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(57) ABSTRACT

The present application discloses an organic light emitting
diode base substrate including a support substrate and a light
outcoupling layer on the support substrate for enhancing
light outcoupling efficiency of an organic light emitting
display substrate, the light outcoupling layer having a cor-
rugated surface on a side of the light outcoupling layer distal
to the support substrate. The light outcoupling layer includ-
ing a polymer material having a gradient distribution in a
direction from the corrugated surface to the support sub-
strate.
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FIG. 2
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BASE SUBSTRATE FOR ORGANIC LIGHT
EMITTING DIODE, ORGANIC LIGHT
EMITTING DISPLAY SUBSTRATE AND
APPARATUS HAVING THE SAME, AND
FABRICATING METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to Chinese Patent
Application No. 201610111585.3, filed on Feb. 29, 2016, the
contents of which are incorporated by reference in the
entirety.

TECHNICAL FIELD

[0002] The present invention relates to a base substrate for
an organic light emitting diode, an organic light emitting
display substrate and apparatus having the same, and a
fabricating method thereof.

BACKGROUND

[0003] As compared to other display devices such as
liquid crystal display (LCD) devices, the organic light
emitting diode (OLED) display devices are self-emitting
apparatuses that do not require a backlight. Having the
advantages of fast response, a wider viewing angle, high
brightness, more vivid color rendering, thinner and lighter,
they have found a wide range of applications in display field.
Typically, OLED display apparatuses may be categorized
into three types, a top-emission type OLED, a bottom-
emission type OLED, and a dual-emission type OLED.

SUMMARY

[0004] In one aspect, the present invention provides an
organic light emitting diode base substrate comprising a
support substrate; and a light outcoupling layer on the
support substrate for enhancing light outcoupling efficiency
of an organic light emitting display substrate, the light
outcoupling layer having a corrugated surface on a side of
the light outcoupling layer distal to the support substrate, the
light outcoupling layer comprising a polymer material hav-
ing a gradient distribution in a direction from the corrugated
surface to the support substrate.

[0005] Optionally, the polymer material comprises a
hydrophobic polymer material having a gradient distribution
such that a content of the hydrophobic polymer material
decreases in the direction from the corrugated surface to the
support substrate.

[0006] Optionally, the light outcoupling layer further com-
prises a hydrophilic material having a gradient distribution
such that a content of the hydrophilic material increases in
the direction from the corrugated surface to the support
substrate.

[0007] Optionally, the light outcoupling layer is a compo-
sitionally vertically segregated layer wherein the hydropho-
bic polymer material is enriched adjacent to the corrugated
surface.

[0008] Optionally, the light outcoupling layer further com-
prises a hydrophilic material enriched on a side of the light
outcoupling layer proximal to the support substrate.

[0009] Optionally, the hydrophilic material is a cross-
linked hydrophilic material, a cross-linking density of the
hydrophilic cross-linked material increases in the direction
from the corrugated surface to the support substrate.
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[0010] Optionally, the corrugated surface comprises a
plurality of corrugated protrusions spaced apart by a plural-
ity of corrugated concaved portions, a distance between two
adjacent apexes of the plurality of corrugated protrusions
being in the range of approximately 100 nm to approxi-
mately 1000 nm, and a height difference between an apex of
a corrugated protrusion and a nadir of an adjacent corrugated
concaved portion being in the range of approximately 40 nm
to approximately 120 nm.

[0011] In another aspect, the present invention provides a
method of fabricating an organic light emitting diode base
substrate comprising forming a film using a material com-
prising a polymer material and a cross-linkable material on
a support substrate; and forming a light outcoupling layer
having a corrugated surface on a side of the light outcou-
pling layer distal to the support substrate by cross-linking
the cross-linkable material in the film; the light outcoupling
layer so formed comprising the polymer material having a
gradient distribution in a direction from the corrugated
surface to the support substrate.

[0012] Optionally, the cross-linking is performed by irra-
diating light of a first wavelength on a surface of the film
distal to the support substrate.

[0013] Optionally, the cross-linking is performed by
exposing the surface of the film to the light of the first
wavelength passing through a mask plate having a pattern of
light transmissive regions, thereby forming the corrugated
surface in a selected area on the light outcoupling layer.

[0014] Optionally, the material further comprises a cross-
linking initiator, and the step of forming the film comprises
dissolving the material in a solvent.

[0015] Optionally, the solvent comprises an additive for
modifying a characteristic of the corrugated surface.

[0016] Optionally, the polymer material is a hydrophobic
polymer material and the cross-linkable material is a hydro-
philic cross-linkable material.

[0017] Optionally, the light outcoupling layer formed is a
compositionally vertically segregated layer wherein the
hydrophobic polymer material is enriched adjacent to the
corrugated surface.

[0018] Optionally, the material comprises approximately
12% by weight to approximately 15% by weight hydrophilic
polymer material.

[0019] Optionally, the film has a thickness in the range of
approximately 100 pm to approximately 500 pm.

[0020] Optionally, the film is irradiated for an irradiation
duration in the range of approximately 10 minutes to
approximately 40 minutes.

[0021] Optionally, the material comprises a fluorinated
polymer and trimethyl triacrylate, and the cross-linking
initiator in a weight ratio of approximately 12:87.5:0.5, the
solvent is dichloromethane, and the cross-linking initiator is
2-methyl-4' (methylthio)-2-morpholinopropiophenone.
[0022] Optionally, the solvent comprises an additive for
modifying a characteristic of the corrugated surface, and the
additive is methanol.

[0023] In another aspect, the present invention provides a
method of fabricating an organic light emitting display
substrate comprising forming an organic light emitting diode
base substrate according to a method described herein, and
forming array of a plurality of pixels on the base substrate,
each of the plurality of pixels comprising at least a subpixel,
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each subpixel comprising an organic light emitting diode on
a side of the corrugated surface in a subpixel region distal to
the support substrate.

[0024] Optionally, the light outcoupling layer in each
subpixel region has a corrugated surface and a non-corru-
gated surface, the non-corrugated surface surrounding the
corrugated surface.

[0025] Optionally, the corrugated surface in each subpixel
region is formed to have an area that is approximately 60%
to approximately 90% of an area of each subpixel region.

[0026] in another aspect, the present invention provides an
organic light emitting display substrate comprising a base
substrate described herein or fabricated by a method
described herein; and an array of a plurality of pixels on the
base substrate, each of the plurality of pixels comprising at
least a subpixel, each subpixel comprising an organic light
emitting diode on a side of the corrugated surface in a
subpixel region distal to the support substrate.

[0027] Optionally, the light outcoupling layer in each
subpixel region has a corrugated surface and a non-corru-
gated surface, the non-corrugated surface surrounding the
corrugated surface.

[0028] Optionally, the corrugated surface in the subpixel
region has an area that is approximately 60% to approxi-
mately 90% of an area of each subpixel region.

[0029] Inanother aspect, the present invention provides an
organic light emitting display apparatus comprising an
organic light emitting display substrate described herein.

BRIEF DESCRIPTION OF THE FIGURES

[0030] The following drawings are merely examples for
illustrative purposes according to various disclosed embodi-
ments and are not intended to limit the scope of the present
invention.

[0031] FIG. 1 is a diagram illustrating the structure of an
organic light emitting display substrate in some embodi-
ments.

