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(57) ABSTRACT

The present disclosure relates to the field of display, and
specifically provides a display substrate, a fabricating
method thereof, and a corresponding display device. The
display substrate includes a first transparent electrode and a
second reflective electrode opposite to each other, a light
emitting layer between the first transparent electrode and the
second reflective electrode, an organic material layer on a
side of the first transparent electrode away from the light
emitting layer, and a transtlective layer on a side of the
organic material layer away from the light emitting layer.

106
105

101

103

102




Patent Application Publication  Oct. 28,2021 Sheet 1 of 3

100

| wowew i

OO 4 o

50 Sl 505 Tl SCS25 e
FETRE TR 106
105
101

103
102

104

Fig. 1

200
2061

2060
205

2040
201

203
202

Fig. 2

US 2021/0336221 Al

2041
2042
2043



Patent Application Publication

300

3.00

=
in
=

2,00

—
n
=

C+ [W*m-2*nm-1*s-1]

Oct. 28, 2021 Sheet 2 of 3

US 2021/0336221 Al

308
M _1__TI 1 305
304  [Hmm 3040
307 .
301
309
309’
303
310
310"
302
Fig. 3
red light  green light blue light
)
r 7| N
400 450 500 550 600 650 700 750 800

wavelength (nm)

Fig. 4



Patent Application Publication  Oct. 28, 2021 Sheet 3 of 3 US 2021/0336221 A1

S1

S2

S4

Fig. 5



US 2021/0336221 Al

DISPLAY SUBSTRATE, FABRICATING
METHOD THEREOF AND DISPLAY DEVICE

RELATED APPLICATION(S)

[0001] The present application claims the benefit of Chi-
nese Patent Application No. 201810513425.0 filed on May
25, 2018, the entire disclosure of which is incorporated
herein by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to the field of display
technology, and in particular to a display substrate, a fabri-
cating method thereof, and a corresponding display device.

BACKGROUND

[0003] With relatively small size and good display perfor-
mance, micro displays have shown an increasingly broad
application prospect, and are particularly suitable for appli-
cations such as head-mounted displays, stereo displays, and
glasses displays. Typically, micro displays can be imple-
mented by using organic light emitting devices (OLEDs),
liquid crystal display devices (LCDs), micro-light emitting
diode (micro-LED) display devices, microelectromechani-
cal systems (MEMS), and the like. Due to advantages of fast
response, high contrast, self-luminescence, simple structure,
and low power consumption, organic light emitting devices
have favorable application prospects in micro displays.

[0004] In general, when an organic light emitting device is
used in a micro display, full-color display can be realized by
using a combination of white light and a color film substrate.
However, due to limitations of fine metal mask (FMM), in
such a color organic light emitting device, it is difficult to
achieve a relatively large number of pixels per inch (PPI). In
addition, for such an organic light emitting device where
white light and a color film substrate are combined, the
finally output light has only a color gamut which is about
80% of the NTSC color gamut. Obviously, this severely
limits advantages such as high color gamut of the organic
light emitting device.

SUMMARY

[0005] According to an aspect of the present disclosure, a
display substrate is provided. Specifically, the display sub-
strate comprises: a first transparent electrode and a second
reflective electrode opposite to each other; a light emitting
layer between the first transparent electrode and the second
reflective electrode; an organic material layer on a side of the
first transparent electrode away from the light emitting layer;
and a transflective layer on a side of the organic material
layer away from the light emitting layer. The organic mate-
rial layer comprises a plurality of organic material portions
in an array, and each organic material portion comprises
more than one organic material sub-portion. Each organic
material sub-portion in each organic material portion has a
different thickness in a direction perpendicular to an extend-
ing surface of the organic material layer, such that a distance
between a portion of the second reflective electrode and a
portion of the transflective layer corresponding to each
organic material sub-portion is different, thereby emitting
light of a different color from each organic material sub-
portion.

Oct. 28, 2021

[0006] According to a specific implementation, in the
display substrate provided by an embodiment of the present
disclosure, the transflective layer is in direct contact with the
organic material layer.

[0007] According to a specific implementation, the display
substrate provided by an embodiment of the present disclo-
sure further comprises: a plurality of color filter units on a
side of the transflective layer away from the light emitting
layer. Specifically, each color filter unit comprises more than
one color filter sub-unit, wherein an orthographic projection
of each of the more than one color filter sub-unit on the
organic material layer coincides with a respective one of the
more than one organic material sub-portion.

[0008] According to a specific implementation, the display
substrate provided by an embodiment of the present disclo-
sure further comprises a first encapsulation layer, for
example, a thin film encapsulation layer. Specifically, the
first encapsulation layer is located between the first trans-
parent electrode and the organic material layer.

