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DISPLAY SUBSTRATE AND METHOD OF FABRICATING DISPLAY
SUBSTRATE

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to Chinese Patent Application No. 201610286520.2,

filed May 3, 2016, the contents of which are incorporated by reference in the entirety.
TECHNICAL FIELD

[0002] The present invention relates to display technology, more particularly, to a display

substrate and a method of fabricating a display substrate.
BACKGROUND

[0003] As compared to other display devices such as liquid crystal display (LCD) devices,
the organic light emitting diode (OLED) display apparatuses 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.

[0004] Typically, an OLED display apparatus includes an anode, one or more organic
functional layers and a cathode. The one or more organic functional layers typically includes
a light emitting layer (EML), and optionally one or more of a hole injection layer (HIL), a
hole transport layer (HTL), an electron transport layer (ETL), and an electrode injection layer
(EIL). When a voltage is applied between the cathode and the anode, charge carriers
(electrons and holes) are injected from the cathode and the anode into the light emitting layer.

The electrons and holes are recombined in the light emitting layer, which emits light.
SUMMARY

[0005] In one aspect, the present invention provides a method of fabricating a display
substrate, comprising forming a sacrificial layer comprising a plurality of sacrificial blocks
on a base substrate; forming a pixel definition material layer on the base substrate subsequent
to forming the sacrificial layer; and removing the sacrificial layer thereby forming a pixel
definition layer comprising a plurality of pixel definition blocks; wherein each of the plurality
of sacrificial blocks is formed to have a first side surface distal to the base substrate, a second

side surface facing the first side surface and proximal to the base substrate, and a third side
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surface connecting the first side surface and the second side surface; and an average
tangential inclination of the third side surface with respect to the second side surface is an

acute angle.

[0006] Optionally, an included angle between the third side surface and the second side

surface is an acute angle.

[0007] Optionally, the acute angle is in a range of approximately 30 degrees and

approximately 75 degrees.

[0008] Optionally, a cross-section of each of the plurality of sacrificial blocks along a plane
normal to the base substrate has a substantially trapezoidal shape; and a short base of the
trapezoidal shape is on the first side surface and a long base of the trapezoidal shape is on the

second side surface.

[0009] Optionally, each of the plurality of pixel definition blocks is formed to have a first
side surface distal to the base substrate, a second side surface facing the first side surface and
proximal to the base substrate, and a third side surface connecting the first side surface and
the second side surface; and an average tangential inclination of the third side surface with

respect to the second side surface is an obtuse angle.

[0010] Optionally, the obtuse angle is in a range of approximately 105 degrees to
approximately 150 degrees.

[0011] Optionally, a cross-section of each of the plurality of pixel definition blocks along a
plane normal to the base substrate has a substantially inverted trapezoidal shape; and a short
base of the inverted trapezoidal shape is on the second side surface and a long base of the

inverted trapezoidal shape is on the first side surface.

[0012] Optionally, a cross-section of each of the plurality of pixel definition blocks along a
plane normal to the base substrate comprises a first section proximal to the base substrate and
a second section distal to the base substrate; the first section has a substantially inverted
trapezoidal shape and a short base of the inverted trapezoidal shape is on the second side

surface; and the second section has a substantially rectangular shape.

[0013] Optionally, subsequent to removing the sacrificial layer, further comprising forming
an ink-jet printed layer comprising a plurality of ink-jet printed blocks by ink-jet printing;

wherein each of the plurality of ink-jet printed blocks is formed to have a first side surface
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distal to the base substrate, a second side surface facing the first side surface and proximal to
the base substrate, and a third side surface connecting the first side surface and the second
side surface; and an average tangential inclination of the third side surface with respect to the

second side surface is an acute angle.

[0014] Optionally, the acute angle is in a range of approximately 30 degrees and

approximately 75 degrees.

[0015] Optionally, the pixel definition material layer is formed to have a maximum
thickness along a direction normal to the base substrate smaller than or equal to that of the
sacrificial layer; and the method further comprises curing the pixel definition material layer

prior to removing the sacrificial layer.

[0016] Optionally, the pixel definition material layer is formed to have a maximum
thickness along a direction normal to the base substrate greater than that of the sacrificial
layer; each of the plurality of sacrificial blocks has a first side surface distal to the base
substrate and a second side surface facing the first side surface and proximal to the base
substrate; the pixel definition material layer is formed to have a first section covering the first
side surface of each of the plurality of sacrificial blocks and a second section outside the first
section; and the method further comprising, prior to removing the sacrificial layer, removing
at least a portion of the first section thereby exposing the sacrificial layer; and curing the
pixel definition material layer subsequent to removing at least a portion of the first section

and prior to removing the sacrificial layer.

[0017] Optionally, the sacrificial layer is made of a metal material; forming the sacrificial
layer comprises forming a metal material layer on the base substrate and patterning the metal
material layer to form the plurality of sacrificial blocks; and removing the sacrificial layer

comprises etching the plurality of sacrificial blocks using a wet etchant.

[0018] Optionally, the wet etchant comprises one or a combination of etchants selected

from the group consisting of hydrochloric acid, nitric acid, and phosphoric acid.

[0019] Optionally, the metal material layer is made of one or a combination of metals

selected from the group consisting of molybdenum, aluminum, and silver.

[0020] Optionally, each of the plurality of sacrificial blocks is formed to have a shape
selected form the group consisting of a truncated rectangular pyramid shape, a truncated

square pyramid shape, and a truncated cone shape.
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[0021] In another aspect, the present invention provides a display substrate comprising a
base substrate; and a pixel definition layer comprising a plurality of pixel definition blocks on
the base substrate; wherein each of the plurality of pixel definition blocks has a first side
surface distal to the base substrate, a second side surface facing the first side surface and
proximal to the base substrate, and a third side surface connecting the first side surface and
the second side surface; and an average tangential inclination of the third side surface with

respect to the second side surface is an obtuse angle.

[0022] Optionally, the obtuse angle is in a range of approximately 105 degrees to
approximately 150 degrees.

[0023] Optionally, a cross-section of each of the plurality of pixel definition blocks along a
plane normal to the base substrate has a substantially inverted trapezoidal shape; and a short
base of the inverted trapezoidal shape is on the second side surface and a long base of the

inverted trapezoidal shape is on the first side surface.

[0024] Optionally, a cross-section of each of the plurality of pixel definition blocks along a
plane normal to the base substrate comprises a first section proximal to the base substrate and
a second section distal to the base substrate; the first section has a substantially inverted
trapezoidal shape and a short base of the inverted trapezoidal shape is on the second side

surface; and the second section has a substantially rectangular shape.