[0032] FIG. 2 is a diagram illustrating the structure of a
base substrate for an organic light emitting diode in some
embodiments.

[0033] FIG. 3 is an atomic force microscopy image of a
corrugated surface of a light outcoupling layer in some
embodiments.

[0034] FIGS. 4A-D are atomic force microscopy images
of corrugated surfaces of various light outcoupling layers in
some embodiments.

[0035] FIGS. 5A-B are atomic force microscopy images
of corrugated surfaces of various light outcoupling layers in
some embodiments.

[0036] FIG. 6 shows current efficiency-luminance curves
in a convention OLED apparatus (control) and an OLED
display apparatus having a base substrate with a corrugated
surface in some embodiments.

[0037] FIGS. 7-9 illustrates a process of fabricating a base
substrate in some embodiments.

DETAILED DESCRIPTION

[0038] The disclosure will now describe more specifically
with reference to the following embodiments. It is to be
noted that the following descriptions of some embodiments
are presented herein for purpose of illustration and descrip-
tion only. It is not intended to be exhaustive or to be limited
to the precise form disclosed.
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[0039] Conventional top-emission type OLEDs have low
light outcoupling efficiencies, typically around 20%.
Approximately 80% of the emitted light in conventional
top-emission type OLEDs is lost at various interfaces such
as a substrate-ambient medium interface, layers interface,
the cathode layer interface, etc. For example, light may be
trapped in a surface plasmon polariton mode, i.e., the lost
light is trapped at a surface of a cathode layer. Similarly,
light may be trapped in a waveguide mode, i.e., the lost light
1s trapped within layers of the OLED or the substrate. Light
trapped via these modes needs to be extracted to improve the
efficiency of the OLED:s.

[0040] Conventional surface corrugation techniques such
as electron beam, holographic lithography, and nano-imprint
lithography, are not suitable for OLED applications because
these techniques are expensive and incapable of generating
regular patterns. The possibility of using polymeric materi-
als for making light outcoupling layer having a corrugated
surface has been explored in the present disclosure. It was
discovered in the present disclosure that a corrugated surface
(e.g., having a buckled pattern) formed by a regular polymer
or resin is not suitable for OLED application because the
buckled pattern is typically too large for any meaningful
light extraction, e.g., the size and/or spacing of the protru-
sions on the corrugated surface are too large for any effective
light extraction. It was also discovered in the present dis-
closure a corrugated surface generated by lateral phase
separation of cross-linkable materials is not suitable for
OLED applications because the surface corrugation cannot
be limited to a selected area. Thus, in an OLED having such
a light outcoupling layer, light escapes from the edge of the
corrugated surface, resulting in a significant pixel blurring
effect of the OLED.

[0041] The present disclosure is directed to, inter alia, a
base substrate for an organic light emitting diode, an organic
light emitting display substrate and apparatus having the
same, and a fabricating method thereof that substantially
obviates one or more of the problems due to limitations and
disadvantages of the related art. In one aspect, the present
disclosure provides a base substrate for an organic light
emitting diode having a first electrode layer, a light emitting
layer, and a second electrode layer sequentially stacked
together. The base substrate includes a support substrate; and
a light outcoupling layer on the support substrate, the light
outcoupling layer having a corrugated surface on a side of
the light outcoupling layer distal to the support substrate.
Optionally, the light outcoupling layer includes a polymer
material having a gradient distribution in a direction from
the corrugated surface to the support substrate (e.g., vertical
phase segregation). For example, the surface portion of the
corrugated surface has a greater content of the polymer
material, and the content of the polymer material gradually
decreases in the direction from the corrugated surface to the
support substrate. Optionally, the light outcoupling layer
includes a hydrophilic material. Optionally, the hydrophilic
material is a hydrophilic cross-linked material. Optionally,
the polymer material is a hydrophobic polymer material.
Optionally, the light outcoupling layer includes a hydropho-
bic polymer material and a hydrophilic cross-linked mate-
rial. Optionally, the light outcoupling layer is a composi-
tionally vertically segregated layer wherein the hydrophobic
polymer material is enriched adjacent to the corrugated
surface. Optionally, the light outcoupling layer is a compo-
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sitionally vertically segregated layer wherein the hydro-
philic cross-linked material is enriched adjacent to the
support substrate.

[0042] In some embodiments, the light outcoupling layer
includes a hydrophobic polymer material and a hydrophilic
material. Optionally, the hydrophobic polymer material is a
hydrophobic block co-polymer material. The hydrophilic
material may be, for example, a hydrophilic cross-linked
material generated from a cross-linkable monomer such as a
hydrophilic acrylate cross-linker. Optionally, the hydrophilic
material is a hydrophilic cross-linked material generated
from a cross-linkable material such as a hydrophilic cross-
linked pre-polymer or polymer resin.

[0043] Optionally, the light outcoupling layer includes a
hydrophobic polymer material having a gradient distribution
such that a content of the hydrophobic polymer material
decreases in the direction from the corrugated surface to the
support substrate, and the hydrophilic material has a gradi-
ent distribution such that a content of the hydrophilic
material increases in the direction from the corrugated
surface to the support substrate.

[0044] Optionally, the light outcoupling layer is a compo-
sitionally vertically segregated layer wherein the hydropho-
bic polymer material is enriched adjacent to the corrugated
surface, and the hydrophilic material is enriched on a side of
the light outcoupling layer proximal to the support substrate.
[0045] Optionally, a cross-linking density of the hydro-
philic cross-linked material decreases in the direction from
the corrugated surface to the support substrate. Optionally,
the hydrophobic polymer material has a gradient distribution
such that a content of the hydrophobic polymer material
decreases in the direction from the corrugated surface to the
support substrate, and the cross-linking density of the hydro-
philic cross-linked material decreases in the direction from
the corrugated surface to the support substrate.

[0046] In some embodiments, the light outcoupling layer
includes a top layer and a bottom layer. Optionally, the top
layer and the bottom layer are vertically segregated. The top
layer mainly includes the hydrophobic polymer material.
The hydrophobic polymer material in the top layer has a
gradient distribution such that a content of the hydrophobic
polymer material decreases in the direction from the corru-
gated surface to the support substrate. The bottom layer
mainly includes a hydrophilic cross-linked material. A cross-
linking density of the hydrophilic cross-linked material
varies in the direction from the corrugated surface to the
support substrate. Optionally, the cross-linking density of
the hydrophilic cross-linked material increases in the direc-
tion from the corrugated surface to the support substrate.
[0047] In another aspect, the present disclosure provides
an organic light emitting display substrate having a base
substrate described herein. The organic light emitting dis-
play substrate further includes an array of a plurality of
pixels on the base substrate, each of the plurality of pixels
having at least a subpixel, each subpixel having an organic
light emitting diode in a subpixel region. Optionally, the
organic light emitting diode includes a first electrode layer
on the base substrate; a light emitting layer on a side of the
first electrode layer distal to the base substrate; and a second
electrode layer on a side of the light emitting layer distal to
the first electrode layer. Optionally, the light outcoupling
layer of the base substrate in each subpixel region has a
corrugated surface on a side of the light outcoupling layer
distal to the support substrate for enhancing light output of
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the organic light emitting display substrate. Optionally, the
organic light emitting diode in each subpixel region is on a
side of the corrugated surface in each subpixel region distal
to the support substrate. Optionally, the corrugated surface
in each subpixel region has an area smaller than an area of
each subpixel region, e.g., the light outcoupling layer in each
subpixel region has a corrugated surface and a non-corru-
gated surface, the non-corrugated surface surrounding the
corrugated surface. Optionally, the corrugated surface in
each subpixel region has an area that is approximately 60%
to approximately 90% of an area of each subpixel region.
Optionally, the organic light emitting display substrate fur-
ther includes a pixel definition layer on the base substrate
defining a plurality of subpixel regions.