[0009] According to a specific implementation, the display
substrate provided by an embodiment of the present disclo-
sure further comprises a second encapsulation layer, for
example, an inorganic encapsulation layer. Specifically, the
second encapsulation layer is located on a side of the
transflective layer away from the light emitting layer.
[0010] According to a specific implementation, in the
display substrate provided by an embodiment of the present
disclosure, the organic material layer is made of parylene,
polydimethylsiloxane or polymethyl methacrylate.

[0011] According to a specific implementation, in the
display substrate provided by an embodiment of the present
disclosure, the transflective layer comprises a distributed
Bragg mirror, an MgAg layer, an Al layer or an Au layer.

[0012] According to a specific implementation, in the
display substrate provided by an embodiment of the present
disclosure, the more than one organic material sub-portion
comprises a first organic material sub-portion, a second
organic material sub-portion, and a third organic material
sub-portion.

[0013] According to a specific implementation, in the
display substrate provided by an embodiment of the present
disclosure, the light emitting layer comprises a first light
emitting sub-layer, a second light emitting sub-layer, and a
third light emitting sub-layer disposed in a stack. Further, the
first light emitting sub-layer is configured to emit red light,
the second light emitting sub-layer is configured to emit
green light, and the third light emitting sub-layer is config-
ured to emit blue light.

[0014] According to a specific implementation, in the
display substrate provided by an embodiment of the present
disclosure, the thicknesses of the first organic material
sub-portion, the second organic material sub-portion, and
the third organic material sub-portion in the direction per-
pendicular to the extending surface of the organic material
layer are chosen such that red light, green light, and blue
light are emitted out from the first organic material sub-
portion, the second organic material sub-portion, and the
third organic material sub-portion respectively.

[0015] According to a specific implementation, the display
substrate provided by an embodiment of the present disclo-
sure further comprises at least one of an electron injection
layer and an electron transport layer between the light
emitting layer and the first transparent electrode.
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[0016] According to a specific implementation, the display
substrate provided by an embodiment of the present disclo-
sure further comprises at least one of a hole injection layer
and a hole transport layer between the light emitting layer
and the second reflective electrode.

[0017] According to another aspect of the present disclo-
sure, a display device is also provided. The display device
comprises the display substrate described in any of the
preceding embodiments.

[0018] According to yet another aspect of the present
disclosure, a method for fabricating a display substrate is
also provided. Specifically, the method comprises the steps
of: providing a first transparent electrode and a second
reflective electrode opposite to each other; forming a light
emitting layer between the first transparent electrode and the
second reflective electrode; forming an organic material
layer on a side of the first transparent electrode away from
the light emitting layer, such that the organic material layer
comprises a plurality of organic material portions arranged
in an array, each organic material portion comprising more
than one organic material sub-portion; and forming a
transflective layer on a side of the organic material layer
away from the light emitting layer. Each organic material
sub-portion in each organic material portion is further
formed to have a different thickness in a direction perpen-
dicular to an extending surface of the organic material layer,
such that a distance between a portion of the second reflec-
tive electrode and a portion of the transflective layer corre-
sponding to each organic material sub-portion is different,
thereby emitting light of a different color from each organic
material sub-portion.

[0019] According to a specific implementation, in the
method for fabricating a display substrate provided by an
embodiment of the present disclosure, the organic material
layer is formed on the side of the first transparent electrode
away from the light emitting layer by a spin coating process.
[0020] According to a specific implementation, in the
method for fabricating a display substrate provided by an
embodiment of the present disclosure, the organic material
layer is imprinted by a nano-imprint process into the plu-
rality of organic material portions arranged in an array.
[0021] According to a specific implementation, in the
method for fabricating a display substrate provided by an
embodiment of the present disclosure, the transflective layer
is formed on the side of the organic material layer away from
the light emitting layer by an evaporation process.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 schematically shows a cross-sectional view
of a display substrate according to an embodiment of the
present disclosure;

[0023] FIG. 2 schematically shows a partial cross-sec-
tional view of a display substrate according to another
embodiment of the present disclosure;

[0024] FIG. 3 schematically shows a cross-sectional view
of a display substrate according to yet another embodiment
of the present disclosure;

[0025] FIG. 4 schematically shows a simulated intensity
distribution for red, green, and blue light outputs of a display
substrate according to an embodiment of the present disclo-
sure; and

[0026] FIG. 5 schematically shows a flow chart of a
method for fabricating a display substrate according to an
embodiment of the present disclosure.
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DETAILED DESCRIPTION OF THE
DISCLOSURE

[0027] The display substrate, the fabricating method
thereof and the corresponding display device provided by
embodiments of the present disclosure will be described in
detail below with reference to the accompanying drawings.
[0028] Prior to the detailed description, it should be noted
that the same or similar reference numbers are used through-
out various drawings of the present application to refer to
components having the same structure or function. Further,
the leftmost digit in the reference number indicates the
drawing in which the reference number first appears. It
should also be noted that although various components of
the display substrate according to embodiments of the
present disclosure are illustrated to be spaced apart in the
drawings, this does not represent any limitation to the
present disclosure. In fact, it will be readily apparent to those
skilled in the art, having benefited from teachings of the
present disclosure, that all of these components in the
display substrate can be bonded with one another in any
suitable connection or coupling way. Therefore, the display
substrate can operate normally as a whole. In addition, it
should be understood that although various components of
the display substrate according to embodiments of the
present disclosure are shown in a particular absolute or
relative size, this should not be construed as limiting the
present disclosure. In fact, those skilled in the art, having
benefited from teachings of the present disclosure, can
flexibly design or select any suitable size according to actual
needs.