[0025] Optionally, the display substrate further comprises an ink-jet printed layer
comprising a plurality of ink-jet printed blocks in a subpixel region of the display substrate;
wherein each of the plurality of ink-jet printed blocks has a first side surface distal to the base
substrate, a second side surface facing the first side surface and proximal to the base substrate,
and a third side surface connecting the first side surface and the second side surface; an
average tangential inclination of the third side surface with respect to the second side surface

is an acute angle.

[0026] Optionally, the acute angle is in a range of approximately 30 degrees and

approximately 75 degrees.

[0027] Optionally, a cross-section of each of the plurality of ink-jet printed blocks along a
plane normal to the base substrate has a substantially trapezoidal shape; and a short base of
the trapezoidal shape is on the first side surface and a long base of the trapezoidal shape is on

the second side surface.
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[0028] Optionally, the ink-jet printed layer comprises an organic light emitting material;
and the display substrate is an array substrate.

[0029] Optionally, the ink-jet printed layer is a color filter layer; and the display substrate is

a color filter substrate.

[0030] Optionally, the pixel definition layer comprises a resin material; and the display

substrate is an array substrate.

[0031] Optionally, the pixel definition layer comprises a resin material and a black pigment;

and the display substrate is a color filter substrate.

[0032] In another aspect, the present invention provides a display apparatus comprising a

display substrate described herein.
BRIEF DESCRIPTION OF THE FIGURES

[0033] The following drawings are merely examples for illustrative purposes according to
various disclosed embodiments and are not intended to limit the scope of the present

invention.

[0034] FIG. 1 is a schematic diagram illustrating the structure of a conventional display

substrate having a pixel definition layer.

[0035] FIG. 2 is a flow chart illustrating a method of fabricating a display substrate in some

embodiments according to the present disclosure.

[0036] FIG. 3A is a schematic diagram illustrating the structure of a sacrificial layer

formed on a display substrate in some embodiments according to the present disclosure.
[0037] FIG. 3B is a cross-sectional view along the A-A’ line in FIG. 3A.

[0038] FIGs. 4A-4C illustrate a process of fabricating a display substrate in some

embodiments according to the present disclosure.

[0039] FIGs. SA-5C illustrate a process of fabricating a display substrate in some

embodiments according to the present disclosure.

[0040] FIGs. 6A-6C illustrate a process of fabricating a display substrate in some

embodiments according to the present disclosure.
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[0041] FIG. 7 illustrates a process of forming a sacrificial layer in some embodiments

according to the present disclosure.
DETAILED DESCRIPTION

[0042] The disclosure will now be described 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 description only. It is not

intended to be exhaustive or to be limited to the precise form disclosed.

[0043] FIG. 1 is a schematic diagram illustrating the structure of a conventional display
substrate having a pixel definition layer. Referring to FIG. 1, the display substrate includes
an organic light emitting layer 20 in the subpixel region 101. The organic light emitting layer
20 may be formed by an ink jet printing method. Specifically, a pixel definition layer 10 is
formed on a base substrate thereby defining the subpixel region 101, and subsequently an ink
material is dispensed into the subpixel region 101 thereby forming the organic light emitting
layer 20. It was discovered in the present disclosure that the ink solution dispensed into the
subpixel region 101 often climbs up along the side walls of the pixel definition layer. When
the ink material is dried, the organic light emitting layer 20 formed by this method has an
uneven thickness distribution. For example, the peripheral portion of the organic light
emitting layer 20 may have a greater thickness than the central portion of the organic light
emitting layer 20. This results in uneven brightness distribution of light emission in the

display panel having the conventional display substrate, adversely affecting display quality.

[0044] Accordingly, the present invention provides, inter alia, a display substrate and a
method of fabricating a display substrate that substantially obviate one or more of the
problems due to limitations and disadvantages of the related art. In one aspect, the present
disclosure provides a method of fabricating a display substrate. In some embodiments, the
method includes forming a sacrificial layer comprising a plurality of sacrificial blocks on a
base substrate; forming a pixel definition material layer on the base substrate subsequent to
forming the sacrificial layer; and removing the sacrificial layer thereby forming a pixel
definition layer comprising a plurality of pixel definition blocks. Optionally, each of the
plurality of sacrificial blocks is formed to have a first side surface distal to the base substrate,
a second side surface facing the first side surface and proximal to the base substrate, and a

third side surface connecting the first side surface and the second side surface. Optionally, an
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average tangential inclination of the third side surface with respect to the second side surface

is an acute angle.

[0045] FIG. 2 is a flow chart illustrating a method of fabricating a display substrate in some
embodiments according to the present disclosure. Referring to FIG. 2, the method in some
embodiments includes providing a base substrate having a pre-designated ink-jet printing
region; forming a sacrificial layer in the pre-designated ink-jet printing region; forming a
pixel definition layer on the base substrate having the sacrificial layer; removing the
sacrificial layer; and ink-jet printing an ink-jet printed layer in the pre-designated ink-jet

printing region.

[0046] In some embodiments, the pre-designated ink-jet printing region corresponds to the
subpixel region of a display substrate, and the pixel definition layer is in a region

corresponding to the inter-subpixel region of a display substrate.

[0047] As used herein, a subpixel region refers to a light emission region of a subpixel,
such as a region corresponding to a pixel electrode in a liquid crystal display, or a region
corresponding to a light emissive layer in an organic light emitting diode display panel, or a
region corresponding to the ink-jet printed layer according to the present disclosure.
Optionally, a pixel may include a number of separate 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.

[0048] As used herein, an inter-subpixel region refers to a region between adjacent subpixel
regions, such as a region corresponding to a black matrix in a liquid crystal display, a region
corresponding a pixel definition layer in an organic light emitting diode display panel, or the
pixel definition layer according to the present disclosure. Optionally, the inter-subpixel
region is a region between adjacent subpixel regions in a same pixel. Optionally, the inter-
subpixel region is a region between two adjacent subpixel regions from two adjacent pixels.
Optionally, the inter-subpixel region is a region between a subpixel region of a red color
subpixel and a subpixel region of an 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
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between a subpixel region of a green color subpixel and a subpixel region of an adjacent blue

color subpixel.

[0049] FIG. 3A is a schematic diagram illustrating the structure of a sacrificial layer
formed on a display substrate in some embodiments according to the present disclosure.
Referring to FIG. 3A, the base substrate 01 includes a plurality of pre-designated ink-jet
printing region 40 in a matrix form. Optionally, each pre-designated ink-jet printing region
40 corresponds to a subpixel region. A sacrificial layer having a plurality of sacrificial blocks
21 is formed on the base substrate 01, each sacrificial block 21 being formed in a pre-

designated ink-jet printing region 40.