[0048] As used herein, the term “corrugated surface”
refers to a non-level surface having a plurality of protrusions
and a plurality of concaved portions relative to the plurality
of protrusions. A corrugated surface may include a wide
variety of periodic or non-periodic structuration, deforma-
tion, induced roughness, undulation, texturing or the com-
bination thereof. Optionally, the plurality of corrugated
protrusions are spaced apart by the plurality of concaved
portions. Optionally, the corrugated surface in the context of
the present disclosure has a typical distance between two
adjacent apexes of the corrugated protrusions in the range of
approximately 100 nm to approximately 1000 nm. Option-
ally, the corrugated surface in the context of the present
disclosure has a typical height difference between an apex of
a corrugated protrusion and a nadir of an adjacent corrugated
concaved portion in the range of approximately 40 nm to
approximately 120 nm.

[0049] As used herein, the term “polymer material” may
refer to homopolymers or copolymers (e.g., block copoly-
mers). Optionally, the polymer material is a halogenated
polymer material. Optionally, the polymer material is a
fluorinated polymer material. Optionally, the polymer mate-
rial is a chlorinated polymer material. Optionally, the poly-
mer material is a brominated polymer material. Optionally,
the polymer material is a hydrophobic polymer material. The
term “halogenated” refers to a monomer, oligomer, or poly-
mer having at least one atom of halogen in at least one
constituent unit of the monomer, oligomer, or polymer.
Similarly, the term “fluorinated” refers to a monomer, oli-
gomer, or polymer having at least one atom of fluorine in at
least one constituent unit of the monomer, oligomer, or
polymer, the term “chlorinated” refers to a monomer, oli-
gomer, or polymer having at least one atom of chlorine in at
least one constituent unit of the monomer, oligomer, or
polymer, and the term “brominated” refers to a monomer,
oligomer, or polymer having at least one atom of bromine in
at least one constituent unit of the monomer, oligomer, or
polymer. Examples of polymer materials include, but are not
limited to, a haloalkyl substituted poly (methyl methacry-
late), e.g., a fluoroalkyl substituted poly (methyl methacry-
late), a chloroalkyl substituted poly (methyl methacrylate),
and a bromoalkyl substituted poly (methyl methacrylate),
and a haloalkyl substituted poly (n-butylacrylate), e.g., a
fluoroalky! substituted poly (n-butylacrylate), a chloroalkyl
substituted poly (n-butylacrylate), and a bromoalkyl substi-
tuted poly (n-butylacrylate).

[0050] As used herein, the term “cross-linkable material”
refers to any cross-linkable monomers, oligomers, polymers,
or a combination thereof. Optionally, the cross-linkable
material is a hydrophilic cross-linkable material. Optionally,
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the hydrophilic cross-linkable material is a hydrophilic
acrylate. Examples of hydrophilic acrylates include, but are
not limited to, trimethylolpropane triacrylate (TMPTA),
poly(propylene glycol diacrylate) (PPGDA), and 2.2 Bis[4-
(AcryloxyPolyethoxy]Phenyl[Propane(FO 10 mol)
(A-BPE-10).

[0051] FIG. 1 is a diagram illustrating the structure of an
organic light emitting display substrate in some embodi-
ments. FIG. 2 is a diagram illustrating the structure of a base
substrate for an organic light emitting diode in some
embodiments. Referring to FIGS. 1 and 2, the OLED 1 in the
embodiment includes an anode 10, an organic light emitting
layer 12, and a cathode 11 disposed on a base substrate 100.
The organic light emitting layer 12 is sandwiched between
the anode 10 and the cathode 11. The base substrate 100
includes a support substrate 101, and a light outcoupling
layer 102 having a corrugated surface 20. Inclusion of a light
outcoupling layer 102 having the corrugated surface 20 on
the base substrate 100 significantly increases light outcou-
pling efficiency and external quantum efficiency of the
present OLED 1, and decreases surface plasmon polariton of
the OLED 1.

[0052] Insomeembodiments, as shown in F1G. 2, the base
substrate 100 includes a first portion A and a second portion
B. The first portion A has a corrugated surface 20, and the
second portion B has a relatively flat surface. Optionally, the
light outcoupling layer 102 is absent in the second portion B.
A projection of the first portion A on the base substrate 100
is smaller than a projection of the OLED 1 on the base
substrate 100. Accordingly, a first portion of the OLED 1 is
disposed on a side of the corrugated surface 20 distal to the
support substrate 101, and a second portion of the OLED 1
is disposed on a side of the relatively flat surface distal to the
support substrate 101. By have this design, the pixel blurring
effect of the OLED 1 may be significantly reduced.

[0053] In some embodiments, the OLED 1 further
includes a hole transport layer 13 between the anode 10 and
the organic light emitting layer 12, and an electron transport
layer 14 between the cathode 11 and the organic light
emitting layer 12.

[0054] In some embodiments, the organic light emitting
display substrate is a top-emission type organic light emit-
ting display substrate. Optionally, the anode 10 in the
top-emission type organic light emitting display substrate is
made of a reflective metal material. Examples of appropriate
reflective metal materials for making the reflective anode 10
include, but are not limited to, silver. Optionally, the cathode
11 in the top-emission type organic light emitting display
substrate is made of a transparent conductive material.
Examples of appropriate transparent conductive materials
for making the transparent cathode 11 include, but are not
limited to, zinc oxide, indium gallium oxide, indium zinc
oxide, indium titanium oxide, and indium gallium zinc
oxide.

[0055] In some embodiments, the organic light emitting
display substrate is a bottom-emission type organic light
emitting display substrate. Optionally, the anode 10 in the
bottom-emission type organic light emitting display sub-
strate is made of a transparent conductive material.
Examples of appropriate transparent conductive materials
for making the transparent anode 10 include, but are not
limited to, zinc oxide, indium gallium oxide, indium zinc
oxide, indium titanium oxide, and indium gallium zinc
oxide. Optionally, the cathode 11 in the bottom-emission
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type organic light emitting display substrate is made of a
reflective metal material. Examples of appropriate reflective
metal materials for making the reflective cathode 11 include,
but are not limited to, silver.

[0056] In some embodiments, the organic light emitting
display substrate is a dual-emission type organic light emit-
ting display substrate. Optionally, the anode 10 and the
cathode 11 are made of a transflective electrode material.
Optionally, a portion of the anode 10 is made of a reflective
metal material and another portion of anode 10 is made of
a transparent conductive material. Optionally, a portion of
the cathode 11 is made of a reflective metal material and
another portion of cathode 11 is made of a transparent
conductive material. Optionally, the base substrate 100 is a
transparent base substrate 100.

