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OLED DISPLAY SUBSTRATE AND METHOD
FOR PREPARING THE SAME, AND DISPLAY
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims a priority to Chinese Patent
Application No. 201811214552.7 filed on Oct. 18, 2018, the
disclosures of which are incorporated in their entirety by
reference herein.

TECHNICAL FIELD

[0002] The present disclosure relates to the field of display
technology, in particular to an OLED display substrate, a
method for preparing the same, and a display device.

BACKGROUND

[0003] With the development of flexible display technol-
ogy, flexible displays of different shapes have satisfied a new
requirement, which often need to cut an organic light-
emitting display (OLED display) to remove a part of the
organic light-emitting display. After the organic light-emit-
ting display panel is cut, the edge of the cutting region is
liable to cause water and oxygen to permeate between the
layers, thereby causing poor display. In particular, in the case
where the cathode of the organic light-emitting display panel
is formed on the entire surface by vapor deposition, after the
organic light-emitting display panel is cut, water and oxygen
are liable to penetrate into the organic light-emitting display
screen along the cathode since the side surface of the
cathode is exposed.

[0004] In order to solve the above problems, in the related
art, in the production of the organic light-emitting display
panel, an undercut step is provided at the periphery of the
cutting region, such that when the cathode is subsequently
prepared the cathode will be broken at an edge of an upper
surface of the undercut step during the deposition. Then,
when the package structure is prepared, the packaging
structure is capable of covering an side surface of the
cathode, to block water and oxygen from penetrating into the
organic light-emitting display along the cathode.

[0005] However, the undercut step in the related art is
generally formed before the pixel defining layer is formed.
When the pixel defining layer is formed after the undercut
step 1s formed, the pixel defining layer material will be filled
into the bottom of the undercut step. Since the upper surface
of the undercut step blocks the exposure light, it is difficult
to remove the pixel defining layer material at the bottom of
the undercut step by exposure. Thus, in the subsequent
deposition of the cathode, the cathode cannot be broken at
the edge of the upper surface of the undercut step, thereby
affecting the actual packaging effect and the performance of
the organic light-emitting display.

SUMMARY

[0006] An embodiment of the present disclosure provides
a technical solution as follows.

[0007] In one aspect, a method for preparing an OLED
display substrate is provided, including: forming an inverted
frustum structure surrounding an cutting region of the
OLED display substrate, with an area of an end surface of
the inverted frustum structure away from a base substrate of
the OLED display substrate being greater than an area of an
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end surface proximate to the base substrate, such that when
forming a cathode of the OLED display substrate, the
cathode is broken spontaneously at an edge of an upper
surface of the inverted frustum structure.

[0008] The method further includes: forming a reflective
pattern between the inverted frustum structure and a base
substrate of the OLED display substrate before forming the
inverted frustum structure, such that an orthogonal projec-
tion of the inverted frustum structure on the base substrate
is located within an orthogonal projection of the reflective
pattern on the base substrate.

[0009] Further, the forming the reflective pattern includes:
forming the reflective pattern and a first metal layer pattern
of the OLED display substrate by a single patterning pro-
cess.

[0010] Further, the forming the inverted frustum structure
includes: forming a first pattern and a second pattern which
are stacked, with the first pattern being located between the
second pattern and the base substrate, and with an orthogo-
nal projection of the first pattern on the base substrate being
located within an orthogonal projection of the second pattern
on the base substrate.

[0011] Further, the forming the first pattern includes:
forming a transition pattern of the first pattern; and etching
a side surface of the transition pattern of the first pattern with
the second pattern as a mask after forming the second
pattern, such that the transition pattern of the first pattern is
indented inward to form the first pattern.

[0012] Further, the forming the transition pattern of the
first pattern includes: forming the transition pattern of the
first pattern and a second metal layer pattern of the OLED
display substrate by a single patterning process.

[0013] An embodiment of the present disclosure further
provides an OLED display substrate, including: a base
substrate; an inverted frustum structure surrounding an
cutting region, with an area of an end surface of the inverted
frustum structure away from a base substrate of the OLED
display substrate being greater than an area of an end surface
proximate to the base substrate; a cathode broken sponta-
neously at an edge of an upper surface of the inverted
frustum structure; and a reflective pattern located between
the inverted frustum structure and the base substrate, where
an orthogonal projection of the inverted frustum structure on
the base substrate is located within an orthogonal projection
of the reflective pattern on the base substrate.

[0014] Further, the OLED display substrate further
includes a first metal layer pattern located in a same layer as
the reflective pattern and formed of a same material as the
reflective pattern.

[0015] Further, the inverted frustum structure includes a
first pattern and a second pattern, with the first pattern being
located between the second pattern and the base substrate,
and with an orthogonal projection of the first pattern on the
base substrate being located within an orthogonal projection
of the second pattern on the base substrate.

[0016] Further, the OLED display substrate further
includes a second metal layer pattern located in a same layer
as the first pattern and formed of a same material as the first
pattern.

[0017] An embodiment of the present disclosure further
provides a display device including the OLED display
substrate as described above.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIGS. 1 to 11 are schematic diagrams showing a
method for preparing an OLED display substrate according
to one embodiment of the present disclosure.

REFERENCE SIGN

[0019] 1 base substrate; 2 active layer; 3 first gate insu-
lating layer; 41 gate electrode; 42 reflective pattern; 5
second gate insulating layer; 61 first pattern; 62 second
pattern; 63 transition pattern of first pattern; 7 interlayer
insulating layer; 81 source electrode; 82 drain electrode; 9
overcoat; 10 anode; 11 pixel definition layer; 12 organic
light-emitting layer; 13 cathode; 14 packaging layer, A
cutting region.