[0050] FIG. 3B is a cross-sectional view along the A-A’ line in FIG. 3A. Referring to FIG.
3B, each of the plurality of sacrificial blocks 21 includes a central portion P1 and a peripheral
portion P2 surrounding the central portion P1, a thickness of the peripheral portion P2 along a
direction normal to the base substrate 01 decreases along a direction from the central portion
P1 toward the peripheral portion P2. Optionally, each sacrificial block 21 has a first side
surface A1 distal to the base substrate 01 and a second side surface A2 facing the first side
surface A2 and proximal to the base substrate 01. Optionally, the first side surface A1l and
the second side surface A2 are substantially parallel to each other. An area of the first side
surface A1 is less than an area of the second side surface A2. Optionally, each of the
plurality of sacrificial blocks 21 has a third side surface A3 connecting the first side surface
A1 and the second side surface A2, an average tangential inclination of the third side surface
A3 with respect to the second side surface A2 is an acute angle a. Optionally, an included
angle between the third side surface A3 and the second side surface A2 is an acute angle a.
Optionally, the acute angle a is in a range of approximately 30 degrees and approximately 75
degrees. Optionally, an average tangential inclination of the third side surface A3 with
respect to the first side surface A1l is an obtuse angle. Optionally, an included angle between
the third side surface A3 and the first side surface Al is an obtuse angle. Optionally, the
obtuse angle is in a range of approximately 105 degrees to approximately 150 degrees.
Optionally, each of the plurality of sacrificial blocks 21 has a shape selected form the group
consisting of a truncated rectangular pyramid shape, a truncated square pyramid shape, and a

truncated cone shape.

[0051] Referring to FIG. 3B, in some embodiments, a cross-section of each of the plurality

of sacrificial blocks 21 along a plane normal to the base substrate O1 has a substantially
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trapezoidal shape. A short base of the trapezoidal shape is on the first side surface Al and a

long base of the trapezoidal shape is on the second side surface A2.

[0052] In some embodiments, the base substrate 01 includes a transparent substrate 11 and
optionally a thin film 12 on the transparent substrate 11. Optionally, the base substrate 01 is
a base substrate in an organic light emitting display panel, and the thin film 12 is made of a
transparent conductive material such as indium tin oxide. Optionally, the thin film 12 is an

anode of the organic light emitting display panel.

[0053] Subsequent to forming the sacrificial layer, the method in some embodiments
further includes forming a pixel definition layer. FIGs. 4A-4B illustrate a process of
fabricating a display substrate in some embodiments according to the present disclosure.
Referring to FIG. 4A, the step of forming the pixel definition layer includes forming a pixel

definition material layer 24 on the base substrate 01.

[0054] In some embodiments, the display substrate is an array substrate, and the pixel
definition layer functions to separate adjacent subpixels in the array substrate. Optionally,
the pixel definition material layer 24 is made of a resin material. In some embodiments, the
display substrate is a color filter substrate. Optionally, the pixel definition material layer 24
is made of a resin material and further includes a black pigment. Optionally, the pixel
definition layer in the color filter substrate functions as a black matrix. Examples of

appropriate resin materials include, but are not limited to, an epoxy resin.

[0055] In some embodiments, the step of forming the pixel definition layer further includes
removing the sacrificial layer thereby forming a pixel definition layer including a plurality of
pixel definition blocks. Referring to FIG. 4B, subsequent to removing the sacrificial layer, a
pixel definition layer including a plurality of pixel definition blocks 10 is formed on the base
substrate 01. Each of the plurality of pixel definition blocks 10 includes a central portion P1°
and a peripheral portion P2’ surrounding the central portion P1°. A thickness of the
peripheral portion P1’ along a direction normal to the base substrate 01 decreases along a
direction from the central portion P1’ toward the peripheral portion P2’. Optionally, each of
the plurality of pixel definition blocks 10 has a first side surface A1’ distal to the base
substrate 01 and a second side surface A2’ facing the first side surface A1’ and proximal to
the base substrate 01, an area of the second side surface A2’ being less than an area of the
first side surface A1°. Optionally, the first side surface A1’ and the second side surface A2’
are substantially parallel to each other. Optionally, each of the plurality of pixel definition
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blocks 10 has a third side surface A3’ connecting the first side surface A1’ and the second
side surface A2’, and an average tangential inclination of the third side surface A3’ with
respect to the second side surface A2’ is an obtuse angle o’. Optionally, an included angle
between the third side surface A3’ and the second side surface A2’ is an obtuse angle o’.
Optionally, the obtuse angle o’ is in a range of approximately 105 degrees to approximately
150 degrees. Optionally, an average tangential inclination of the third side surface A3’ with
respect to the first side surface A1’ is an acute angle. Optionally, an included angle between
the third side surface A3’ and the first side surface A1’ is an acute angle. Optionally, the

acute angle is in a range of approximately 30 degrees and approximately 75 degrees.

[0056] Referring to FIG. 4B, in some embodiments, a cross-section of each of the plurality
of pixel definition blocks 10 along a plane normal to the base substrate 01 has a substantially
inverted trapezoidal shape. A short base of the inverted trapezoidal shape is on the second
side surface A2’ and a long base of the inverted trapezoidal shape is on the first side surface

Al

[0057] Subsequent to removing the sacrificial layer, the method in some embodiments
further includes forming an ink-jet printed layer by ink-jet printing. Referring to FIG. 4B, the
ink-jet printed layer includes a plurality of ink-jet printed blocks 23. FIG. 4C is a zoom-in
view of an ink-jet printed block 23. Referring to FIG. 4C, each of the plurality of ink-jet
printed blocks 23 includes a central portion P1°” and a peripheral portion P2’ surrounding
the central portion P1°°. A thickness of the peripheral portion P2’ along a direction normal
to the base substrate decreases along a direction from the central portion P1°° toward the
peripheral portion P2’’. Moreover, each of the plurality of ink-jet printed blocks 23 has a
first side surface A1’ distal to the base substrate and a second side surface A2’ facing the
first side surface A1’ and proximal to the base substrate. An area of the first side surface
A1 is less than an area of the second side surface A2’ Optionally, the first side surface
A1’ and the second side surface A2’ are substantially parallel to each other. Optionally,
each of the plurality of ink-jet printed blocks 23 has a third side surface A3’’ connecting the
first side surface A1’” and the second side surface A2’’. An average tangential inclination of
the third side surface A3’’ with respect to the second side surface A2’ is an acute angle o”’.
An included angle between the third side surface A3’ and the second side surface A2’ is an
acute angle a’’. Optionally, the acute angle o’’ is in a range of approximately 30 degrees and
approximately 75 degrees. Optionally, an average tangential inclination of the third side

surface A3”” with respect to the first side surface A1’ is an obtuse angle. Optionally, an

10
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included angle between the third side surface A3’ and the first side surface A1’ is an obtuse
angle. Optionally, the obtuse angle is in a range of approximately 105 degrees to

approximately 150 degrees.
[0058] Optionally, a, o’, and o’ are substantially the same.

[0059] Optionally, the sacrificial layer and the ink-jet printed layer are formed in a subpixel
region of the display substrate.