[0057] In some embodiments, the organic light emitting
display substrate further includes an encapsulation layer
103. Optionally, the encapsulation layer 103 includes an
inorganic insulating layer for insulating the OLED compo-
nents from external oxygen and moist. Examples of appro-
priate inorganic insulating materials include, but are not
limited to, silicon oxide, silicon nitride (e.g., Si;N,), silicon
oxynitride (SiON,).

[0058] In some embodiments, a portion of the OLED 1 is
disposed on a side of the corrugated surface 20 distal to the
support substrate 101. Optionally, a projection of the cor-
rugated surface 20 on the base substrate 100 has a first area,
and a projection of the OLED 1 on the base substrate 100 has
a second area, the first area being approximately 60% to
approximately 90% of the second area.

[0059] Referring to FIG. 2, the corrugated surface 20
includes a plurality of corrugated protrusions P spaced apart
by a plurality of corrugated concaved portions C. Optionally,
each corrugated concaved portion C is adjacent to at least
one (e.g., two, three, four, or more) corrugated protrusions P.
Optionally, each corrugated protrusion P is adjacent to at
least one (e.g., two, three, four, or more) corrugated con-
caved portion C. FIG. 3 is an atomic force microscopy image
of a corrugated surface of a light outcoupling layer in some
embodiments. Referring to FIG. 3, the corrugated surface
includes a plurality of corrugated protrusions spaced apart
by a plurality of corrugated concaved portions. Optionally,
the corrugated protrusions have a periodicity or pseudo
periodicity of approximately 100 nm to approximately 1000
nm, e.g., approximately 100 nm to approximately 500 nm,
approximately 500 nm to approximately 750 nm, approxi-
mately 750 nm to approximately 1000 nm, or approximately
500 nm to approximately 1000 nm. Optionally, a distance D
between two adjacent apexes of the corrugated protrusions
are in the range of approximately 100 nm to approximately
1000 nm, e.g., approximately 100 nm to approximately 500
nm, approximately 500 nm to approximately 750 nm,
approximately 750 nm to approximately 1000 nm, or
approximately 500 nm to approximately 1000 nm. Option-
ally, a height difference Ah between an apex of a corrugated
protrusion and a nadir of an adjacent corrugated concaved
portion is in the range of approximately 40 nm to approxi-
mately 120 nm, e.g., approximately 40 nm to approximately
60 nm, approximately 60 nm to approximately 80 nm,
approximately 80 nm to approximately 100 nm, approxi-
mately 100 nm to approximately 120 nm, approximately 40
nm to approximately 80 nm, or approximately 80 nm to
approximately 100 nm.
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[0060] In some embodiments, the corrugated surface 20
has a pseudo periodical pattern or non-periodical pattern.
For example, apexes of the plurality of corrugated protru-
sions are non-uniformly distributed on the corrugated sur-
face, and nadirs of the plurality of corrugated concaved
portions are non-uniformly distributed on the corrugated
surface. Optionally, distances D are non-uniform between
each pair of adjacent apexes of the plurality of corrugated
protrusions. Optionally, height differences Ah are non-uni-
form between each pair of an apex of a corrugated protrusion
and a nadir of an adjacent corrugated concaved portion.
Optionally, the distances D distribute over a certain range.
Optionally, the height differences Ah distribute over a certain
range. By having a pseudo periodical pattern or non-peri-
odical pattern, the light outcoupling layer is compatible for
emitting light of various colors. Moreover, by having a
corrugated surface 20 having a pseudo periodical pattern or
non-periodical pattern, viewing angle dependence due to
microcavity effects in a top-emission type OLED may be
reduced. Optionally, a corrugated surface having a relatively
larger distance D is used for emitting light of a relatively
longer wavelength (e.g., used in a red light emitting OLED),
as compared to a corrugated surface having a relatively
smaller distance D.

[0061] In some embodiments, the light outcoupling layer
is made by self-buckling of a mixture having a polymer
material and a cross-linkable material to form the corrugated
surface. For example, a self-bulking process may include
knife-coating (e.g., by doctor blade method) a film having a
polymer material and a cross-linkable material suitable for
cross-linking on the support substrate; and cross-linking the
cross-linkable material in the film to generate a cross-linked
material. The resulting film has a gradient distribution of the
polymer material in a direction from the corrugated surface
to the support substrate, e.g., a content of the polymer
material decreases in the direction from the corrugated
surface to the support substrate. Optionally, a cross-linking
density of the cross-linkable material gradually varies in a
direction from the corrugated surface to the support sub-
strate, e.g., the cross-linking density gradually increases in
the direction from the corrugated surface to the support
substrate. Optionally, the cross-linking is performed by
irradiating the film with light of a suitable wavelength (e.g.,
UV light). The surface portion of the film has a greater
content of the polymer material (e.g., a hydrophobic poly-
mer material). The cross-linkable material in the surface
portion of the film has a degree of cross-linking different
from that of the cross-linkable material in an interior portion
of the film, resulting in stress and strain in the film. Option-
ally, a cross-linking density of the hydrophobic cross-linked
material increases in the direction from the corrugated
surface to the support substrate. The stress and strain in the
film induces the film to expand towards its surface in order
to release the stress and strain. When the stress and strain is
released in the expanded surface, portions of the expanded
surface crimple, forming a corrugated surface. Optionally,
the cross-linking of the material in the film is induced by
light of a suitable wavelength (e.g., UV light), the surface
regions to be corrugated in the film may be easily controlled
by selectively irradiating the light only in regions corre-
sponding to the corrugated surface.

[0062] Referring to FIG. 2, the base substrate 100 includes

a support substrate 101 and a light outcoupling layer 102 on
the support substrate 101. The light outcoupling layer 102 is
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made of the mixture having the polymer material and the
cross-linkable material suitable for cross-linking. The light
outcoupling layer 102 has a corrugated surface 20 on a side
of the light outcoupling layer 102 distal to the support
substrate 101. Optionally, the OLED is disposed on a side of
the corrugated surface 20 of the light outcoupling layer 102
distal to the support substrate 101. Optionally, the cross-
linkable material suitable for cross-linking includes a cross-
linkable polymer. Optionally, the cross-linkable material
suitable for cross-linking includes a cross-linkable mono-
mer. Optionally, the support substrate 101 is a transparent
support substrate 101, e.g., a glass substrate, a quartz sub-
strate, or an organic resin substrate.

[0063] In some embodiments, the cross-linkable material
suitable for cross-linking includes a hydrophobic polymer
material and a hydrophilic cross-linkable material. Option-
ally, the light outcoupling layer is a compositionally verti-
cally segregated layer wherein the hydrophobic polymer
material is enriched adjacent to the corrugated surface.
Optionally, the light outcoupling layer is a compositionally
vertically segregated layer wherein the hydrophilic cross-
linked material is enriched adjacent to the support substrate.
Optionally, the light outcoupling layer is a compositionally
vertically segregated layer wherein the hydrophobic poly-
mer material is enriched adjacent to the corrugated surface
and the hydrophilic cross-linked material is enriched adja-
cent to the support substrate. Optionally, the hydrophobic
polymer material is enriched on a side of the light outcou-
pling layer 102 distal to the support substrate 101, e.g., on
or proximal to a surface of the light outcoupling layer 102
distal to the support substrate 101. Under the light of a
suitable wavelength (e.g., UV light), the hydrophilic cross-
linkable material in the surface portion of the light outcou-
pling layer 102 cross-links to a cross-linking degree different
from that of the hydrophilic cross-linkable material in an
interior portion of the light outcoupling layer 102, resulting
in stress and strain in the film. The hydrophilic cross-
linkable material (or hydrophilic cross-linked material) on or
proximal to the surface of the film expands towards the
surface, relative to the hydrophilic cross-linkable material
(or hydrophilic cross-linked material) in the interior portions
of the film. When the stress and strain is released in the
expanded surface, portions of the expanded surface crimple,
forming a corrugated surface 20. Optionally, the hydrophilic
cross-linkable material is TMPTA. Optionally, the hydro-
phobic polymer material is a fluorinated polymer.