DETAILED DESCRIPTION

[0020] In order to make the technical problems to be
solved, the technical solutions, and the advantages of the
examples of the present disclosure, the present disclosure
will be described hereinafter in conjunction with the draw-
ings and specific examples.

[0021] The embodiments of the present disclosure provide
an OLED display substrate, a method for preparing the same
and a display device, which are capable of ensuring the
packaging effect of the OLED display substrate, thereby
ensuring the performance of the display device.

[0022] Oneembodiment of the present disclosure provides
a method for manufacturing the OLED display substrate,
including: forming an inverted frustum structure surround-
ing an cutting region of the OLED display substrate, with an
area of an end surface of the inverted frustum structure away
from a base substrate of the OLED display substrate being
greater than an area of an end surface proximate to the base
substrate, such that when forming a cathode of the OLED
display substrate, the cathode is broken spontaneously at an
edge of an upper surface of the inverted frustum structure;
and a reflective pattern between the inverted frustum struc-
ture and the base substrate before forming the inverted
frustum structure, such that an orthogonal projection of the
inverted frustum structure on the base substrate is located
within an orthogonal projection of the reflective pattern on
the base substrate.

[0023] In this embodiment, a reflective pattern is formed
between the inverted frustum structure and the base sub-
strate. In the preparation of the pixel defining layer, the pixel
defining layer material is filled into the bottom of the
inverted frustum structure. During the exposure of the pixel
defining layer material, the exposure light is reflected by the
reflective pattern, the exposure of the pixel-defining layer
material at the bottom of the inverted frustum structure is
enhanced, and the pixel-defining layer material at the bottom
of the inverted frustum structure is completely exposed and
removed, thereby preventing the pixel-defining layer mate-
rial from remaining at the bottom of the inverted frustum
structure, and being capable of retaining the original
inverted frustum structure. Thus, in the subsequent prepa-
ration of the cathode, the cathode will be broken at the edge
of the upper surface of the inverted frustum structure during
the deposition. In the preparation of the packaging layer, the
packaging layer is capable of covering a side surface of the
cathode, to block water and oxygen from penetrating into the
OLED display substrate along the cathode and to ensure and
to ensure the packaging effect of the OLED display sub-
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strate, thereby ensuring the performance of the display
device, and being capable of preparing a profiled organic
light-emitting display.

[0024] The reflective pattern can be formed by a special
patterning process, or formed simultaneously with other film
patterns of the OLED display substrate by a single pattern-
ing process. Thus, there is no need for an additional pat-
terning process to form the reflective pattern, thereby reduc-
ing the number of the patterning processes for the OLED
display substrate, reducing the cost of the OLED display
substrate and increasing the productivity of the OLED
display substrate.

[0025] In one specific embodiment, the forming the reflec-
tive pattern includes:

[0026] forming the reflective pattern and a first metal layer
pattern of the OLED display substrate by a single patterning
process. The first metal layer pattern includes a gate and a
gate line of a thin-film transistor, and the like.

[0027] The inverted frustum structure may be a round
inverted frustum structure, or may be composed of a mul-
tilayered film layer pattern, in which the area of the film
layer pattern is gradually increased along from a direction
proximate to the base substrate to a distance away from the
base substrate.

[0028] In one specific embodiment, the forming the
inverted frustum structure includes: forming a first pattern
and a second pattern which are stacked, with the first pattern
being located between the second pattern and the base
substrate, and with an orthogonal projection of the first
pattern on the base substrate being located within an
orthogonal projection of the second pattern on the base
substrate.

[0029] Further, the forming the first pattern includes:
forming a transition pattern of the first pattern; and etching
a side surface of the transition pattern of the first pattern with
the second pattern as a mask after forming the second
pattern, such that the transition pattern of the first pattern is
indented inward to form the first pattern.

[0030] Optionally, the material used in the first pattern and
the anode of the OLED display substrate use a same etchant.
When the anode of the OLED display substrate is etched, the
etchant used for the anode of the OLED display substrate
can etch the side surface of the transition pattern of the first
pattern, such that the transition pattern of the first pattern is
indented inward to form the first pattern, and there is no
additional etching process for etching the transition pattern
of the first pattern.

[0031] The transition pattern of the first pattern can be
formed by a special patterning process, or formed simulta-
neously with other film patterns of the OLED display
substrate by a single patterning process. Thus, there is no
need for an additional patterning process to form the tran-
sition pattern of the first pattern, thereby reducing the
number of the patterning processes for the OLED display
substrate, reducing the cost of the OLED display substrate
and increasing the productivity of the OLED display sub-
strate.

[0032] In one specific embodiment, the forming the tran-
sition pattern of the first pattern includes: forming the
transition pattern of the first pattern and the second metal
layer pattern of the OLED display substrate by a single
patterning process, in which the second metal layer pattern
includes a plate of a storage capacitor.
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[0033] Specifically, the first metal layer pattern may be a
first gate metal layer pattern, and the second metal layer
pattern may be a second gate metal layer pattern; or the first
metal layer pattern may be a second gate metal layer pattern,
and the second metal layer pattern can be a source/drain
metal layer pattern. When the second metal layer pattern is
a source/drain metal layer pattern, the second pattern may be
form by the passivation layer on the source/drain metal
layer.

[0034] An embodiment of the present disclosure further
provides an OLED display substrate, including: a base
substrate; an inverted frustum structure surrounding an
cutting region, with an area of an end surface of the inverted
frustum structure away from a base substrate of the OLED
display substrate being greater than an area of an end surface
proximate to the base substrate; a cathode broken sponta-
neously at an edge of an upper surface of the inverted
frustum structure; and a reflective pattern located between
the inverted frustum structure and the base substrate, where
an orthogonal projection of the inverted frustum structure on
the base substrate is located within an orthogonal projection
of the reflective pattern on the base substrate.