[0060] In some embodiments, the display substrate is an array substrate, and the pixel
definition layer functions to separate adjacent subpixels in the array substrate. Optionally,
the ink-jet printed layer includes an organic light emitting material for forming an organic
light emitting layer. In some embodiments, the display substrate is a color filter substrate.
Optionally, the pixel definition layer in the color filter substrate functions as a black matrix.
Optionally, the ink-jet printed layer is a color filter layer, e.g., a red color filter layer, a green

color filter layer, a blue color filter layer.

[0061] In some embodiments, the average tangential inclination of the third side surface A3
with respect to the second side surface A2 is an acute angle a. Optionally, the included angle
between the third side surface A3 and the second side surface A2 of the sacrificial layer is an
acute angle a. Referring to FIG. 4B and FIG. 4C, when the sacrificial layer is removed and
the ink-jet printed layer is formed, the third side surface A3’ of the pixel definition block 10
is in contact with the third side surface A3’ of the ink-jet printed block 23. An average
tangential inclination of the third side surface A3’ of ink-jet printed block with respect to the
base substrate 01 is substantially the same as the included angle a.. An included angle
between the third side surface A3’ of ink-jet printed block and the base substrate 01 is
substantially the same as the included angle a. By having this design, when the sacrificial
layer is removed and the ink-jet printed layer is formed, the third side surface A3’ of the pixel
definition block 10 prevents the ink in the ink-jet printed block 23 to climb up the side wall
on the third side surface A3’ of the pixel definition block 10 during the ink drying process,
thereby reducing the likelihood of forming an ink-jet printed block 23 having the central
portion thinner than the peripheral portion. An ink-jet printed block 23 having a substantially
uniform thickness may be achieved by the present method, resulting in an even brightness
distribution of light emission in the display panel having a display substrate fabricated by the

present method.

11
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[0062] Referring to FIG. 4A, the pixel definition material layer 24 in some embodiments is
formed to have a maximum thickness H1 along a direction normal to the base substrate 01
smaller than or equal to a maximum thickness H2 along a direction normal to the base
substrate 01 of the sacrificial block 21. Optionally, the method further includes curing the
pixel definition material layer 24 prior to removing the sacrificial layer. Optionally, the pixel
definition material layer 24 is made of a positive photoresist material, and the step of curing
the pixel definition material layer 24 includes heating the pixel definition material layer 24.
Optionally, the pixel definition material layer 24 is made of a negative photoresist material,
and the step of curing the pixel definition material layer 24 includes exposing the pixel
definition material layer 24. Optionally, the step of exposing the pixel definition material
layer 24 is performed using a mask plate, a light transmissive portion of the mask plate
corresponding to the pixel definition material layer 24 and a light blocking portion of the
mask plate corresponding to the sacrificial layer, thereby curing the pixel definition material

layer 24.

[0063] Subsequent to curing the pixel definition material layer 24, the sacrificial layer is
removed thereby forming the pixel definition layer. Referring to FIG. 4B, the method further

includes forming an ink-jet printed layer by ink-jet printing.

[0064] Referring to FIG. 4B and FIG. 4C, when the sacrificial layer is removed and the
ink-jet printed layer is formed, the third side surface A3’ of the pixel definition block 10
prevents the ink in the ink-jet printed block 23 to climb up the side wall on the third side
surface A3’ of the pixel definition block 10 during the ink drying process, thereby reducing
the likelihood of forming an ink-jet printed block 23 having the central portion thinner than
the peripheral portion. An ink-jet printed block 23 having a substantially uniform thickness
may be achieved by the present method, resulting in an even brightness distribution of light

emission in the display panel having a display substrate fabricated by the present method.

[0065] FIGs. SA-5C illustrate a process of fabricating a display substrate in some
embodiments according to the present disclosure. Referring to FIG. SA, the pixel definition
material layer 24 is formed to have a maximum thickness H1 along a direction normal to the
base substrate 01 greater than a maximum thickness H2 along a direction normal to the base
substrate 01 of the sacrificial layer. As shown in FIG. 5A, the pixel definition material layer
24 is formed to have a first section S1 covering the first side surface A1 of each of the

plurality of sacrificial blocks 21 and a second section S2 outside the first section S1.
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Optionally, the first section S1 is in a subpixel region of the display substrate. Optionally, the
second section S2 is in an inter-subpixel region of the display substrate. The pixel definition

material layer 24 is formed to cover the sacrificial layer.

[0066] In some embodiments, prior to removing the sacrificial layer, the method further
includes removing at least a portion of the first section S1 thereby exposing the sacrificial
layer, and curing the pixel definition material layer 24 subsequent to removing at least a
portion of the first section S1 and prior to removing the sacrificial layer. Referring to FIG.
5B, the entire first section S1 is removed thereby exposing the entire first side surface Al of

the sacrificial block 21.

[0067] In some embodiments, the pixel definition material layer 24 is made of a positive
photoresist material. Optionally, the method includes exposing at least a portion of the first
section S1 of the pixel definition material layer 24. Optionally, the step of exposing is
performed using a mask plate. Optionally, the method includes exposing the pixel definition
material layer 24 using a mask plate, a light transmissive portion of the mask plate
corresponding to the at least a portion of the first section S1 of the pixel definition material
layer 24, and a light blocking portion of the mask plate corresponding to the remaining
portion of the pixel definition material layer 24. Optionally, the method further includes
developing the exposed pixel definition material layer 24 thereby dissolving (removing) the
exposed portion of the pixel definition material layer 24. Referring to FIG. 5B, the entire
first section S1 is removed thereby exposing the entire first side surface A1 of the sacrificial
block 21. Subsequent to the exposure and development, the method further includes heating
the remaining pixel definition material layer 24 thereby curing the pixel definition material

layer 24.

[0068] In some embodiments, the pixel definition material layer 24 is made of a negative
photoresist material. Optionally, the method includes exposing the second section S2 of the
pixel definition material layer 24. Optionally, the method further includes exposing a portion
of the first section S1 of the pixel definition material layer 24. Optionally, the step of
exposing is performed using a mask plate. Optionally, the method includes exposing the
pixel definition material layer 24 using a mask plate, a light blocking portion of the mask
plate corresponding to the at least a portion of the first section S1 of the pixel definition
material layer 24, and a light transmissive portion of the mask plate corresponding to the

remaining portion of the pixel definition material layer 24. Optionally, the method further
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includes developing the exposed pixel definition material layer 24 thereby dissolving
(removing) the unexposed portion of the pixel definition material layer 24. Referring to FIG.
5B, the entire first section S1 is removed thereby exposing the entire first side surface Al of

the sacrificial block 21.

[0069] Subsequent to curing the pixel definition material layer 24, the sacrificial layer is
removed thereby forming the pixel definition layer. Referring to FIG. 5C, the method further

includes forming an ink-jet printed layer by ink-jet printing.