[0064] The periodicity or pseudo periodicity of the corru-
gated surface 20 varies depending on the magnitude of stress
and strain as well as several other factors. In some embodi-
ments, apexes of the plurality of corrugated protrusions are
non-uniformly distributed on the corrugated surface, and
nadirs of the plurality of corrugated concaved portions are
non-uniformly distributed on the corrugated surface.
Optionally, distances D (D is a distance between two adja-
cent apexes of the corrugated protrusions) are non-uniform
between each pair of adjacent apexes of the plurality of
corrugated protrusions. Optionally, height differences Ah
(Ah is a height difference between an apex of a corrugated
protrusion and a nadir of an adjacent corrugated concaved
portion) are non-uniform between each pair of an apex of a
corrugated protrusion and a nadir of an adjacent corrugated
concaved portion. Optionally, the distances D distribute over
a certain range. Optionally, the height differences Ah dis-
tribute over a certain range. Accordingly, the corrugated
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surface 20 has a pseudo periodical or non-periodical pattern.
By having a pseudo periodical or non-periodical pattern, the
light outcoupling layer 102 is compatible for emitting light
of various colors. Moreover, by having a corrugated surface
20 having a pseudo periodical or non-periodical pattern,
viewing angle dependence due to microcavity effects in a
top-emission type OLED may be reduced. Optionally, the
distance D between two adjacent apexes of the corrugated
protrusions has a value in the range of approximately 100
nm to approximately 1000 nm. Optionally, the height dif-
ference Ah between an apex of a corrugated protrusion and
a nadir of an adjacent corrugated concaved portion has a
value in the range of approximately 40 nm to approximately
120 nm.

[0065] In a process of fabricating the base substrate 100,
cross-linking of the cross-linkable material in the film may
be induced by light of a suitable wavelength (e.g., UV light).
The cross-linking of the cross-linkable material in the film
produces a self-buckled structure leading to the corrugated
surface 20 in the light outcoupling layer 102. In some
embodiments, a mask plate may be used for selectively
irradiating a selected region of the film, thus selectively
controlling a region of the film in which the cross-linkable
material is to be cross-linked. By selectively irradiating the
light only in regions corresponding to the corrugated sur-
face, a corrugated surface 20 in a selected portion of the base
substrate 100 may be formed. Optionally, a projection of the
corrugated surface 20 on the base substrate 100 has a first
area, and a projection of the OLED on the base substrate 100
has a second area, the first area being approximately 60% to
approximately 90% of the second area.

[0066] Accordingly, the present disclosure provides a dis-
play substrate, e.g., an OLED display substrate having a
plurality of pixels. Each pixel includes at least one subpixel.
Each subpixel includes a subpixel region and an inter-
subpixel region. In some embodiments, the OLED display
substrate includes a pixel definition layer on the base sub-
strate for defining a plurality of subpixel regions. An OLED
is disposed in each of the plurality of subpixel regions on the
base substrate. In each subpixel region, the base substrate
has a corrugated surface, on which the OLED is disposed.
By using a base substrate having a corrugated surface, light
outcoupling efficiency of the OLED may be significantly
increased.

[0067] As used herein, a subpixel region refers to a light
emission region of a subpixel, such as a region correspond-
ing to a light emissive layer in an organic light emitting
display. Optionally, a pixel may include a number of sepa-
rate light emission regions corresponding to a number of
subpixels in the pixel. Optionally, the subpixel region is a
light emission region of a red color subpixel. Optionally, the
subpixel region is a light emission region of a green color
subpixel. Optionally, the subpixel region is a light emission
region of a blue color subpixel. Optionally, the subpixel
region is a light emission region of a white color subpixel.
As used herein, an inter-subpixel region refers to a region
between adjacent subpixel regions, such as a region corre-
sponding a pixel definition layer in an organic light emitting
display. Optionally, the inter-subpixel region is a region
between adjacent subpixel regions in a same pixel. Option-
ally, the inter-subpixel region is a region between two
adjacent subpixel regions from two adjacent pixels. Option-
ally, the inter-subpixel region is a region between a subpixel
region of a red color subpixel and a subpixel region of an
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adjacent green color subpixel. Optionally, the inter-subpixel
region is a region between a subpixel region of a red color
subpixel and a subpixel region of an adjacent blue color
subpixel. Optionally, the inter-subpixel region is a region
between a subpixel region of a green color subpixel and a
subpixel region of an adjacent blue color subpixel.

[0068] In some embodiments, the corrugated surface in
each subpixel has an area smaller than that of a subpixel
region in the subpixel, which is substantially the same as an
area of a projection of the OLED on the base substrate.
Optionally, only a portion of the OLED is disposed on the
corrugated surface, e.g., the light outcoupling layer in each
subpixel region has a corrugated surface and a non-corru-
gated surface, the non-corrugated surface surrounding the
corrugated surface. Optionally, the corrugated surface is
formed in a central portion of the base substrate, and the
peripheral portion of the base substrate has a relatively flat
surface. Optionally, the light outcoupling layer is substan-
tially absent in the peripheral portion. By having this design,
pixel blurring effect due to light scattering and escaping
from edges of the corrugated surface may be prevented, and
viewing angle dependence due to microcavity effects in a
top-emission type OLED may be reduced. Optionally, the
corrugated surface in each subpixel has an area that is
approximately 60% to approximately 90% (e.g., approxi-
mately 60% to approximately 70%, approximately 70% to
approximately 80%, or approximately 80% to approxi-
mately 90%) of that of the subpixel region in the subpixel for
preventing pixel blurring effect and increasing light outcou-
pling efliciency of the OLED.

[0069] In some embodiments, the base substrate of the
present OLED display substrate includes a support substrate
and a light outcoupling layer on the support substrate. At
least a portion of the base substrate has a corrugated surface.
Optionally, the OLED 1is disposed on a side of the light
outcoupling layer distal to the support substrate. Optionally,
the light outcoupling layer is made of a material including a
polymer material and a cross-linkable material suitable for
cross-linking, The light outcoupling layer having a corru-
gated surface on a side of the light outcoupling layer distal
to the support substrate is formed by cross-linking the
material in the film. The light outcoupling layer so formed
includes a polymer material having a gradient distribution in
a direction from the corrugated surface to the support
substrate. Optionally, the corrugated surface is formed by
cross-linking the cross-linkable material by irradiating the
cross-linkable material with light of a suitable wavelength
(e.g., UV light), e.g., by exposing the surface of the film to
the light of the first wavelength passing through a mask plate
having a pattern of light transmissive regions, thereby form-
ing the corrugated surface in a selected area on the light
outcoupling layer.