[0035] In this embodiment, a reflective pattern is formed
between the inverted frustum structure and the base sub-
strate. In the preparation of the pixel defining layer, the pixel
defining layer material is filled into the bottom of the
inverted frustum structure. During the exposure of the pixel
defining layer material, the exposure light is reflected by the
reflective pattern, the exposure of the pixel-defining layer
material at the bottom of the inverted frustum structure is
enhanced, and the pixel-defining layer material at the bottom
of the inverted frustum structure is completely exposed and
removed, thereby preventing the pixel-defining layer mate-
rial from remaining at the bottom of the inverted frustum
structure, and being capable of retaining the original
inverted frustum structure. Thus, in the subsequent prepa-
ration of the cathode, the cathode will be broken at the edge
of the upper surface of the inverted frustum structure during
the deposition. In the preparation of the packaging layer, the
packaging layer is capable of covering a side surface of the
cathode, to block water and oxygen from penetrating into the
OLED display substrate along the cathode and to ensure and
to ensure the packaging effect of the OLED display sub-
strate, thereby ensuring the performance of the display
device, and being capable of preparing a profiled organic
light-emitting display.

[0036] The reflective pattern can be formed by a special
patterning process, or located in a same layer and made of
a same materials as other film layers of the OLED display
substrate, so that the reflective pattern can be formed simul-
taneously with other film patterns of the OLED display
substrate by a single patterning process. Thus, there is no
need for an additional patterning process to form the reflec-
tive pattern, thereby reducing the number of the patterning
processes for the OLED display substrate, reducing the cost
of the OLED display substrate and increasing the produc-
tivity of the OLED display substrate.

[0037] In one specific embodiment, the reflective pattern
and the first metal layer pattern of the OLED display
substrate are located in a same layer and formed of a same
material. The first metal layer pattern includes a gate and a
gate line of a thin-film transistor, and the like.

[0038] The inverted frustum structure may be a round
inverted frustum structure, or may be an undercut step
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structure composed of a multilayered film layer pattern, in
which the area of the film layer pattern is gradually increased
along from a direction proximate to the base substrate to a
distance away from the base substrate.

[0039] 1In one specific embodiment, the inverted frustum
structure includes: forming a first pattern and a second
pattern, with the first pattern being located between the
second pattern and the base substrate, and with an orthogo-
nal projection of the first pattern on the base substrate being
located within an orthogonal projection of the second pattern
on the base substrate.

[0040] The transition pattern of the first pattern can be
formed by a special patterning process, or located in a same
layer and made of a same materials as other film layers of the
OLED display substrate, so that the transition pattern of the
first pattern can be formed simultaneously with other film
patterns of the OLED display substrate by a single pattern-
ing process. Thus, there is no need for an additional pat-
terning process to form the transition pattern of the first
pattern, thereby reducing the number of the patterning
processes for the OLED display substrate, reducing the cost
of the OLED display substrate and increasing the produc-
tivity of the OLED display substrate.

[0041] In one specific embodiment, the first pattern and
the second metal layer pattern of the OLED display substrate
are located in a same layer and formed of a same material,
in which the second metal layer pattern includes a plate of
a storage capacitor.

[0042] The OLED display substrate and the method for
preparing the same of the embodiments of the present
disclosure will be further described below in conjunction
with the accompanying drawings and specific Examples.

Example 1

[0043] As shown in FIGS. 1 to 11, the method for pre-
paring the OLED display substrate of the present Example
includes the following operations (1) to (11).

[0044] (1) as shown in FIG. 1, providing a substrate 1, on
which an active layer 2 of a thin-film transistor is formed.
[0045] The base substrate 1 may be a rigid substrate or a
flexible substrate, in which the rigid substrate includes a
glass substrate and a quartz substrate, and the flexible
substrate includes a PI (polyimide) substrate.

[0046] Specifically, a semiconductor material is deposited
on the base substrate 1, a layer of photoresist is coated on the
semiconductor material, and the photoresist is exposed by
using a mask to form a photoresist unreserved region and a
photoresist reserved region, in which the photoresist
reserved region corresponds to a region in which the pattern
of the active layer 2 is located, and the photoresist unre-
served region corresponds to a region outside of the pattern
of the active layer 2; development processing is performed,
so that the photoresist in the photoresist unreserved region is
completely removed, and the thickness of the photoresist in
the photoresist reserved region remains unchanged; and the
semiconductor material of the photoresist unreserved region
is completely etched by an etching process to form a pattern
of the active layer 2, and the remaining photoresist is
stripped.

[0047] (2) as shown in FIG. 2, forming a first gate insu-
lating layer 3.
[0048] Specifically, a first gate insulating layer 3 having a

thickness of 500 to 5,000 A may be deposited on base
substrate of the above (1) by a plasma enhanced chemical
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vapor deposition (PECVD) method. The first gate insulating
layer 3 may be selected from an oxide, a nitride. or an
oxynitride, and the reaction gas is SiH,, NH;, N, or SiH,Cl,,
NH;, N..

[0049] (3) as shown in FIG. 3, forming a thin-film tran-
sistor gate 41 and a reflective pattern 42, and then forming
a second gate insulating layer 5.