[0070] Referring to FIG. SC, when the sacrificial layer is removed and the ink-jet printed
layer is formed, the third side surface A3’ of the pixel definition block 10 prevents the ink in
the ink-jet printed block 23 to climb up the side wall on the third side surface A3’ of the pixel
definition block 10 during the ink drying process, thereby reducing the likelihood of forming
an ink-jet printed block 23 having the central portion thinner than the peripheral portion. An
ink-jet printed block 23 having a substantially uniform thickness may be achieved by the
present method, resulting in an even brightness distribution of light emission in the display

panel having a display substrate fabricated by the present method.

[0071] Referring to FIG. 5C, the cross-section of each of the plurality of pixel definition
blocks 10 along a plane normal to the base substrate 01 includes a first section proximal to
the base substrate 01 (bottom section) and a second section distal to the base substrate 01 (top
section). The first section has a substantially inverted trapezoidal shape, a short base of the
inverted trapezoidal shape is on the second side surface A2’. The second section has a

substantially rectangular shape.

[0072] Referring to FIG. 5C, subsequent to the removal of the sacrificial layer, a via V is
formed between adjacent pixel definition blocks 10. A cross-section of the via V along a
plane normal to the base substrate 01 includes a first section proximal to the base substrate 01
(bottom section) and a second section distal to the base substrate 01 (top section). The first
section has a substantially trapezoidal shape, a long base of the trapezoidal shape is proximal
to the base substrate 01 and a short base of the trapezoidal shape is distal to the base substrate

01. The second section has a substantially rectangular shape.

[0073] FIGs. 6A-6C illustrate a process of fabricating a display substrate in some
embodiments according to the present disclosure. Referring to FIG. 6A, the pixel definition
material layer 24 is formed to have a maximum thickness H1 along a direction normal to the

base substrate 01 greater than a maximum thickness H2 along a direction normal to the base
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substrate 01 of the sacrificial layer. As shown in FIG. 6A, the pixel definition material layer
24 is formed to have a first section S1 covering the first side surface A1 of each of the
plurality of sacrificial blocks 21 and a second section S2 outside the first section S1.
Optionally, the first section S1 is in a subpixel region of the display substrate. Optionally, the
second section S2 is in an inter-subpixel region of the display substrate. The pixel definition

material layer 24 is formed to cover the sacrificial layer.

[0074] In some embodiments, prior to removing the sacrificial layer, the method further
includes removing at least a portion of the first section S1 thereby exposing the sacrificial
layer, and curing the pixel definition material layer 24 subsequent to removing at least a
portion of the first section S1 and prior to removing the sacrificial layer. Referring to FIG.
6B, only a portion of the first section S1 is removed to expose a portion of the first side

surface Al of the sacrificial block 21.

[0075] In some embodiments, the pixel definition material layer 24 is made of a positive
photoresist material. Optionally, the method includes exposing at least a portion of the first
section S1 of the pixel definition material layer 24. Optionally, the step of exposing is
performed using a mask plate. Optionally, the method includes exposing the pixel definition
material layer 24 using a mask plate, a light transmissive portion of the mask plate
corresponding to the at least a portion of the first section S1 of the pixel definition material
layer 24, and a light blocking portion of the mask plate corresponding to the remaining
portion of the pixel definition material layer 24. Optionally, the method further includes
developing the exposed pixel definition material layer 24 thereby resolving the exposed
portion of the pixel definition material layer 24. Referring to FIG. 6B, only a portion of the
first section S1 is removed to expose a portion of the first side surface A1l of the sacrificial
block 21. Subsequent to the exposure and development, the method further includes heating
the remaining pixel definition material layer 24 thereby curing the pixel definition material

layer 24.

[0076] In some embodiments, the pixel definition material layer 24 is made of a negative
photoresist material. Optionally, the method includes exposing the second section S2 of the
pixel definition material layer 24. Optionally, the method further includes exposing the
second section S2 and a portion of the first section S1 of the pixel definition material layer 24.
Optionally, the step of exposing is performed using a mask plate. Optionally, the method

includes exposing the pixel definition material layer 24 using a mask plate, a light blocking
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portion of the mask plate corresponding to the at least a portion of the first section S1 of the
pixel definition material layer 24, and a light transmissive portion of the mask plate
corresponding to the remaining portion of the pixel definition material layer 24. Optionally,
the method further includes developing the exposed pixel definition material layer 24 thereby
dissolving (removing) the unexposed portion of the pixel definition material layer 24.
Referring to FIG. 6B, only a portion of the first section S1 is removed to expose a portion of

the first side surface A1 of the sacrificial block 21.

[0077] Subsequent to curing the pixel definition material layer 24, the sacrificial layer is
removed thereby forming the pixel definition layer. Referring to FIG. 6C, the method further

includes forming an ink-jet printed layer by ink-jet printing.

[0078] Referring to FIG. 6C, when the sacrificial layer is removed and the ink-jet printed
layer is formed, the third side surface A3’ of the pixel definition block 10 prevents the ink in
the ink-jet printed block 23 to climb up the side wall on the third side surface A3’ of the pixel
definition block 10 during the ink drying process, thereby reducing the likelihood of forming
an ink-jet printed block 23 having the central portion thinner than the peripheral portion. An
ink-jet printed block 23 having a substantially uniform thickness may be achieved by the
present method, resulting in an even brightness distribution of light emission in the display

panel having a display substrate fabricated by the present method.

[0079] Referring to FIG. 6C, the cross-section of each of the plurality of pixel definition
blocks 10 along a plane normal to the base substrate 01 includes a first section proximal to
the base substrate 01 (bottom section) and a second section distal to the base substrate 01 (top
section). The first section has a substantially inverted trapezoidal shape, a short base of the
inverted trapezoidal shape is on the second side surface A2’. The second section has a

substantially rectangular shape.

[0080] Referring to FIG. 6C, subsequent to the removal of the sacrificial layer, a via V is
formed between adjacent pixel definition blocks 10. A cross-section of the via V along a
plane normal to the base substrate 01 includes a first section proximal to the base substrate 01
(bottom section) and a second section distal to the base substrate 01 (top section). The first
section has a substantially trapezoidal shape, a long base of the trapezoidal shape is proximal
to the base substrate 01 and a short base of the trapezoidal shape is distal to the base substrate

01. The second section has a substantially rectangular shape.
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[0081] An aperture ratio of a display panel having a display substrate fabricated by the
present method may be adjusted by removing at least a portion of the first section of the pixel
definition material layer. In one example, the entire first section of the pixel definition
material layer is removed (as shown in FIG. 5B). In another example, only a portion of the
pixel definition material layer is removed (as shown in FIG. 6B). Removal of a larger portion
of the first section of the pixel definition material layer results in a greater aperture ratio. For
example, the display substrate fabricated according to the process illustrated in FIGs. SA-5C
has a greater aperture ratio than that fabricated according to the process illustrated in FIGs.