[0029] Referring to FIG. 1, a cross-sectional view of a
display substrate according to an embodiment of the present
disclosure is schematically illustrated. Specifically, the dis-
play substrate 100 may comprise a second reflective elec-
trode 102, a light emitting layer 103, a first transparent
electrode 101, an organic material layer 104, a transflective
layer 105, and an array of optional color filter units 1060, all
of which are stacked from bottom to top. As an advanta-
geous example, in the display substrate provided by an
embodiment of the present invention, the transflective layer
105 is in direct contact with the organic material layer 104.
Further, the organic material layer 104 may comprise a
plurality of organic material portions 1040 in an array,
wherein each organic material portion 1040 may further
comprise more than one organic material sub-portion having
different thicknesses (i.e., thicknesses in a direction perpen-
dicular to an extending plane of the entire display substrate).
For example, two sub-portions having different thicknesses
are schematically shown in FIG. 1. Apparently, it should be
noted that, in addition to the two sub-portions shown in FIG.
1, each organic material portion 1040 may alternatively
comprise any other number of sub-portions, for example,
three, as shown in FIG. 2, and the present disclosure is not
limited in this respect.

[0030] It can be seen that, in the display substrate 100
provided by an embodiment of the present disclosure, the
second electrode 102 at bottom is set to be reflective, and
correspondingly the transflective layer 105 is disposed on
the top of the display substrate 100. In this way, a micro-
cavity structure is formed inside the display substrate 100.
That is, the second reflective electrode 102 and the transflec-
tive layer 105 constitute respectively two cavity mirrors of
the microcavity structure. In this case, since the second
electrode 102 is reflective, while the transflective layer 105



US 2021/0336221 Al

is partially reflective and partially transmissive, at least a
portion of the light emitted by the light emitting layer 103
(e.g., a portion having a specific wavelength or color com-
ponent) will be enhanced because of resonance between the
two mirrors and finally exit from the transflective layer 105.
According to the working principle of microcavity, the color
or wavelength of the light that produces the resonance
enhancement effect in the microcavity is determined by the
cavity length of the microcavity (i.e., the distance between
the two mirrors (the second reflective electrode 102 and the
transflective layer 105)). This means that when the micro-
cavities are designed to have different cavity lengths, the
light output from the exit mirror (i.e., the transflective layer
105) will have different wavelengths or colors. In view of
the above mentioned principle, the present disclosure
achieves the light output of different colors, thereby con-
tributing to a color display. Specifically, as shown in FIG. 1,
the light emitting layer 103 may be configured to provide
white light, for example by mixing light of different colors.
As an example, the light emitting layer 103 may be formed
of various organic material layers. Alternatively, the light
emitting layer 103 may also be formed of various quantum
dot light emitting layers. Further, each of the organic mate-
rial portions 1040 in the organic material layer 104 com-
prises a plurality of sub-portions of different thicknesses, for
example, two sub-portions as shown in FIG. 1. In this case,
microcavities of two different lengths will be formed within
the display substrate 100, wherein one microcavity corre-
sponds to a thicker sub-portion (e.g., a sub-portion on the
left side) of the organic material portion 1040, and the other
microcavity corresponds to a thinner sub-portion (e.g., a
sub-portion on the right side) of the organic material portion
1040. Obviously, since the two organic material sub-por-
tions are different in thickness, the two microcavities thus
formed will have different cavity lengths, resulting in dif-
ferent colors of light output from them. In this way, in the
display substrate provided by an embodiment of the present
disclosure, microcavities having different cavity lengths can
be formed, thus achieving simultaneous output of different
colors of light from the display substrate, and contributing to
a color display.

[0031] Next, a specific structure of a display substrate and
a working process thereof according to an embodiment of
the present disclosure will be explained in more detail with
reference to FIG. 2. It is to be noted that, for the sake of
clarity, in FIG. 2, no complete cross-sectional view of the
entire display substrate is shown. Instead, only a cross-
sectional view of a portion of the display substrate corre-
sponding to one organic material portion is shown in FIG. 2.
That is, the cross-sectional view of the entire display sub-
strate can be considered as some repetition of the partial
cross-sectional view shown in FIG. 2, in particular, repeti-
tion of the organic material portions in an array distribution.