[0050] Specifically, a gate metal layer having a thickness
of about 500 to 4,000 A may be deposited on the first gate
insulating layer 3 by sputtering or thermal evaporation. The
material of the gate metal layer may be selected from Cu, Al,
Ag, Mo, Cr, Nd, Ni, Mn, Ti, Ta, W and other metals and
alloys of these metals, and the gate metal layer may be a
single layer structure or a multilayer structure, such as
Cu\Mo, TI\AI\Ti, and Mo\Al\Mo. A layer of photoresist is
coated on the gate metal layer, and the photoresist is exposed
by using a mask to form a photoresist unreserved region and
a photoresist reserved region, in which the photoresist
reserved region corresponds to a region in which the gate
electrode 41, the reflective pattern 42 and other first gate
metal layer pattern are located, and the photoresist unre-
served region corresponds to a region outside of the above
pattern. A development processing is performed, so that the
photoresist in the photoresist unreserved region is com-
pletely removed, and the thickness of the photoresist in the
photoresist reserved region remains unchanged; and the gate
metal film of the photoresist unreserved region is completely
etched by an etching process, and the remaining photoresist
is stripped to form a gate electrode 41, a reflective pattern 42
and other first gate metal layer pattern.

[0051] A second gate insulating layer 5 having a thickness
of 500 to 5,000 A may be deposited by a plasma enhanced
chemical vapor deposition (PECVD) method. The second
gate insulating layer 5 may be selected from an oxide, a
nitride. or an oxynitride, and the reaction gas is SiH,, NH;,
N, or SiH,Cl,, NH;, N,.

[0052] (4) as shown in FIG. 4, forming a transition pattern
63 of the first pattern and an interlayer insulating layer 7.

[0053] Specifically, a gate metal layer having a thickness
of about 500 to 4,000 A may be deposited on the second gate
insulating layer 5 by sputtering or thermal evaporation. The
material of the gate metal layer may be selected from Cu, Al,
Ag, Mo, Cr, Nd, Ni, Mn, Ti, Ta, W and other metals and
alloys of these metals, and the gate metal layer may be a
single layer structure or a multilayer structure, such as
Cu\Mo, Ti\AI\Ti, and Mo\Al\Mo. A layer of photoresist is
coated on the gate metal layer, and the photoresist is exposed
by using a mask to form a photoresist unreserved region and
a photoresist reserved region, in which the photoresist
reserved region corresponds to a region in which the tran-
sition pattern 63 of the first pattern and the second gate metal
layer pattern are located, and the photoresist unreserved
region corresponds to a region outside of the above pattern.
A development processing is performed, so that the photo-
resist in the photoresist unreserved region is completely
removed, and the thickness of the photoresist in the photo-
resist reserved region remains unchanged; and the gate metal
film of the photoresist unreserved region is completely
etched by an etching process, and the remaining photoresist
is stripped to form a transition pattern 63 of the first pattern
and a second gate metal layer pattern, in which the transition
pattern 63 of the first pattern surrounds the cutting region of
the OLED display substrate.
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[0054] An interlayer insulating layer 7 having a thickness
of 500 to 5,000 A may be deposited by a plasma enhanced
chemical vapor deposition (PECVD) method. The interlayer
insulating layer 7 may be selected from an oxide, a nitride.
or an oxynitride, and the corresponding reaction gas is SiH,,
NH;, N, or SiH,Cl,, NH;, N,.

[0055] (5) as shown in FIG. 5, etching the first gate
insulating layer 3, the second gate insulating layer 5 and the
interlayer insulating layer 7 to form a via hole exposing the
active layer 2 and a via hole exposing a side surface of the
transition pattern 63 of the first pattern.

[0056] (6) as shown in FIG. 6, forming a source electrode
81 and a drain electrode 82 of the thin-film transistor.
[0057] Specifically, by magnetron sputtering, thermal
evaporation or other film formation methods, a source/drain
metal layer having a thickness of approximately 2000 to
4000 A may be deposited on the base substrate of the above
(5). The material of the source/drain metal layer may be
selected from a metal such as Cu, Al, Ag, Mo, Cr, Nd, Nij,
Mn, Ti, Ta, and W, and an alloy of these metals. The
source/drain metal layer may be a single layer structure or a
multilayer structure, such as Cu\Mo, TINANTI, and
Mol\Al\Mo. One layer of photoresist is coated on the source/
drain metal layer, and the photoresist is exposed by using a
mask to form a photoresist unreserved region and a photo-
resist reserved region, in which the photoresist reserved
region corresponds to a region in which the patterns of the
source electrode 81 and the drain electrode 82 are located,
and the photoresist unreserved region corresponds to a
region outside of the above pattern. A development process-
ing is performed, so that the photoresist in the photoresist
unreserved region is completely removed, and the thickness
of the photoresist in the photoresist reserved region remains
unchanged; and the source/drain metal layer of the photo-
resist unreserved region is completely etched by an etching
process, and the remaining photoresist is stripped to form a
source electrode 81 and a drain electrode 82, in which the
source electrode 81 and the drain electrode 82 are respec-
tively connected to the active layer 2 through via holes.
[0058] (7) as shown in FIG. 7, forming an overcoat 9.
[0059] Specifically, a pattern of the overcoat 9 can be
formed by coating and exposing one layer of an organic
resin on the base substrate 1 of the above (6).

[0060] (8) as shown in FIG. 8, forming an anode 10.
[0061] Specifically, ITO, Ag and ITO may be deposited in
sequence on the base substrate 1 of the above (7), a
photoresist is coated on the uppermost ITO, and the photo-
resist is exposed by using a mask to form a photoresist
unreserved region and a photoresist reserved region, in
which the photoresist reserved region corresponds to a
region in which the pattern of the anode electrode 10 is
located, and the photoresist unreserved region corresponds
to a region outside of the above pattern. A development
processing is performed, so that the photoresist in the
photoresist unreserved region is completely removed, and
the thickness of the photoresist in the photoresist reserved
region remains unchanged; and the ITO of the photoresist
unreserved region, Ag and 1TO are completely etched by an
etching process, and the remaining photoresist is stripped to
form a pattern of the anode 10.