6A-6C.

[0082] Moreover, a higher aperture ratio may be achieved in a display substrate fabricated
according to the process illustrated in FIGs. SA-5C as compared to that fabricated according
to the process illustrated in FIGs. 4A-4C. In a display substrate fabricated according to the
process illustrated in FIGs. 4A-4C, the cross-section of the via formed between adjacent pixel
definition blocks 10 subsequent to the removal of the sacrificial layer has a substantially
trapezoidal shape. The width of the via gradually decrease from bottom to top, e.g., along a
direction away from the base substrate O1. In a display substrate fabricated according to the
process illustrated in FIGs. SA-5C, the cross-section of the via formed between adjacent pixel
definition blocks 10 subsequent to the removal of the sacrificial layer includes a first section
proximal to the base substrate 01 (bottom section) and a second section distal to the base
substrate 01 (top section). The first section has a substantially trapezoidal shape, a long base
of the trapezoidal shape is proximal to the base substrate 01 and a short base of the
trapezoidal shape is distal to the base substrate 01. The second section (the top section) has a
substantially rectangular shape. Because the second section has a substantially rectangular
shape, the width of the top portion of the via is larger than that of the via in a display
substrate fabricated according to the process illustrated in FIGs. 4A-4C.

[0083] In some embodiments, the display substrate is an array substrate, and the thickness
of the pixel definition material layer is greater than or equal to a sum of thicknesses of
various organic functional layers (e.g., a hole injection layer, a hole transport layer, an
organic light emitting layer, an electron transport layer, an electron injection layer). When
the thickness of the pixel definition material layer remains the same, a fabricating process
involving a pixel definition material layer having a thickness less than or equal to that of the
sacrificial layer (e.g., the process illustrated in FIGs. 4A-4C) requires a greater amount of

sacrificial layer material as compared to a fabricating process involving a pixel definition
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material layer having a thickness greater than that of the sacrificial layer (e.g., the process
illustrated in FIGs. SA-5C or FIGs. 6A-6C). Thus, a reduced fabricating cost may be
achieved by adopting a process involving a pixel definition material layer having a thickness

greater than that of the sacrificial layer.

[0084] When the pixel definition material layer is made of a positive photoresist, the step of
curing the pixel definition material layer according to the process illustrated in FIGs. 4A-4C
requires simply heating the pixel definition material layer. The step of curing the pixel
definition material layer according to the process illustrated in FIGs. SA-5C or FIGs. 6A-6C
requires exposing and developing the pixel definition material layer prior to heating the pixel
definition material layer. Thus, the process illustrated in FIGs. 4A-4C results in a simplified

fabricating process as compared to the process illustrated in FIGs. SA-5C or FIGs. 6A-6C.

[0085] In some embodiments, the sacrificial layer is made of a metal material. The step of
forming the sacrificial layer includes forming a metal material layer on the base substrate and
patterning the metal material layer to form the plurality of sacrificial blocks. Optionally, the
step of removing the sacrificial layer includes etching the sacrificial layer using a wet etchant.
FIG. 7 illustrates a process of forming a sacrificial layer in some embodiments according to
the present disclosure. Referring to FIG. 7, the method in some embodiments includes
forming a metal material layer 30 on the base substrate 01, and patterning the metal material
layer 30 to form a plurality of sacrificial blocks. Specifically, the step of patterning the metal
material layer 30 includes forming a photoresist layer on a side of the metal material layer 30
distal to the base substrate 01; exposing and developing the photoresist layer to form a
plurality of photoresist blocks 31, each of the plurality of photoresist blocks 31 corresponding
to a sacrificial block; and etching the metal material layer 30 using the plurality of photoresist
blocks 31 as a mask plate, thereby forming a plurality of sacrificial blocks (e.g., sacrificial

blocks 21 as shown in FIG. 3B).

[0086] Referring to FIG. 3B, in some embodiments, the average tangential inclination of
the third side surface A3 of the sacrificial block 21with respect to the second side surface A2
of the sacrificial block 21 (and optionally, the included angle between the third side surface
A3 and the second side surface A2 of the sacrificial block 21) is an acute angle, e.g., an acute
angle in a range of approximately 30 degrees and approximately 75 degrees. By having an
average tangential inclination (or an included angle) no more than approximately 75 degrees,

a subsequently formed pixel definition layer can prevent ink climbing up the side wall of the
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pixel definition layer more effectively. By having an average tangential inclination (or an
included angle) no less than approximately 30 degrees, a distance between adjacent subpixel
regions (e.g., subpixel regions 101 as shown in FIG. 4B) can be reduced, thereby enhancing

pixels per inch (PPI) of the display substrate.

[0087] The average tangential inclination of the third side surface A3 of the sacrificial
block 21with respect to the second side surface A2 of the sacrificial block 21 (and optionally,
included angle between the third side surface A3 and the second side surface A2 of the
sacrificial block 21) may be adjusted by controlling process variables of the fabrication
process. Referring to FIG. 7, in some embodiments, subsequent to exposing and developing
the photoresist layer to form a plurality of photoresist blocks 31, the step of patterning the
metal material layer 30 further includes heating the plurality of photoresist blocks 31 in a
heating duration. A relatively longer heating duration results in a relatively larger average
tangential inclination or included angle between the third side surface A3 and the second side
surface A2 of the sacrificial block 21, and a relatively shorter heating duration results in a
relatively smaller average tangential inclination or included angle between the third side
surface A3 and the second side surface A2 of the sacrificial block 21. In some embodiments,
the step of etching the metal material layer 30 using a wet etchant, e.g., an etching solution.
Optionally, the step of etching the metal material layer 30 to form the plurality of sacrificial
blocks 21 is performed by spraying an etchant solution onto the display substrate to etch the
metal material layer 30. Optionally, the step of etching the metal material layer 30 to form
the plurality of sacrificial blocks 21 is performed by soaking the display substrate in an
etchant solution to etch the metal material layer 30. Optionally, a relatively larger average
tangential inclination or included angle between the third side surface A3 and the second side
surface A2 of the sacrificial block 21 may be formed in a spraying etching process as

compared to that formed in a soaking etching process.

[0088] Subsequent to forming the sacrificial layer having a plurality of sacrificial blocks
and forming the pixel definition material layer, the method includes removing the plurality of
sacrificial blocks 21. Optionally, the sacrificial layer is made of a metal material, and the
step of removing the plurality of sacrificial blocks 21includes etching the plurality of
sacrificial blocks 21 using a wet etchant thereby completely removing the plurality of
sacrificial blocks 21. Optionally, the wet etchant includes one or a combination of etchants
selected from the group consisting of hydrochloric acid, nitric acid, and phosphoric acid.