[0070] In another aspect, the present disclosure provides a
display apparatus having a display substrate described
herein. As compared to the conventional OLED display
apparatus, the present display apparatus has the advantages
of enhanced image display brightness, lower power con-
sumption, reduced image blurring, as well as reduced view-
ing angle dependence (due to microcavity effects in a
top-emission type OLED).

[0071] FIG. 6 shows current efficiency-luminance curves
in a convention OLED display apparatus (“Control”) and an
OLED display apparatus having a base substrate with a
corrugated surface in some embodiments (“Corrugated”).
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Referring to FIG. 6, the present OLED display apparatus has
an enhanced current efficient as compared to the convention
OLED display apparatus. Thus, power consumption of the
present OLED display apparatus may be reduced.

[0072] In another aspect, the present disclosure provides a
method of fabricating an OLED display substrate. In some
embodiments, the method includes forming a base substrate;
and forming an OLED on the base substrate. Optionally, the
step of forming the base substrate includes forming a
corrugated surface on the base substrate. Optionally, the step
of forming the OLED on the base substrate includes forming
the OLED on the corrugated surface of the base substrate.
An OLED display substrate fabricated according to the
present method has an enhanced light outcoupling effi-
ciency.

[0073] Optionally, a projection of the corrugated surface
on the base substrate is smaller than a projection of the
OLED on the base substrate. By having this design, pixel
blurring effect may be prevented in an OLED display
apparatus having an OLED display substrate fabricated
according to the present method. Optionally, the light out-
coupling layer in each subpixel region has a corrugated
surface and a non-corrugated surface, the non-corrugated
surface surrounding the corrugated surface.

[0074] In some embodiments, the step of forming the base
substrate includes forming a film made of a material having
a polymer material and a cross-linkable material suitable for
cross-linking on a support substrate; forming a light outcou-
pling layer having a corrugated surface on a side of the light
outcoupling layer distal to the support substrate by cross-
linking the cross-linkable material in the film. The light
outcoupling layer so formed includes a polymer material
having a gradient distribution in a direction from the cor-
rugated surface to the support substrate. Optionally, the
cross-linking is a gradient cross-linking wherein a degree of
cross-linking of the cross-linkable material increases in the
direction from the corrugated surface to the support sub-
strate. The cross-linking may be performed by, e.g., irradi-
ating a surface on a side of the film distal to the support
substrate with light of a first wavelength thereby forming a
light outcoupling layer having a corrugated surface. Option-
ally, only a portion of the film is irradiated by the light of the
first wavelength. Optionally, the step of cross-linking
includes exposing the film to the light of the first wavelength
passing through a mask plate having a pattern of light
transmissive regions thereby forming the corrugated surface
in a selected area on the light outcoupling layer.

[0075] Various appropriate gradient cross-linking methods
may be used to generate the cross-linked material. Examples
of appropriate gradient cross-linking methods include, but
are not limited to, cross-linking by irradiation and glutaral-
dehyde vapor deposition. Alternatively, the cross-linking
may be performed by a non-gradient cross-linking method.
For example, the cross-linking may be initiated by heat, pH,
or by addition of chemicals such as peroxide.

[0076] The present fabricating method provides a conve-
nient way of making a partially corrugated surface on the
base substrate using a mask plate. The present method is cost
effective and processable for OLED display apparatus
manufacturing.

[0077] Optionally, the cross-linkable material suitable for
cross-linking includes a polymer. Optionally, the cross-
linkable material suitable for cross-linking includes a mono-
met.
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[0078] In some embodiments, the film is made by a
cross-linkable material suitable for cross-linking and a
cross-linking initiator for initiating cross-linking. Option-
ally, the cross-linkable material is dissolved in a solvent for
making the film. Corrugated surfaces having various char-
acteristics (e.g., periodicity) may be obtained by adjusting
the compositions of the cross-linkable material, e.g., a
relative ratio of various components of the cross-linkable
material, or by including an additive in the solvent.

[0079] In some embodiments, the characteristics of the
corrugated surface may be modified by adjusting various
parameters such as thickness of the film, irradiation duration
of the light of the first wavelength, and irradiation atmo-
sphere. Optionally, the thickness of the film is in the range
of approximately 100 pm to approximately 500 um. Option-
ally, the irradiation duration is in the range of approximately
5 minutes to approximately 40 minutes. Optionally, the
irradiation atmosphere is ambient atmosphere or an inert gas
atmosphere.

[0080] Optionally, the characteristics of the corrugated
surface includes periodicity of the corrugated surface.
Optionally, the characteristics of the corrugated surface
includes roughness of the corrugated surface. Optionally, the
characteristics of the corrugated surface includes a distance
between two adjacent apexes of the corrugated protrusions.
Optionally, the characteristics of the corrugated surface
includes a height difference between an apex of a corrugated
protrusion and a nadir of an adjacent corrugated concaved
portion.

[0081] In some embodiments, the cross-linkable material
suitable for cross-linking includes a hydrophobic polymer
material and a hydrophilic cross-linkable material. The
cross-linked material so formed includes a hydrophobic
polymer material having a gradient distribution such that a
content of the hydrophobic polymer material decreases in
the direction from the corrugated surface to the support
substrate. Optionally, when irradiated by the light of the first
wavelength, the hydrophilic cross-linkable material on the
surface portion of the light outcoupling layer has a degree of
cross-linking different from that of the hydrophilic cross-
linkable material in an interior portion of the light outcou-
pling layer. Optionally, a cross-linking density of the hydro-
philic cross-linked material increases in the direction from
the corrugated surface to the support substrate. Optionally,
the gradient distribution of the hydrophobic polymer mate-
rial in the film may be achieved, in part, due to the interface
energy between the hydrophilic cross-linkable material and
air. The hydrophobic material self-assembles at the interface
between the hydrophilic cross-linkable material and air
because of its lower surface energy, thereby forming the
vertically segregated layer. Optionally, the cross-linking
density of the hydrophilic cross-linked material increases in
the direction from the corrugated surface to the support
substrate.

[0082] Optionally, the material for forming the corrugated
surface is a mixture including a hydrophobic polymer mate-
rial and a hydrophilic cross-linkable material. Optionally,
the mixture is dissolved in dichloromethane. Optionally, the
mixture is dissolved in a solvent including dichloromethane
and methanol. The characteristics of the corrugated surface
may be modified by adjusting a relative ratio of dichlo-
romethane to methanol in the solvent. The characteristics of
the corrugated surface may also be modified by adjusting a
percentage (e.g., by weight) of the hydrophobic polymer
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material. Optionally, the mixture includes approximately
12% by weight to approximately 15% by weight hydropho-
bic polymer material.

[0083] Insome embodiments, the material for forming the
corrugated surface is a mixture including a fluorinated
polymer, TMPTA, and a cross-linking initiator. The fluori-
nated polymer is used as the polymer material in the
mixture, and TMPTA is the hydrophilic cross-linkable mate-
rial. Optionally, the mixture is dissolved in dichloromethane.
Optionally, the fluorinated polymer, TMPTA, and the cross-
linking initiator in the mixture has a weight ratio of approxi-
mately 12:87.5:0.5. Optionally, the cross-linking initiator is
a photoinitiator. Optionally, the photoinitiator is 2-methyl-4'
(methylthio)-2-morpholinopropiophenone. In one specific
example, 10 grams of a mixture of the fluorinated polymer,
TMPTA, and the cross-linking initiator is dissolved in 20 ml
dichloromethane.