[0062] When ITO, Ag and ITO are etched, the etchant
simultaneously etches the exposed side surface of the tran-
sition pattern 63 of the first pattern, and the transition pattern
63 is indented inward by 0.1 mm to 10 mm to form the first
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pattern 61. The first pattern 61 and the remaining interlayer
insulating layer portion thereon (i.e., the second pattern 62
shown in FIG. 9) constitute an undercut step structure, in
which the undercut step structure surrounds the cutting
region of the OLED display substrate, and the orthogonal
projection of the first pattern 61 on the base substrate 1 falls
within the orthogonal projection of the reflective pattern 42
on the base substrate 1.

[0063] (9) as shown in FIG. 9, forming a pixel defining
layer 11.
[0064] Specifically, a pattern of the pixel defining layer 11

may be exposed by coating and exposing one layer of a
photosensitive material for the pixel defining layer on the
base substrate 1 of the above (8).

[0065] When the pixel defining layer is formed, the pixel
defining layer material will be filled into the bottom of the
undercut step. During the exposure of the pixel defining
layer material, the exposure light is reflected by the reflec-
tive pattern 42, the exposure of the pixel-defining layer
material at the bottom of the undercut step structure is
enhanced, and the pixel-defining layer material at the bottom
of the undercut step structure is completely exposed and
removed, thereby preventing the pixel-defining layer mate-
rial from remaining at the bottom of the undercut step
structure, and being capable of retaining the original under-
cut step structure. Thus, in the subsequent preparation of the
cathode, the cathode will be broken at the edge of the upper
surface of the undercut step structure during the deposition.
In the preparation of the packaging layer, the packaging
layer is capable of covering a side surface of the cathode, to
block water and oxygen from penetrating into the OLED
display substrate along the cathode and to ensure and to
ensure the packaging effect of the OLED display substrate,
thereby ensuring the performance of the display device, and
being capable of preparing a profiled organic light-emitting
display.

[0066] (10) as shown in FIG. 10, forming an organic
light-emitting layer 12, a cathode 13 and an packaging layer
14.

[0067] Specifically, the organic light-emitting layer 12 can
be formed by evaporation or inkjet printing.

[0068] When the cathode material is deposited to form the
cathode 13, the cathode material can be broken at the edge
of the upper surface of the undercut step structure.

[0069] As shown in FIG. 10, since the cathode material
can be broken at the edge of the upper surface of the
undercut step structure, the subsequently formed packaging
layer 14 is capable of covering the side surface of the
cathode 13, and the packaging layer 14 may include an
inorganic film or an organic film and an inorganic film
stacked.

[0070] (11) as shown in FIG. 11, the OLED display
substrate is cut to remove the cutting region A.

[0071] Since the packaging layer 14 covers the side sur-
face of the cathode 13, the side surface of the cathode 13 is
not exposed after removing the cutting region A, to block
water and oxygen from penetrating into the OLED display
substrate along the cathode, and to ensure the packaging
effect of the OLED display substrate, thereby ensuring the
performance of the display device, and being capable of
preparing a profiled organic light-emitting display, in which
the shape of the cutting region A, which can be set as needed,
can be rectangular, circular or the like.

Apr. 23,2020

[0072] The OLED display substrate of the present embodi-
ment can be prepared by the operations of the above (1) to

(11).
Example 2

[0073] The method for preparing the OLED display sub-
strate according to this Example includes the following
operations.

[0074] (1) providing a base substrate, on which a reflective
pattern is formed.

[0075] The base substrate 1 may be a rigid substrate or a
flexible substrate, in which the rigid substrate includes a
glass substrate and a quartz substrate, and the flexible
substrate includes a PI (polyimide) substrate.

[0076] Specifically, a metal layer having a thickness of
about 500 to 4,000 A may be deposited on the base substrate
by sputtering or thermal evaporation. The material of the
metal layer may be selected from Cu, Al, Ag, Mo, Cr, Nd,
Ni, Mn, Ti, Ta, W and other metals and alloys of these
metals, and the metal layer may be a single layer structure
or a multilayer structure, such as Cu\Mo, Ti\AITi, and
Mo\Al\Mo. A layer of photoresist is coated on the metal
layer, and the photoresist is exposed by using a mask to form
a photoresist unreserved region and a photoresist reserved
region, in which the photoresist reserved region corresponds
to a region in which the reflective pattern is located, and the
photoresist unreserved region corresponds to a region out-
side of the above pattern. A development processing is
performed, so that the photoresist in the photoresist unre-
served region is completely removed, and the thickness of
the photoresist in the photoresist reserved region remains
unchanged; and the metal film of the photoresist unreserved
region is completely etched by an etching process, and the
remaining photoresist is stripped to form a reflective pattern.

[0077] (2) forming an active layer of the thin-film tran-
sistor.
[0078] Specifically, one layer of a semiconductor material

is deposited on the base substrate, one layer of a photoresist
is coated on the semiconductor material, and the photoresist
is exposed by using a mask to form a photoresist unreserved
region and a photoresist reserved region, in which the
photoresist reserved region corresponds to a region in which
the pattern of the active layer is located, and the photoresist
unreserved region corresponds to a region outside of the
pattern of the active layer. A development processing is
performed, so that the photoresist in the photoresist unre-
served region is completely removed, and the thickness of
the photoresist in the photoresist reserved region remains
unchanged; and the semiconductor material of the photore-
sist unreserved region is completely etched by an etching
process to form a pattern of the active layer, and the
remaining photoresist is stripped.

[0079] (3) forming a first gate insulating layer.

[0080] Specifically, a first gate insulating layer having a
thickness of 500 to 5,000 A may be deposited on base
substrate of the above (2) by a plasma enhanced chemical
vapor deposition (PECVD) method. The material of the first
gate insulating layer may be selected from an oxide, a
nitride. or an oxynitride, and the reaction gas is SiH,, NH,,
N, or SiH,Cl,, NH;, N,,.