[0032] Similar to the display substrate 100 shown in FIG.
1, in the embodiment shown in FIG. 2, the display substrate
200 may also comprise a second reflective electrode 202, a
light emitting layer 203, a first transparent electrode 201, an
array of organic material portions 2040, a transflective layer
205, and an array of optional color filter units 2060, all of
which are stacked from bottom to top. As a specific embodi-
ment, in the display substrate 200 shown in FIG. 2, the light
emitting layer 203 may comprise three light emitting sub-
layers 2031, 2032, and 2033 which are stacked over each
other. Advantageously, the three light emitting sub-layers
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2031, 2032 and 2033 may be configured to emit red, green
and blue light, respectively. This means that light emitted
from the entire light emitting layer 203 will be mixed light
of red, green and blue light, such as white light. Further, in
the embodiment shown in FIG. 2, each of the organic
material portions 2040 may further comprise three organic
material sub-portions 2041, 2042, and 2043 having different
thicknesses.

[0033] In this case, when voltages are applied to the first
transparent electrode 201 and the second reflective electrode
202, red, green, and blue light will be emitted from the three
light emitting sub-layers 2031, 2032, and 2033 respectively.
Thus, after mixing, for example, white light will be incident
on the first transparent electrode 201 and further transmitted
to the organic material portions. In this case, since each of
the organic material sub-portions 2041, 2042, and 2043 in
each organic material portion 2040 has a different thickness,
three microcavity structures will be formed between the
transflective layer 205 and the second reflective electrode
202, which three microcavity structures correspond to the
three organic material sub-portions 2041, 2042 and 2043
respectively. In such a case, based on relevant calculations
in the microcavity, for example, the cavity length of the
microcavity corresponding to the first organic material sub-
portion 2041 (i.e., the distance between a portion of the
second reflective electrode 102 and a portion of the
transflective layer 105 coinciding with the vertical projec-
tion of the first organic material sub-portion 2041) may be
selected, such that the exit light enhanced by resonance is
red in color. In a similar manner, cavity lengths of the
microcavities corresponding to the second organic material
sub-portion 2042 and the third organic material sub-portion
2043 (i.e., distances between portions of the second reflec-
tive electrode 102 and portions of the transflective layer 105
coinciding with the vertical projections of the second
organic material sub-portion 2042 and the third organic
material sub-portion 2043 respectively) can be calculated,
such that the exit light enhanced by resonance is respectively
green and blue in color. Thus, simultaneous output of red,
green and blue light is achieved, and the entire display
substrate can be used for RGB color display.

[0034] Further, referring to FIGS. 1 and 2, in optional
embodiments, the display substrates 100, 200 may further
comprise an array of color filter units 1060, 2060. As an
example, these color filter units 1060, 2060 may be disposed
on the outermost side of the entire display substrate 100,
200, such as on a side of the transflective layers 105, 205
away from the light emitting layers 103, 203 (i.e., on the top
of the figure). Moreover, like the organic material portion
2040, in the display substrate 200 shown in FIG. 2, each
color filter unit 2060 may also comprise three color filter
sub-units 2061, 2062, and 2063, and the three color filter
sub-units 2061, 2062, and 2063 are disposed corresponding
respectively to the three sub-portions 2041, 2042, and 2043
of the organic material portion 2040. That is, the vertical
projections thereof coincide with each other. In case that
thicknesses of the first organic material sub-portion 2041,
the second organic material sub-portion 2042, and the third
organic material sub-portion 2043 are chosen to provide red,
green, and blue light outputs respectively, the three color
filter sub-units 2061, 2062, and 2063 that are disposed
correspondingly can be configured to transmit the red, green,
and blue light respectively. In this way, the output light
enhanced by microcavity resonance can be further filtered in
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wavelength distribution, so as to output more pure colors,
such as red, green, and blue. Also, light output of the entire
display substrate can be improved in color gamut. Appar-
ently, having benefited from teachings of the present dis-
closure, those skilled in the art will appreciate that the color
filter units and their various sub-units listed herein as
examples are merely optional, and are not necessarily
required. For example, if the output light already has a
relatively pure color by the resonance enhancement effect in
the microcavity of a particular cavity length, the additional
color filter sub-unit of the respective color can be omitted.
This means that in the outermost array of color filter units,
there may be only one or more color filter sub-units of
respective colors, and the present disclosure should cover all
such equivalent technical solutions.

[0035] Herein, it should also be noted that, due to the
specific selectivity of the wavelength or color of light by the
microcavity, and the resonance enhancement effect on inten-
sity, by introducing microcavity structures into the display
substrate, the final output light has a better color gamut and
higher light extraction efficiency in embodiments of the
present disclosure as compared to the conventional micro-
cavity-free display substrate, thereby contributing to an
excellent display effect. In addition, it should also be noted
that in the display substrate provided by embodiments of the
present disclosure, different cavity lengths of the microcav-
ity structure are realized by different thicknesses of several
sub-portions of the organic material layer inside the device.
This means that in the provided display substrate, both the
anode and the cathode remain the same design as that in a
conventional device without a microcavity structure. There-
fore, there is no need to form anode structures of different
thicknesses by for example multiple mask processes,
thereby making the fabrication process simpler.