[0084] FIGS. 7-9 illustrates a process of fabricating a base
substrate in some embodiments. Referring to FIG. 7, the
material for forming the corrugated surface is coated (e.g.,
knife-coated by doctor-blade method) on a support substrate
101 to form a film 104. Optionally, the film is formed to have
a thickness in the range of approximately 100 um to approxi-
mately 500 um. The support substrate 101 having the film
104 is then heated at approximately 60 degrees Celsius for
approximately 10 minutes to evaporate the solvent in the
film 104.

[0085] Referring to FIG. 8, the film is irradiated with UV
light having a wavelength of 365 nm passing through a mask
plate 200 for approximately 30 minutes. The mask plate 20
has a pattern of a plurality of light transmissive regions.
Under the UV light, the photoinitiator initiates the cross-
linking of TMPTA, resulting in cross-linking of TMPTA in
the exposed regions of the film. The process generates a light
outcoupling layer 102 having a corrugated surface 20 in the
exposed regions. The light outcoupling layer 102 is then
cured by heating. As shown in FIG. 8, each light transmis-
sive region of the mask plate corresponds to a corrugated
surface 20. Using the mask plate having a pattern of a
plurality of light transmissive regions, a plurality of OLEDs
may be formed on a same support substrate, each OLED is
disposed on a corrugated surface 20. The cross-linked mate-
rial in the light outcoupling layer includes a fluorinated
polymer having a gradient distribution such that a content of
the fluorinated polymer decreases in the direction from the
corrugated surface to the support substrate.

[0086] Referring to FIG. 9, the film in the unexposed
regions (i.e., the portions of the film in which the cross-
linkable material is substantially not cross-linked) is
removed, e.g., by wet etching.

[0087] FIGS. 4A-D are atomic force microscopy images
of corrugated surfaces of various light outcoupling layers in
some embodiments. The film in FIG. 4A has a thickness of
approximately 40 um, and is made of a mixture having
approximately 12% by weight fluorinated polymer. The film
in FIG. 4B has a thickness of approximately 60 um, and is
made of a mixture having approximately 12% by weight
fluorinated polymer. The film in FIG. 4C has a thickness of
approximately 40 pum, and is made of a mixture having
approximately 15% by weight fluorinated polymer. The film
in FIG. 4D has a thickness of approximately 60 pum, and is
made of a mixture having approximately 15% by weight
fluorinated polymer. As shown in FIGS. 4A-D, the charac-
teristics of the corrugated surfaces of the light outcoupling
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layers may be modified by the percentage by weight of the
fluorinated polymer and the thickness of the film. For
example, the distribution density of the corrugated protru-
sions and corrugated concaved portions may be increased by
increasing the weight percentage of the fluorinated polymer,
e.g., a spacing among the corrugated protrusions may be
decreased by increasing the weight percentage of the fluo-
rinated polymer (comparing FIG. 4A with 4C or comparing
FIG. 4B with 4D). Similarly, the sizes of the corrugated
protrusions may be increased by increasing the thickness of
the film (comparing FI1G. 4A with 4B or comparing FIG. 4B
with 4D).

[0088] The light outcoupling layer may be made of any
appropriate thickness. Optionally, the light outcoupling
layer has a thickness in the range of approximately 40 nm to
approximately 400 nm, e.g., approximately 40 nm to
approximately 100 nm, approximately 100 nm to approxi-
mately 200 nm, approximately 200 nm to approximately 300
nm, and approximately 300 nm to approximately 400 nm.

[0089] In some embodiments, the material for making the
light outcoupling layer is a mixture including a fluorinated
polymer, TMPTA, and a cross-linking initiator. The fluori-
nated polymer is used as the polymer material in the
mixture, and TMPTA is the hydrophilic cross-linkable mate-
rial. In one example, the mixture is dissolved in a solvent
including dichloromethane and methanol. Optionally, the
fluorinated polymer, TMPTA, and the cross-linking initiator
in the mixture has a weight ratio of approximately 12:87.5:
0.5. Optionally, the cross-linking initiator is a photoinitiator.
Optionally, the photoinitiator is 2-methyl-4' (methylthio)-2-
morpholinopropiophenone. Optionally, the solvent includes
methanol and dichloromethane in a volume ratio of 1:9. In
one specific example, 10 grams of a mixture of the fluori-
nated polymer, TMPTA, and the cross-linking initiator is
dissolved in 20 ml solvent.

[0090] Referring to FIG. 7, the material for making the
light outcoupling layer is coated (e.g., knife-coated by
doctor-blade method) on a support substrate 101 to form a
film 104. Optionally, the film is formed to have a thickness
in the range of approximately 100 um to approximately 500
wm. The support substrate 101 having the film 104 is then
heated at approximately 60 degrees Celsius for approxi-
mately 10 minutes to evaporate the solvent in the film 104.
[0091] Referring to FIG. 8, the film is irradiated with UV
light having a wavelength of 365 nm passing through a mask
plate 200 for approximately 30 minutes. The mask plate 20
has a pattern of a plurality of light transmissive regions.
Under the UV light, the photoinitiator initiates the cross-
linking of TMPTA, resulting in cross-linking of TMPTA in
the exposed regions of the film. The process generates a light
outcoupling layer 102 having a corrugated surface 20 in the
exposed regions. The light outcoupling layer 102 is then
cured by heating. As shown in FIG. 8, each light transmis-
sive region of the mask plate corresponds to a corrugated
surface 20. Using the mask plate having a pattern of a
plurality of light transmissive regions, a plurality of OLEDs
may be formed on a same support substrate, each OLED is
disposed on a corrugated surface 20. The cross-linked mate-
rial in the light outcoupling layer includes a fluorinated
polymer having a gradient distribution such that a content of
the fluorinated polymer decreases in the direction from the
corrugated surface to the support substrate.

[0092] Referring to FIG. 9, the film in the unexposed
regions (i.e., the portions of the film in which the cross-
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linkable material is substantially not cross-linked) is
removed, e.g., by wet etching.

[0093] FIGS. 5A-B are atomic force microscopy images
of corrugated surfaces of various light outcoupling layers in
some embodiments. The film in FIG. 5A has a thickness of
approximately 40 um, and is made of a mixture having
approximately 15% by weight fluorinated polymer. The film
in FIG. 5B has a thickness of approximately 60 yum, and is
made of a mixture having approximately 15% by weight
fluorinated polymer. As shown in FIGS. 5A-B, the charac-
teristics of the corrugated surfaces of the light outcoupling
layers are affected by the thickness of the film. For example,
the sizes of the corrugated protrusions may be increased by
increasing the thickness of the film (comparing FI1G. 5A with
5B or comparing FIG. 4B with 4D).

[0094] Insome embodiments, the thickness of the film 104
is controlled by using a transparent tape. As shown in FIG.
7, a transparent tape 30 is secured around the support
substrate 101, forming a barrier having a thickness. The
thickness of the barrier formed by the transparent tape 30
may be adjusted for making a film 104 of a certain thickness.
[0095] In another aspect, the present disclosure provides a
method of fabricating a display substrate, which incorpo-
rates a process of making an OLED as described herein. A
display substrate fabricated according to the present method
has an enhanced current efficiency and reduced image blur-
ring.