[0081] (4) forming a gate electrode of the thin-film tran-
sistor, and then forming a second gate insulating layer.
[0082] Specifically, a gate metal layer having a thickness
of about 500 to 4,000 A may be deposited on the first gate
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insulating layer by sputtering or thermal evaporation. The
material of the gate metal layer may be selected from Cu, Al,
Ag, Mo, Cr, Nd, Ni, Mn, Ti, Ta, W and other metals and
alloys of these metals, and the gate metal layer may be a
single layer structure or a multilayer structure, such as
Cu\Mo, TI\AI\Ti, and Mo\Al\Mo. A layer of photoresist is
coated on the gate metal layer, and the photoresist is exposed
by using a mask to form a photoresist unreserved region and
a photoresist reserved region, in which the photoresist
reserved region corresponds to a region in which the gate
electrode and other first gate metal layer pattern are located,
and the photoresist unreserved region cotresponds to a
region outside of the above pattern. A development process-
ing is performed, so that the photoresist in the photoresist
unreserved region is completely removed, and the thickness
of the photoresist in the photoresist reserved region remains
unchanged; and the gate metal film of the photoresist
unreserved region is completely etched by an etching pro-
cess, and the remaining photoresist is stripped to form a gate
electrode and other first gate metal layer pattern.

[0083] A second gate insulating layer having a thickness
of 500 to 5,000 A may be deposited by a plasma enhanced
chemical vapor deposition (PECVD) method. The material
of the second gate insulating layer may be selected from an
oxide, a nitride. or an oxynitride, and the reaction gas is
SiH,, NH;, N, or SiH,Cl,, NH;, N,

[0084] (5) forming a transition pattern of the first pattern
and an interlayer insulating layer.

[0085] Specifically, a gate metal layer having a thickness
of about 500 to 4,000 A may be deposited on the second gate
insulating layer by sputtering or thermal evaporation. The
material of the gate metal layer may be selected from Cu, Al,
Ag, Mo, Cr, Nd, Ni, Mn, Ti, Ta, W and other metals and
alloys of these metals, and the gate metal layer may be a
single layer structure or a multilayer structure, such as
Cu\Mo, TI\AI\Ti, and Mo\Al\Mo. A layer of photoresist is
coated on the gate metal layer, and the photoresist is exposed
by using a mask to form a photoresist unreserved region and
a photoresist reserved region, in which the photoresist
reserved region corresponds to a region in which the tran-
sition pattern of the first pattern and other second metal layer
pattern are located, and the photoresist unreserved region
corresponds to a region outside of the above pattern. A
development processing is performed, so that the photoresist
in the photoresist unreserved region is completely removed,
and the thickness of the photoresist in the photoresist
reserved region remains unchanged; and the gate metal film
of the photoresist unreserved region is completely etched by
an etching process, and the remaining photoresist is stripped
to form a transition pattern of the first pattern and other
second gate metal layer pattern, in which the transition
pattern of the first pattern surrounds the cutting region of the
OLED display substrate.

[0086] An interlayer insulating layer having a thickness of
500 to 5,000 A may be deposited by a plasma enhanced
chemical vapor deposition (PECVD) method. The material
of the interlayer insulating layer may be selected from an
oxide, a nitride. or an oxynitride, and the reaction gas is
SiH,, NH;, N, or SiH,Cl,, NH;, N,.

[0087] (6) etching the first gate insulating layer, the second
gate insulating layer and the interlayer insulating layer to
form a via hole exposing the active layer and a via hole
exposing a side surface of the transition pattern of the first
pattern.
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[0088] (7) forming a source electrode and a drain electrode
of the thin-film transistor.

[0089] Specifically, by magnetron sputtering, thermal
evaporation or other film formation methods, a source/drain
metal layer having a thickness of approximately 2000 to
4000 A may be deposited on the base substrate of the above
(6). The material of the source/drain metal layer may be
selected from a metal such as Cu, Al, Ag, Mo, Cr, Nd, Ni,
Mn, Ti, Ta, and W, and an alloy of these metals. The
source/drain metal layer may be a single layer structure or a
multilayer structure, such as Cu\Mo, TINAITI, and
Mol\Al\Mo. One layer of photoresist is coated on the source/
drain metal layer, and the photoresist is exposed by using a
mask to form a photoresist unreserved region and a photo-
resist reserved region, in which the photoresist reserved
region corresponds to a region in which the patterns of the
source electrode and the drain electrode are located, and the
photoresist unreserved region corresponds to a region out-
side of the above pattern. A development processing is
performed, so that the photoresist in the photoresist unre-
served region is completely removed, and the thickness of
the photoresist in the photoresist reserved region remains
unchanged; and the source/drain metal layer of the photo-
resist unreserved region is completely etched by an etching
process, and the remaining photoresist is stripped to form a
source electrode and a drain electrode, in which the source
electrode and the drain electrode are respectively connected
to the active layer through via holes.

[0090] (8) forming an overcoat.

[0091] Specifically, a pattern of the overcoat can be
formed by coating and exposing one layer of an organic
resin on the base substrate of the above (7).

[0092] (9) forming an anode.