Optionally, the step of etching the plurality of sacrificial blocks 21 is performed by spraying
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an etchant solution onto the display substrate to etch the plurality of sacrificial blocks 21.
Optionally, the step of etching the plurality of sacrificial blocks 21 is performed by soaking

the display substrate in an etchant solution to etch the plurality of sacrificial blocks 21.

[0089] In some embodiments, the metal material layer 30 (and the plurality of sacrificial
blocks 21) is made of one or a combination of metals selected from the group consisting of
molybdenum, aluminum, and silver. Optionally, the metal material layer 30 (and the

plurality of sacrificial blocks 21) is made of molybdenum, which has a faster etching rate.

[0090] In another aspect, the present disclosure provides a display substrate. In some
embodiments, the display substrate includes a base substrate and a pixel definition layer
having a plurality of pixel definition blocks on the base substrate. In the present display
substrate, each of the plurality of pixel definition blocks includes a central portion and a
peripheral portion surrounding the central portion, a thickness of the peripheral portion along
a direction normal to the base substrate decreases along a direction from the central portion
toward the peripheral portion. Optionally, each of the plurality of pixel definition blocks has
a first side surface distal to the base substrate and a second side surface facing the first side
surface and proximal to the base substrate, and an area of the second side surface is less than
an area of the first side surface. Optionally, the first side surface and the second side surface
are substantially parallel to each other. Optionally, each of the plurality of pixel definition
blocks has a third side surface connecting the first side surface and the second side surface,
and an average tangential inclination of the third side surface with respect to the second side
surface is an obtuse angle. Optionally, an included angle between the third side surface and
the second side surface is an obtuse angle. Optionally, the obtuse angle is in a range of
approximately 105 degrees to approximately 150 degrees. Optionally, an average tangential
inclination of the third side surface with respect to the first side surface is an acute angle.
Optionally, an included angle between the third side surface and the first side surface is an
acute angle. Optionally, the acute angle is in a range of approximately 30 degrees and
approximately 75 degrees. Optionally, a cross-section of each of the plurality of pixel
definition blocks along a plane normal to the base substrate has a substantially inverted
trapezoidal shape, a short base of the inverted trapezoidal shape is on the second side surface
and a long base of the inverted trapezoidal shape is on the first side surface. Optionally, a
cross-section of each of the plurality of pixel definition blocks along a plane normal to the
base substrate includes a first section proximal to the base substrate and a second section

distal to the base substrate, the first section has a substantially inverted trapezoidal shape and
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a short base of the inverted trapezoidal shape is on the second side surface, and the second

section has a substantially rectangular shape.

[0091]  Optionally, the display substrate is an array substrate. Optionally, the display

substrate is a color filter substrate.

[0092] In some embodiments, the display substrate further includes an ink-jet printed layer
having a plurality of ink-jet printed blocks in a subpixel region of the display substrate.
Optionally, each of the plurality of ink-jet printed blocks includes a central portion and a
peripheral portion surrounding the central portion, a thickness of the peripheral portion along
a direction normal to the base substrate decreases along a direction from the central portion
toward the peripheral portion. Optionally, each of the plurality of ink-jet printed blocks has a
first side surface distal to the base substrate and a second side surface facing the first side
surface and proximal to the base substrate, and an area of the first side surface is less than an
area of the second side surface. Optionally, the first side surface and the second side surface
are substantially parallel to each other. Optionally, each of the plurality of ink-jet printed
blocks has a third side surface connecting the first side surface and the second side surface,
an average tangential inclination of the third side surface with respect to the second side
surface is an acute angle. Optionally, an included angle between the third side surface and
the second side surface is an acute angle. Optionally, the acute angle is in a range of
approximately 30 degrees and approximately 75 degrees. Optionally, an average tangential
inclination of the third side surface with respect to the first side surface is an obtuse angle.
Optionally, an included angle between the third side surface and the first side surface is an
obtuse angle. Optionally, the obtuse angle is in a range of approximately 105 degrees to
approximately 150 degrees. Optionally, a cross-section of each of the plurality of ink-jet
printed blocks along a plane normal to the base substrate has a substantially trapezoidal shape,
and a short base of the trapezoidal shape is on the first side surface and a long base of the

trapezoidal shape is on the second side surface.

[0093] In some embodiments, the display substrate is an array substrate, and the pixel
definition layer functions to separate adjacent subpixels in the array substrate. Optionally,
the pixel definition layer is made of a resin material. In some embodiments, the display
substrate is a color filter substrate. Optionally, the pixel definition layer is made of a resin

material and further includes a black pigment. Optionally, the pixel definition layer in the
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color filter substrate functions as a black matrix. Examples of appropriate resin materials

include, but are not limited to, an epoxy resin.

[0094] In some embodiments, the display substrate includes a via between adjacent pixel
definition blocks for forming the ink-jet printed blocks. The via is at least in part defined by
the third side surfaces of adjacent pixel definition blocks and the base substrate. Optionally,
a cross-section of the via along a plane normal to the base substrate has a substantially
trapezoidal shape. Optionally, a cross-section of the via along a plane normal to the base
substrate includes a first section proximal to the base substrate (bottom section) and a second
section distal to the base substrate (top section). The first section has a substantially
trapezoidal shape, a long base of the trapezoidal shape is proximal to the base substrate and a
short base of the trapezoidal shape is distal to the base substrate. The second section has a

substantially rectangular shape.

[0095] In the present display substrate, the ink-jet printed block has a substantially uniform
thickness. As compared to a conventional display panel, a display panel having the present

display substrate has an even brightness distribution of light emission.

[0096] In another aspect, the present disclosure provides a display substrate fabricated by a

method described herein.

[0097] In another aspect, the present disclosure provides a display panel having a display

substrate described herein or fabricated by a method described herein.

[0098] In another aspect, the present disclosure provides a display apparatus having a
display panel described herein. Examples of appropriate display apparatuses includes, but are
not limited to, an electronic paper, a mobile phone, a tablet computer, a television, a monitor,

a notebook computer, a digital album, a GPS, etc.

[0099] 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 embodiments disclosed. Accordingly, the
foregoing description should be regarded as illustrative rather than restrictive. Obviously,
many modifications and variations will be apparent 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
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particular use or implementation contemplated. 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 invention 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. Moreover, these claims may

2%
2

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 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.
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WHAT IS CLAIMED IS:

1. A method of fabricating a display substrate, comprising:

forming a sacrificial layer comprising a plurality of sacrificial blocks on a base
substrate;

forming a pixel definition material layer on the base substrate subsequent to
forming the sacrificial layer; and

removing the sacrificial layer thereby forming a pixel definition layer
comprising a plurality of pixel definition blocks;

wherein each of the plurality of sacrificial blocks is formed to have a first side
surface distal to the base substrate, a second side surface facing the first side surface and
proximal to the base substrate, and a third side surface connecting the first side surface and
the second side surface; and

an average tangential inclination of the third side surface with respect to the

second side surface is an acute angle.