[0036] It should be appreciated by those skilled in the art
that although the organic material layer in the display
substrate comprises three organic material sub-portions, as
schematically illustrated in FIG. 2, the present disclosure is
not limited thereto. For example, in an alternative embodi-
ment, the organic material layer may comprise four organic
material sub-portions, and the four organic material sub-
portions may be respectively configured to have different
thicknesses, such that red, green, blue and yellow light are
output from the four organic material sub-portions respec-
tively, thereby realizing RGBY color display. It is to be
understood that the RGB and RGBY color displays provided
by way of example are only used to explain the principle of
the present disclosure, and should not be construed as
limiting the present disclosure. In fact, those skilled in the
art, having benefited from teachings of the present disclo-
sure, can select any type of multi-pixel color display that is
currently available or may be developed in the future
according to actual needs, and this will not be further
described herein.

[0037] Referring to FIG. 3, a cross-sectional view of a
display substrate according to yet another embodiment of
the present disclosure is schematically illustrated. Similar to
the display substrate described above with reference to
FIGS. 1 and 2, in FIG. 3, the display substrate 300 may also
comprise a first transparent electrode 301, a second reflec-
tive electrode 302, a light emitting layer 303, an organic
material layer 304 comprising a plurality of organic material
sub-portions 3040, and a transflective layer 305. However,
as compared with the above two embodiments, in FIG. 3, the
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display substrate 300 may further comprise a first encapsu-
lation layer 307 and a second encapsulation layer 308. For
example, the first encapsulation layer 307 may be a thin film
encapsulation layer, and the second encapsulation layer 308
may be an inorganic encapsulation layer. Specifically, the
first encapsulation layer 307 may be disposed between the
first transparent electrode 301 and the organic material layer
304, and configured to encapsulate the core light emitting
portion of the entire display substrate 300 (e.g., comprising
the first transparent electrode 301, the second reflective
electrode 302 and the light emitting layer 303), so as to
prevent adverse effects on the light emitting performance of
the display substrate 300 caused for example by changes in
environmental factors such as temperature, humidity, and
the like. Unlike the first encapsulation layer 307, the second
encapsulation layer 308 may be disposed on the outermost
side of the entire display substrate 300, for example, on the
outer side of the transflective layer 305 (i.e., the side away
from the light emitting layer 303), thereby providing an
entire encapsulation for the display substrate 300. Herein, it
should be noted that although a thin film encapsulation layer
is used to encapsulate the core light emitting portion of the
display substrate 300 in descriptions of the present disclo-
sure, those skilled in the art will understand that any other
suitable inorganic or organic material may be used to
achieve such a encapsulating purpose, and the present dis-
closure is intended to cover all such possible equivalent
technical solutions. Further optionally, in the display sub-
strate 300 shown in FIG. 3, one or more of an electron
injection layer 309, an electron transport layer 309", a hole
injection layer 310, and a hole transport layer 310" may be
further comprised. Advantageously, the display substrate
comprises all of them. Specifically, the electron injection
layer 309 and the electron transport layer 309' may be
formed between the first transparent electrode 301 and the
light emitting layer 303, while the hole injection layer 310
and the hole transport layer 310" may be formed between the
light emitting layer 303 and the second reflective electrodes
302. Obviously, those skilled in the art should readily
appreciate that the formation positions of the electron injec-
tion layer 309, the electron transport layer 309', the hole
injection layer 310, and the hole transport layer 310' pro-
vided by the above examples are merely examples, and the
present disclosure should never be limited only to it. In fact,
having benefited from the spirit and teachings of the present
disclosure, those skilled in the art can flexibly dispose one
or more of the electron injection layer 309, the electron
transport layer 309', the hole injection layer 310, and the
hole transport layer 310" based on practical experience, and
the present disclosure is intended to cover all such equiva-
lent technical solutions.

[0038] As anexample, in the display substrate provided by
an embodiment of the present disclosure, the organic mate-
rial layer may be formed of parylene having a refractive
index of about 1.8. Alternatively, in other embodiments, the
transflective layer in the display substrate may comprise a
distributed Bragg mirror or a layer formed by MgAg.
Further, the first transparent electrode may be made of, for
example, indium tin oxide (ITO) or indium zinc oxide (IZO),
while the second reflective electrode may be made of, for
example, a highly reflective material such as silver (Ag). For
the thin film encapsulation layer, for example, materials such
as alumina (Al,O;) or silicon nitride can be used. Further,
the inorganic encapsulation layer may be made of silicon
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nitride such as SiNx. It is to be understood that the specific
materials used for the various layers are set forth by way of
example only, and are not intended to limit the present
disclosure. In fact, having benefited from teachings of the
present disclosure, those skilled in the art should be able to
flexibly select any suitable material according to actual
needs, and the present disclosure should cover all such
equivalent technical solutions.