[0093] Specifically, ITO, Ag and ITO may be deposited in
sequence on the base substrate of the above (8), a photoresist
is coated on the uppermost ITO, and the photoresist is
exposed by using a mask to form a photoresist unreserved
region and a photoresist reserved region, in which the
photoresist reserved region corresponds to a region in which
the pattern of the anode electrode is located, and the pho-
toresist unreserved region corresponds to a region outside of
the above pattern. A development processing is performed,
so that the photoresist in the photoresist unreserved region is
completely removed, and the thickness of the photoresist in
the photoresist reserved region remains unchanged: and the
ITO of the photoresist unreserved region, Ag and ITO are
completely etched by an etching process, and the remaining
photoresist is stripped to form a pattern of the anode.
[0094] When ITO, Ag and ITO are etched, the etchant
simultaneously etches the exposed side surface of the tran-
sition pattern, and the transition pattern is indented inward
by 0.1 mm to 10 mm to form the first pattern. The first
pattern and the remaining interlayer insulating layer portion
thereon (i.e., the second pattern) constitute an undercut step
structure, in which the undercut step structure surrounds the
cutting region of the OLED display substrate, and the
orthogonal projection of the first pattern on the base sub-
strate falls within the orthogonal projection of the reflective
pattern on the base substrate.

[0095] (10) forming a pixel defining layer.

[0096] Specifically, a pattern of the pixel defining layer
may be exposed by coating and exposing one layer of a
photosensitive material for the pixel defining layer on the
base substrate of the above (9).
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[0097] In the preparation of the pixel defining layer, the
pixel defining layer material is filled into the bottom of the
undercut step structure. During the exposure of the pixel
defining layer material, the exposure light is reflected by the
reflective pattern, the exposure of the pixel-defining layer
material at the bottom of the undercut step structure is
enhanced, and the pixel-defining layer material at the bottom
of the undercut step structure is completely exposed and
removed, thereby preventing the pixel-defining layer mate-
rial from remaining at the bottom of the undercut step
structure, and being capable of retaining the original under-
cut step structure. Thus, in the subsequent preparation of the
cathode, the cathode will be broken at the edge of the upper
surface of the undercut step structure during the deposition.
In the preparation of the packaging layer, the packaging
layer is capable of covering a side surface of the cathode, to
block water and oxygen from penetrating into the OLED
display substrate along the cathode and to ensure and to
ensure the packaging effect of the OLED display substrate,
thereby ensuring the performance of the display device, and
being capable of preparing a profiled organic light-emitting
display.

[0098] (11) forming an organic light-emitting layer, a
cathode, and an packaging layer.

[0099] Specifically, the organic light-emitting layer can be
formed by evaporation or inkjet printing.

[0100] When the cathode material is deposited to form the
cathode, the cathode material can be broken at the edge of
the upper surface of the undercut step structure.

[0101] Since the cathode material can be broken at the
edge of the upper surface of the undercut step structure, the
subsequently formed packaging layer is capable of covering
the side surface of the cathode, and the packaging layer may
include an inorganic film or an organic film and an inorganic
film stacked.

[0102] (12) the OLED display substrate is cut to remove
the cutting region.

[0103] Since the packaging layer covers the side surface of
the cathode, the side surface of the cathode is not exposed
after removing the cutting region, to block water and oxygen
from penetrating into the OLED display substrate along the
cathode, and to ensure the packaging effect of the OLED
display substrate, thereby ensuring the performance of the
display device, and being capable of preparing a profiled
organic light-emitting display, in which the shape of the
cutting region A, which can be set as needed, can be
rectangular, circular or the like.

[0104] The OLED display substrate of the present embodi-
ment can be prepared by the operations of the above (1) to
(12).

[0105] An embodiment of the present disclosure further
provides a display device including the OLED display
substrate as described above. The display device may be any
product or component having a display function, such as a
television, a display, a digital photo frame, a mobile phone,
a tablet computer. etc., in which the display device further
includes a flexible circuit board, a printed circuit board, and
a backplane.

[0106] In this embodiment, a reflective pattern is formed
between the inverted frustum structure and the base sub-
strate. In the preparation of the pixel defining layer, the pixel
defining layer material is filled into the bottom of the
inverted frustum structure. During the exposure of the pixel
defining layer material, the exposure light is reflected by the
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reflective pattern, the exposure of the pixel-defining layer
material at the bottom of the inverted frustum structure is
enhanced, and the pixel-defining layer material at the bottom
of the inverted frustum structure is completely exposed and
removed, thereby preventing the pixel-defining layer mate-
rial from remaining at the bottom of the inverted frustum
structure, and being capable of retaining the original
inverted frustum structure. Thus, in the subsequent prepa-
ration of the cathode, the cathode will be broken at the edge
of the upper surface of the inverted frustum structure during
the deposition. In the preparation of the packaging layer, the
packaging layer is capable of covering a side surface of the
cathode, to block water and oxygen from penetrating into the
OLED display substrate along the cathode and to ensure and
to ensure the packaging effect of the OLED display sub-
strate, thereby ensuring the performance of the display
device, and being capable of preparing a profiled organic
light-emitting display.
[0107] In the method embodiments of the present disclo-
sure, the serial numbers of the operations cannot be used to
define the sequence of the operations. As for one skilled in
the art, the changes in the order of operations without paying
creative work also fall within the scope of the present
disclosure.
[0108] Unless otherwise defined, technical terms or sci-
entific terms used herein have the normal meaning com-
monly understood by one skilled in the art in the field of the
present disclosure. The words “first”, “second”, and the like
used in the present disclosure does not denote any order,
quantity, or importance, but rather merely serves to distin-
guish different components. The “including”, “comprising”,
and the like used in the present disclosure means that the
element or item appeared in front of the word encompasses
the element or item and their equivalents listed after the
word, and does exclude other elements or items. The word
“connected” or “connecting” and the like are not limited to
physical or mechanical connections, but may include elec-
trical connections, whether direct or indirect. “On”, “under”,
“left”, “right” and the like are only used to represent relative
positional relationships, and when the absolute position of
the described object is changed, the relative positional
relationship may also be changed, accordingly.
[0109] It will be understood that when an element, such as
a layer, film, region, or substrate, is referred to as being “on”
or “under” another element, the element may be directly
“on” or “under” another element, or there may be an
intermediate element.
[0110] The above descriptions are preferred embodiments
of the present disclosure. It should be noted that one skilled
in the art would make several improvements and substitu-
tions without departing from the principles of the present
disclosure. These improvements and modifications should
also be regarded as the protection scope of the present
disclosure.
What is claimed is:
1. A method for preparing an Organic Light-Emitting
Diode (OLED) display substrate, comprising:
forming an inverted frustum structure surrounding an
cutting region of the OLED display substrate, with an
area of an end surface of the inverted frustum structure
away from a base substrate of the OLED display
substrate being greater than an area of an end surface
proximate to the base substrate, such that when forming
a cathode of the OLED display substrate, the cathode is
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broken spontaneously at an edge of an upper surface of
the inverted frustum structure; and