2. The method of claim 1, wherein an included angle between the third

side surface and the second side surface is an acute angle.

3. The method of claim 1, wherein the acute angle is in a range of

approximately 30 degrees and approximately 75 degrees.

4. The method of claim 2, wherein a cross-section of each of the plurality
of sacrificial blocks along a plane normal to the base substrate has a substantially trapezoidal
shape; and

a short base of the trapezoidal shape is on the first side surface and a long base

of the trapezoidal shape is on the second side surface.

5. The method of claim 1, wherein each of the plurality of pixel definition
blocks is formed to have a first side surface distal to the base substrate, a second side surface
facing the first side surface and proximal to the base substrate, and a third side surface
connecting the first side surface and the second side surface; and

an average tangential inclination of the third side surface with respect to the

second side surface is an obtuse angle.
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6. The method of claim 5, wherein the obtuse angle is in a range of

approximately 105 degrees to approximately 150 degrees.

7. The method of claim 5, wherein a cross-section of each of the plurality
of pixel definition blocks along a plane normal to the base substrate has a substantially
inverted trapezoidal shape; and

a short base of the inverted trapezoidal shape is on the second side surface and

a long base of the inverted trapezoidal shape is on the first side surface.

8. The method of claim 5, wherein a cross-section of each of the plurality
of pixel definition blocks along a plane normal to the base substrate comprises a first section
proximal to the base substrate and a second section distal to the base substrate;

the first section has a substantially inverted trapezoidal shape and a short base
of the inverted trapezoidal shape is on the second side surface; and

the second section has a substantially rectangular shape.

9. The method of claim 1, subsequent to removing the sacrificial layer,
further comprising forming an ink-jet printed layer comprising a plurality of ink-jet printed
blocks by ink-jet printing;

wherein each of the plurality of ink-jet printed blocks is formed to have a first
side surface distal to the base substrate, a second side surface facing the first side surface and
proximal to the base substrate, and a third side surface connecting the first side surface and
the second side surface; and

an average tangential inclination of the third side surface with respect to the

second side surface is an acute angle.

10. The method of claim 9, wherein the acute angle is in a range of

approximately 30 degrees and approximately 75 degrees.

11. The method of claim 1, wherein the pixel definition material layer is
formed to have a maximum thickness along a direction normal to the base substrate smaller
than or equal to that of the sacrificial layer; and

the method further comprises curing the pixel definition material layer prior to

removing the sacrificial layer.
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12. The method of claim 1, wherein the pixel definition material layer is
formed to have a maximum thickness along a direction normal to the base substrate greater
than that of the sacrificial layer;

each of the plurality of sacrificial blocks has a first side surface distal to the
base substrate and a second side surface facing the first side surface and proximal to the base
substrate;

the pixel definition material layer is formed to have a first section covering the
first side surface of each of the plurality of sacrificial blocks and a second section outside the
first section; and

the method further comprising, prior to removing the sacrificial layer,
removing at least a portion of the first section thereby exposing the sacrificial layer; and

curing the pixel definition material layer subsequent to removing at least a

portion of the first section and prior to removing the sacrificial layer.

13. The method of claim 1, wherein the sacrificial layer is made of a metal
material;

forming the sacrificial layer comprises forming a metal material layer on the
base substrate and patterning the metal material layer to form the plurality of sacrificial
blocks; and

removing the sacrificial layer comprises etching the plurality of sacrificial

blocks using a wet etchant.

14. The method of claim 13, wherein the wet etchant comprises one or a
combination of etchants selected from the group consisting of hydrochloric acid, nitric acid,

and phosphoric acid.

15. The method of claim 13, wherein the metal material layer is made of
one or a combination of metals selected from the group consisting of molybdenum, aluminum,

and silver.

16. The method of claim 1, wherein each of the plurality of sacrificial
blocks is formed to have a shape selected form the group consisting of a truncated rectangular

pyramid shape, a truncated square pyramid shape, and a truncated cone shape.

17. A display substrate, comprising:

a base substrate; and
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a pixel definition layer comprising a plurality of pixel definition blocks on the
base substrate;

wherein each of the plurality of pixel definition blocks has a first side surface
distal to the base substrate, a second side surface facing the first side surface and proximal to
the base substrate, and a third side surface connecting the first side surface and the second
side surface; and

an average tangential inclination of the third side surface with respect to the

second side surface is an obtuse angle.

18.  The display substrate of claim 17, wherein the obtuse angle is in a

range of approximately 105 degrees to approximately 150 degrees.

19.  The display substrate of claim 17, wherein a cross-section of each of
the plurality of pixel definition blocks along a plane normal to the base substrate has a
substantially inverted trapezoidal shape; and

a short base of the inverted trapezoidal shape is on the second side surface and

a long base of the inverted trapezoidal shape is on the first side surface.

20.  The display substrate of claim 17, wherein a cross-section of each of
the plurality of pixel definition blocks along a plane normal to the base substrate comprises a
first section proximal to the base substrate and a second section distal to the base substrate;

the first section has a substantially inverted trapezoidal shape and a short base
of the inverted trapezoidal shape is on the second side surface; and

the second section has a substantially rectangular shape.

21. The display substrate of claim 17, further comprising an ink-jet printed
layer comprising a plurality of ink-jet printed blocks in a subpixel region of the display
substrate;

wherein each of the plurality of ink-jet printed blocks has a first side surface
distal to the base substrate, a second side surface facing the first side surface and proximal to
the base substrate, and a third side surface connecting the first side surface and the second
side surface;

an average tangential inclination of the third side surface with respect to the

second side surface is an acute angle.
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22.  The display substrate of claim 21, wherein the acute angle is in a range

of approximately 30 degrees and approximately 75 degrees.

23. The display substrate of claim 21, wherein a cross-section of each of
the plurality of ink-jet printed blocks along a plane normal to the base substrate has a
substantially trapezoidal shape; and

a short base of the trapezoidal shape is on the first side surface and a long base

of the trapezoidal shape is on the second side surface.

24, The display substrate of claim 21, wherein the ink-jet printed layer
comprises an organic light emitting material; and

the display substrate is an array substrate.

25. The display substrate of claim 21, wherein the ink-jet printed layer is a
color filter layer; and

the display substrate is a color filter substrate.

26.  The display substrate of claim 17, wherein the pixel definition layer
comprises a resin material; and

the display substrate is an array substrate.

27.  The display substrate of claim 17, wherein the pixel definition layer
comprises a resin material and a black pigment; and

the display substrate is a color filter substrate.

28. A display apparatus, comprising a display substrate of any one of

claims 17 to 27.
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