extended along a
first direction and is disposed on a side of the display
region, wherein the side of the display region is close
to the bonding region.
14. The organic light-emitting display panel according to
claim 1, wherein:
the conductive portion includes a plurality of sub-con-
ductive portions, wherein a sun-conductive portion is
overlapped with the metal wire in the direction perpen-
dicular to the base substrate.
15. The organic light-emitting display panel according to
claim 3, wherein:
the conductive portion has a first surface facing the base
substrate and an opposing second surface, and
the organic light-emitting diode layer includes a pixel
defining layer, wherein the pixel defining layer includes
the opposing second surface of the conductive portion.
16. The organic light-emitting display panel according to
claim 1, wherein:
the first insulation layer has a first surface facing the base
substrate and an opposing second surface,
the conductive portion is disposed on the opposing second
surface of the first insulation layer,
the first insulation layer includes a first through-hole, and
the conductive portion is electrically connected to the
metal wire through the first through-hole.
17. The organic light-emitting display panel according to
claim 3, wherein:
the first insulation layer is a planarization layer, wherein
the planarization layer is disposed between the thin film
transistor layer and the organic light-emitting diode
layer.
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18. A display device, comprising:

an organic light-emitting display panel, including:

a base substrate,

ametal wire disposed on the base substrate, wherein the
metal wire has a first surface facing the base sub-
strate and an opposing second surface, the opposing
second surface is an upper surface of the metal wire,
and a material of the metal wire includes a first
metal,

a first insulation layer covering the upper surface of the
metal wire, wherein the first insulation layer includes
at least one hollow portion, and the at least one
hollow portion penetrates through the first insulation
layer along a thickness direction of the first insula-
tion layer and exposes a portion of the upper surface
of the metal wire, and

a conductive portion disposed on the upper surface of
the metal wire, wherein along a direction perpen-
dicular to the base substrate, the conductive portion
is not overlapped with the at least one hollow por-
tion, and the conductive portion is electrically con-
nected to the metal wire,

wherein a work function of a material of the conductive
portion is G1, a work function of metal silver is G2,
a work function of the first metal is G3, and
G1>G2>G3.

19. An organic light-emitting display motherboard, com-

prising:

a mother base substrate;

a metal wire disposed on the mother base substrate,
wherein the metal wire has a first surface facing the
mother base substrate and an opposing second surface,
the opposing second surface is an upper surface of the
metal wire, and a material of the metal wire includes a
first metal;

a first insulation layer covering the upper surface of the
metal wire, wherein the first insulation layer includes at
least one hollow portion, and the at least one hollow
portion penetrates through the first insulation layer
along a thickness direction of the first insulation layer
and exposes a portion of the upper surface of the metal
wire;

a conductive portion disposed on the upper surface of the
metal wire, wherein along a direction perpendicular to
the mother base substrate, the conductive portion is not
overlapped with the at least one hollow portion, and the
conductive portion is electrically connected to the
metal wire,

wherein a work function of a material of the conductive
portion is G1, a work function of metal silver is G2, a
work function of the first metal is G3, and G1>G2>G3;
and

a plurality of sub-display panel regions, wherein the
conductive portion is disposed in a region other than a
sub-display panel region.

20. The organic light-emitting display motherboard

according to claim 19, wherein:

the conductive portion includes a plurality of sub-con-
ductive portions, wherein a sub-conductive portion is
overlapped with the metal wire in the direction perpen-
dicular to the mother base substrate.
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