forming a reflective pattern between the inverted frustum

structure and the base substrate before forming the
inverted frustum structure, such that an orthogonal
projection of the inverted frustum structure on the base
substrate is located within an orthogonal projection of
the reflective pattern on the base substrate.

2. The method for preparing the OLED display substrate
of claim 1, wherein the forming the reflective pattern com-
prises:

forming the reflective pattern and a first metal layer

pattern of the OLED display substrate by a single
patterning process.

3. The method for preparing the OLED display substrate
of claim 1, wherein the forming the inverted frustum struc-
ture comprises:

forming a first pattern and a second pattern which are

stacked, with the first pattern being located between the
second pattern and the base substrate, and with an
orthogonal projection of the first pattern on the base
substrate being located within an orthogonal projection
of the second pattern on the base substrate.

4. The method for preparing the OLED display substrate
of claim 3, wherein the forming the first pattern comprises:

forming a transition pattern of the first pattern; and

etching a side surface of the transition pattern of the first
pattern with the second pattern as a mask after forming
the second pattern, such that the transition pattern of the
first pattern is indented inward to form the first pattern.

5. The method for preparing the OLED display substrate
of claim 4, wherein the forming the transition pattern of the
first pattern comprises:

forming the transition pattern of the first pattern and a

second metal layer pattern of the OLED display sub-
strate by a single patterning process.

6. The method for preparing the OLED display substrate
of claim 5, wherein the forming the reflective pattern com-
prises:

forming the reflective pattern and a first metal layer

pattern of the OLED display substrate by a single
patterning process, with the first metal layer pattern
being a first gate metal layer pattern, and with the
second metal layer pattern being a second gate metal
layer pattern.

7. The method for preparing the OLED display substrate
of claim 5, wherein the forming the reflective pattern com-
prises: forming the reflective pattern and a first metal layer
pattern of the OLED display substrate by a single patterning
process, with the first metal layer pattern being a second gate
metal layer pattern, and with the second metal layer pattern
being a source/drain metal layer pattern.

8. The method for preparing the OLED display substrate
of claim 7, wherein the second pattern is formed by using a
passivation layer on the source/drain metal layer.

9. The method for preparing the OLED display substrate
of claim 5, wherein the forming the reflective pattern com-
prises:

forming the reflective pattern and a first metal layer

pattern of the OLED display substrate by a single
patterning process, with the first metal layer pattern
being located in a same layer as the reflective pattern
and formed of a same material as the reflective pattern,
and with the second metal layer pattern being located in
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a same layer as the first pattern and formed of a same
material as the first pattern.

10. An OLED display substrate, comprising:

a base substrate;

an inverted frustum structure surrounding an cutting

region, with an area of an end surface of the inverted
frustum structure away from a base substrate of the
OLED display substrate being greater than an area of
an end surface proximate to the base substrate;

a cathode broken spontaneously at an edge of an upper

surface of the inverted frustum structure; and

a reflective pattern located between the inverted frustum

structure and the base substrate,

wherein an orthogonal projection of the inverted frustum

structure on the base substrate is located within an
orthogonal projection of the reflective pattern on the
base substrate.

11. The OLED display substrate of claim 10, further
comprising a first metal layer pattern located in a same layer
as the reflective pattern and formed of a same material as the
reflective pattern.

12. The OLED display substrate of claim 10, wherein the
inverted frustum structure comprises a first pattern and a
second pattern, with the first pattern being located between
the second pattern and the base substrate, and with an
orthogonal projection of the first pattern on the base sub-
strate being located within an orthogonal projection of the
second pattern on the base substrate.

13. The OLED display substrate of claim 12, further
comprising a second metal layer pattern located in a same
layer as the first pattern and formed of a same material as the
first pattern.

14. The OLED display substrate of claim 10, further
comprising a first metal layer pattern and a second metal
layer pattern, with the first metal layer pattern being a first
gate metal layer pattern, and with the second metal layer
pattern being a second gate metal layer pattern.

15. The OLED display substrate of claim 10, further
comprising a first metal layer pattern and a second metal
layer pattern, with the first metal layer pattern being a
second gate metal layer pattern, and with the second metal
layer pattern being a source/drain metal layer pattern.

16. The OLED display substrate of claim 15, wherein the
second pattern is formed by using a passivation layer on the
source/drain metal layer.

17. A display device, comprising the OLED display
substrate of claim 10.

18. A display device of claim 17, wherein the OLED
display substrate further comprises a first metal layer pattern
located in a same layer as the reflective pattern and formed
of a same material as the reflective pattern.

19. The display device of claim 17, wherein the inverted
frustum structure comprises a first pattern and a second
pattern, with the first pattern being located between the
second pattern and the base substrate, and with an orthogo-
nal projection of the first pattern on the base substrate being
located within an orthogonal projection of the second pattern
on the base substrate.

20. A display device of claim 19, wherein the OLED
display substrate further comprises a second metal layer
pattern located in a same layer as the first pattern and formed
of a same material as the first pattern.
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