[0039] As an example, in case that the respective layers in
the display substrate are formed using the materials listed
above, the thin film encapsulation layer formed by alumina
may have a thickness of about 100 nm, and in the layer of
parylene, the respective portions that are configured to
output red, green and blue light after resonance enhancement
may be formed respectively to be approximately 166 nm,
120 nm, and 75 nm. The simulated intensity distribution for
red, green, and blue light output in such a display substrate
is shown in FIG. 4, where the abscissa indicates the wave-
length of light, and the ordinate indicates the intensity of
light. It should be noted that the present disclosure is only
focused on the color purity of red, green and blue light,
rather than the intensity thereof. Thus, the same excitation
conditions (e.g. the same excitation current density) are
selected for different light emitting layers in the simulation
results shown in FIG. 4, thereby resulting in a peak intensity
of red light higher than those of green and blue light.
However, this does not represent any limitation on the
present disclosure. In fact, having benefited from teachings
of the present disclosure, those skilled in the art will readily
appreciate that actual excitation conditions may be varied
for different light emitting layers, in order to achieve a
desired intensity of red, green, and blue light emission.
Further, as shown in Table 1 below, the chromaticity coor-
dinates of red, green, and blue light output from such a
display substrate are relatively pure, thereby facilitating
light output of a wide color gamut, for example, up to 120%
in the NTSC color gamut.

CIEx CIEy Y
green 0.117 0.771 79.6
blue 0.146 0.032 66.8
red 0.620 0.281 25.0

[0040] Table 1 exemplary chromaticity coordinates of red,
green, and blue light output from the display substrate.

[0041] In view of the above simulation results, it is also
possible to provide a color filter sub-unit of a respective
color, in particular, a red color filter sub-unit, so as to further
improve the purity of red light, thereby allowing the color
gamut to be further improved. For example, referring to
Table 2 below, the chromaticity coordinate values of respec-
tive colors as shown in Table 1 after color filtering by the
additional red color filter sub-unit are shown. It can be seen
that after the additional color filtering, the chromaticity
coordinates of red light becomes more pure, which helps to
further increase the color gamut of the final output light.

CIEx CIEy Y
green 0.117 0.771 79.6
blue 0.146 0.032 66.8
red 0.650 0.341 66.0
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[0042] Table 2 exemplary chromaticity coordinates of red,
green, and blue light as shown in Table 1 after additional
color filtering by the red color filter sub-unit.

[0043] According to another aspect of the present disclo-
sure, a display device is also provided. Specifically, the
display device comprises the display substrate described in
any of the above embodiments. Since the specific imple-
mentation of the display device is the same as that of the
display substrate described above, it will not be described
herein.

[0044] According to yet another aspect of the present
disclosure, a method for fabricating a display substrate is
also provided. Referring to FIG. 5, a flow chart of a method
for fabricating a display substrate according to an embodi-
ment of the present disclosure is schematically illustrated.
Specifically, the fabricating method may comprise the fol-
lowing steps: S1, providing a first transparent electrode and
a second reflective electrode opposite to each other; S2,
forming a light emitting layer between the first transparent
electrode and the second reflective electrode; S3 forming an
organic material layer on a side of the first transparent
electrode away from the light emitting layer, such that the
organic material layer comprises a plurality of organic
material portions arranged in an array, and each organic
material portion comprises more than one organic material
sub-portion; and S4, forming a transtlective layer on a side
of the organic material layer away from the light emitting
layer, wherein each organic material sub-portion in each
organic material portion is further formed to have a different
thickness in a direction perpendicular to an extending sur-
face of the organic material layer, such that a distance
between a portion of the second reflective electrode and a
portion of the transflective layer corresponding to each
organic material sub-portion is different, thereby emitting
light of a different color from each organic material sub-
portion.