[0096] In some embodiments, the display substrate is an
OLED display substrate. Each subpixel region of the OLED
display substrate includes an OLED. A plurality of OLEDs
in a plurality of subpixel regions are formed on a same base
substrate. Each subpixel region has a corrugated surface.
Each of the plurality of OLEDs is formed on each corrugated
surface.

[0097] The foregoing description of the embodiments of
the invention has been presented for purposes of illustration
and description. It is not intended to be exhaustive or to limit
the invention to the precise form or to exemplary embodi-
ments disclosed. Accordingly, the foregoing description
should be regarded as illustrative rather than restrictive.
Obviously, many modifications and variations will be appar-
ent to practitioners skilled in this art. The embodiments are
chosen and described in order to explain the principles of the
invention and its best mode practical application, thereby to
enable persons skilled in the art to understand the invention
for various embodiments and with various modifications as
are suited to the particular use or implementation contem-
plated. It is intended that the scope of the invention be
defined by the claims appended hereto and their equivalents
in which all terms are meant in their broadest reasonable
sense unless otherwise indicated. Therefore, the term “the
invention”, “the present invention” or the like does not
necessarily limit the claim scope to a specific embodiment,
and the reference to exemplary embodiments of the inven-
tion does not imply a limitation on the invention, and no
such limitation is to be inferred. The invention is limited
only by the spirit and scope of the appended claims. More-
over, these claims may refer to use “first”, “second”, etc.
following with noun or element. Such terms should be
understood as a nomenclature and should not be construed
as giving the limitation on the number of the elements
modified by such nomenclature unless specific number has
been given. Any advantages and benefits described may not
apply to all embodiments of the invention. It should be
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appreciated that variations may be made in the embodiments
described by persons skilled in the art without departing
from the scope of the present invention as defined by the
following claims. Moreover, no element and component in
the present disclosure is intended to be dedicated to the
public regardless of whether the element or component is
explicitly recited in the following claims.

1. An organic light emitting diode base substrate, com-
prising:

a support substrate; and

a light outcoupling layer on the support substrate for

enhancing light outcoupling efficiency of an organic
light emitting display substrate, the light outcoupling
layer having a corrugated surface on a side of the light
outcoupling layer distal to the support substrate, the
light outcoupling layer comprising a polymer material
having a gradient distribution in a direction from the
corrugated surface to the support substrate.

2. The base substrate of claim 1, wherein the polymer
material comprises a hydrophobic polymer material having
a gradient distribution such that a content of the hydrophobic
polymer material decreases in the direction from the corru-
gated surface to the support substrate.

3. The base substrate of claim 2, wherein the light
outcoupling layer further comprises a hydrophilic material
having a gradient distribution such that a content of the
hydrophilic material increases in the direction from the
corrugated surface to the support substrate.

4. The base substrate of claim 2, wherein the light
outcoupling layer is a compositionally vertically segregated
layer wherein the hydrophobic polymer material is enriched
adjacent to the corrugated surface.

5. The base substrate of claim 4, wherein the light
outcoupling layer further comprises a hydrophilic material
enriched on a side of the light outcoupling layer proximal to
the support substrate.

6. The base substrate of claim 3, wherein the hydrophilic
material is a cross-linked hydrophilic material, a cross-
linking density of the hydrophilic cross-linked material
increases in the direction from the corrugated surface to the
support substrate.

7. The base substrate of claim 1, wherein the corrugated
surface comprises a plurality of corrugated protrusions
spaced apart by a plurality of corrugated concaved portions,
a distance between two adjacent apexes of the plurality of
corrugated protrusions being in the range of approximately
100 nm to approximately 1000 nm, and a height difference
between an apex of a corrugated protrusion and a nadir of an
adjacent corrugated concaved portion being in the range of
approximately 40 nm to approximately 120 nm.

8. An organic light emitting display substrate, comprising:

a base substrate of claim 1; and

an array of a plurality of pixels on the base substrate, each

of the plurality of pixels comprising at least a subpixel,
each subpixel comprising an organic light emitting
diode on a side of the corrugated surface in a subpixel
region distal to the support substrate.

9. The organic light emitting display substrate of claim 8,
wherein the light outcoupling layer in each subpixel region
has a corrugated surface and a non-corrugated surface, the
non-corrugated surface surrounding the corrugated surface.

10. The organic light emitting display substrate of claim
8, wherein the corrugated surface in the subpixel region has



US 2018/0069197 A1l

an area that is approximately 60% to approximately 90% of
an area of each subpixel region.

11. An organic light emitting display apparatus, compris-
ing an organic light emitting display substrate of claim 8.

12. A method of fabricating an organic light emitting
diode base substrate, comprising:

forming a film using a material comprising a polymer

material and a cross-linkable material on a support
substrate; and

forming a light outcoupling layer having a corrugated

surface on a side of the light outcoupling layer distal to
the support substrate by cross-linking the cross-link-
able material in the film; the light outcoupling layer so
formed comprising the polymer material having a gra-
dient distribution in a direction from the corrugated
surface to the support substrate.

13. The method of claim 12, wherein the cross-linking is
performed by irradiating light of a first wavelength on a
surface of the film distal to the support substrate; and
exposing the surface of the film to the light of the first
wavelength passing through a mask plate having a pattern of
light transmissive regions, thereby forming the corrugated
surface in a selected area on the light outcoupling layer.

14. (canceled)

15. The method of claim 12, wherein the material further
comprises a cross-linking initiator, and the step of forming
the film comprises dissolving the material in a solvent.

16. (canceled)

17. The method of claim 12, wherein the polymer material
is a hydrophobic polymer material and the cross-linkable
material is a hydrophilic cross-linkable material; the light
outcoupling layer formed is a compositionally vertically
segregated layer wherein the hydrophobic polymer material
is enriched adjacent to the corrugated surface.

18. (canceled)
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19. The method of claim 17, wherein the material com-
prises approximately 12% by weight to approximately 15%
by weight hydrophilic polymer material; and the film has a
thickness in the range of approximately 100 um to approxi-
mately 500 pum.

20. (canceled)
21. (canceled)

22. The method of claim 15, wherein the material com-
prises a fluorinated polymer and trimethyl triacrylate, and
the cross-linking initiator in a weight ratio of approximately
12:87.5:0.5, the solvent is dichloromethane, and the cross-
linking initiator is 2-methyl-4' (methylthio)-2-morpholino-
propiophenone.

23. (canceled)

24. A method of fabricating an organic light emitting
display substrate, comprising:
forming an organic light emitting diode base substrate
according to a method of claim 12; and

forming array of a plurality of pixels on the base substrate,
each of the plurality of pixels comprising at least a
subpixel, each subpixel comprising an organic light
emitting diode on a side of the corrugated surface in a
subpixel region distal to the support substrate.

25. The method of claim 24, wherein the light outcoupling
layer in each subpixel region has a corrugated surface and a
non-corrugated surface, the non-corrugated surface sur-
rounding the corrugated surface.

26. The method of claim 24, wherein the corrugated
surface in each subpixel region is formed to have an area that
is approximately 60% to approximately 90% of an area of
each subpixel region.
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