[0045] According to a specific implementation, in the
method for fabricating the display substrate provided above,
an organic material film may be formed firstly on a side of
the first transparent electrode away from the light emitting
layer by a spin coating process, and after that, the organic
material film may be imprinted by a nano-imprint process
into a plurality of organic material portions arranged in an
array. During the imprint process, a separate mask is not
required, and this does not cause any damage to the entire
device. Further optionally, according to other exemplary
embodiments, formation of the transflective layer on the side
of the organic material layer away from the light emitting
layer may be completed by an evaporation process. It should
be noted that although specific formation processes such as
spin coating, nano-imprinting, evaporation, etc. are men-
tioned in the above description, the present disclosure
should in no way be limited thereto. In practical applica-
tions, those skilled in the art should be able to flexibly select
any suitable forming process depending on the particular
implementations. For example, in an alternative embodi-
ment, the transflective layer may also be formed on the
upper side of the organic material layer by other coating
processes. In addition, in other alternative embodiments, the
organic material layer may also be formed into a plurality of
organic material portions arranged in an array, for example,
by a photolithography process or other mask deposition
process, and each organic material portion comprises several
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sub-portions of different thicknesses. The present disclosure
is intended to cover all such equivalent technical solutions.
[0046] Insummary, embodiments of the present disclosure
provide a display substrate and a fabricating method thereof.
In particular, in embodiments, by introducing a microcavity
structure into the display substrate, in particular, a plurality
of microcavity structures having different cavity lengths,
light of different colors are output from the display substrate
with the aid of resonance enhancement effect, which facili-
tates full color display. In addition, by virtue of the selec-
tivity of the wavelength (or color) of light by the microcav-
ity, and the resonance enhancement effect on intensity, not
only more pure red, green and blue output can be obtained,
thereby improving the color gamut, but also transmittance of
the overall display substrate can be improved. Typically, as
compared to conventional display substrates (the light trans-
mittance thereof is typically only 25%) composed of white
light and a color film substrate, light transmittance of the
substrate according to embodiments of the present disclo-
sure can be about 60% to 70%.

[0047] Those skilled in the art will appreciate that embodi-
ments having the term “substantially” herein may also
comprise embodiments having terms such as “completely”,
“entirely”, “all”, and the like. Thus, in an embodiment, the
adjectives “substantially” can also be omitted. Where appli-
cable, the term “substantially” may also relate to 90% or
higher, such as 95% or higher, particularly 99% or higher,
even more particularly 99.5% or higher, including 100%.
The term “comprising” also includes the embodiment in
which the term “comprising” means “consisting of.” The
term “and/or” particularly relates to one or more of the items
mentioned before and after “and/or”. For example, the
phrase “item 1 and/or item 2” and similar phrases may relate
to one or more of items 1 and 2. The term “comprising”, in
one embodiment may mean “consisting of,” but in another
embodiment may mean “comprising at least the defined
species and optionally one or more other species.”

[0048] In addition, the terms first, second, third, etc. in the
specification and the claims are used to distinguish between
similar elements, and are not necessarily used to describe the
sequence or chronological order. It is to be understood that
the terms so used are interchangeable, where appropriate,
and that embodiments of the present disclosure described
herein can operate in other sequences than those described
or illustrated herein.

[0049] Herein, the description of the device is performed
during operation, among other things. As will be apparent to
those skilled in the art, the present disclosure is not limited
to the method of operation or the device in operation.
[0050] It should be noted that the above-mentioned
embodiments are illustrative and not limiting, and that those
skilled in the art will be able to design many alternative
embodiments without departing from the scope of the
appended claims. In the claims, any reference signs placed
between parentheses shall not be construed as a limitation.
Use of the verb “comprise” and its conjugations does not
exclude the presence of elements or steps other than those
stated in the claims. The article “a” or “an” does not exclude
a plurality. The present disclosure can be implemented by
means of hardware comprising several discrete components,
and by means of a suitably programmed computer. In the
device claim enumerating several means, several of these
means can be embodied by a same item. The mere fact that
certain measures are recited in mutually different dependent
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claims does not indicate that a combination of these mea-
sures cannot be used to advantage.

[0051] The present disclosure is also applicable to devices
including one or more of the characterizing features
described in the specification and/or illustrated in the draw-
ings. The present disclosure is also directed to a method or
process that includes one or more of the characterizing
features described in the specification and/or illustrated in
the accompanying drawings.

[0052] The various aspects discussed in this patent can be
combined to provide additional advantages. Additionally,
some of the features may form the basis of one or more
divisional applications.

LIST OF REFERENCE NUMERALS

[0053] 100 200 300 display substrate

[0054] 101 201 301 first transparent electrode
[0055] 102 202 302 second reflective electrode
[0056] 103 203 303 light emitting layer

[0057] 2031 first light emitting sub-layer
[0058] 2032 second light emitting sub-layer
[0059] 2033 third light emitting sub-layer
[0060] 104 304 organic material layer

[0061] 1040 2040 3040 organic materials portion
[0062] 2041 first organic material sub-portion
[0063] 2042 second organic material sub-portion
[0064] 2043 third organic material sub-portion
[0065] 105 205 305 transflective layer

[0066] 1060 2060 color filter unit

[0067] 2061 first color filter sub-unit

[0068] 2062 second color filter sub-unit

[0069] 2063 third color filter sub-unit

[0070] 307 first encapsulation layer

[0071] 308 second encapsulation layer

[0072] 309 electron injection layer

[0073] 309" electron transport layer

[0074] 310 hole injection layer

[0075] 310" hole transport layer.

1. A display substrate, comprising:

a first transparent electrode and a second reflective elec-
trode opposite to each other;

a light emitting layer between the first transparent elec-
trode and the second reflective electrode;

an organic material layer on a side of the first transparent
electrode away from the light emitting layer; and

a transflective layer on a side of the organic material layer
away from the light emitting layer,

wherein the organic material layer comprises a plurality
of organic material portions in an array,

wherein each of the plurality of organic material portions
comprises more than one organic material sub-portion,
and

wherein each of the more than one organic material
sub-portion in each of the plurality of organic material
portions has a different thickness in a direction perpen-
dicular to an extending surface of the organic material
layer, such that a distance between a portion of the
second reflective electrode and a portion of the
transflective layer corresponding to each of the more
than one organic material sub-portion is different,
thereby emitting light of a different color from each of
the more than one organic material sub-portion.
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2. The display substrate according to claim 1, wherein the
transflective layer is in direct contact with the organic
material layer.

3. The display substrate according to claim 1, further
comprising:

aplurality of color filter units on a side of the transflective

layer away from the light emitting layer, each of the
plurality of color filter units comprising more than one
color filter sub-unit,

wherein an orthographic projection of each of the more

than one color filter sub-unit on the organic material
layer coincides with a respective one of the more than
one organic material sub-portion.

4. The display substrate according to claim 1, further
comprising:

a first encapsulation layer between the first transparent

electrode and the organic material layer.

5. The display substrate according to claim 1, further
comprising:

a second encapsulation layer on a side of the transflective

layer away from the light emitting layer.

6. The display substrate according to claim 1, wherein the
organic material layer comprises parylene, polydimethylsi-
loxane or polymethyl methacrylate.

7. The display substrate according to claim 1, wherein the
transflective layer comprises a distributed Bragg mirror, a
MgAg layer, an Al layer or an Au layer.

8. The display substrate according to claim 1, wherein the
more than one organic material sub-portion comprises a first
organic material sub-portion, a second organic material
sub-portion, and a third organic material sub-portion.

9. The display substrate according to claim 8,

wherein the light emitting layer comprises a first light

emitting sub-layer, a second light emitting sub-layer,
and a third light emitting sub-layer in a stack, and
wherein the first light emitting sub-layer is configured to
emit red light, the second light emitting sub-layer is
configured to emit green light, and the third light
emitting sub-layer is configured to emit blue light.

10. The display substrate according to claim 9, wherein
respective thicknesses of the first organic material sub-
portion, the second organic material sub-portion, and the
third organic material sub-portion in the direction perpen-
dicular to the extending surface of the organic material layer
are chosen such that red light, green light, and blue light are
emitted out from the first organic material sub-portion, the
second organic material sub-portion, and the third organic
material sub-portion respectively.

11. A display device, comprising the display substrate
according to claim 1.

12. A method for fabricating a display substrate, compris-
ing:

providing a first transparent electrode and a second reflec-

tive electrode opposite to each other;

forming a light emitting layer between the first transparent

electrode and the second reflective electrode;
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forming an organic material layer on a side of the first
transparent electrode away from the light emitting
layer, the organic material layer comprising a plurality
of organic material portions in an array, wherein each
of the plurality of organic material portions comprising
more than one organic material sub-portion; and

forming a transflective layer on a side of the organic
material layer away from the light emitting layer,

wherein each of the more than one organic material
sub-portion in each of the plurality of organic material
portions is further formed to have a different thickness
in a direction perpendicular to an extending surface of
the organic material layer, such that a distance between
a portion of the second reflective electrode and a
portion of the transflective layer corresponding to each
of the more than one organic material sub-portion is
different, thereby emitting light of a different color
from each of the more than one organic material
sub-portion.

13. The method according to claim 12, wherein the
organic material layer is formed on the side of the first
transparent electrode away from the light emitting layer by
a spin coating process.

14. The method according to claim 13, wherein the
organic material layer is imprinted by a nano-imprint pro-
cess into the plurality of organic material portions in the
array.

15. The method according to claim 12, wherein the
transflective layer is formed on the side of the organic
material layer away from the light emitting layer by an
evaporation process.

16. The display device according to claim 11, wherein the
transflective layer is in direct contact with the organic
material layer.

17. The display device according to claim 11, wherein the
display substrate further comprises:

a plurality of color filter units on a side of the transflective
layer away from the light emitting layer, each of the
plurality of color filter units comprising more than one
color filter sub-unit,

wherein an orthographic projection of each of the more
than one color filter sub-unit on the organic material
layer coincides with a respective one of the more than
one organic material sub-portion.

18. The display device according to claim 11, wherein the

display substrate further comprises:

a first encapsulation layer between the first transparent
electrode and the organic material layer.

19. The display device according to claim 11, wherein the

display substrate further comprises:

a second encapsulation layer on a side of the transflective
layer away from the light emitting layer.

20. The display device according to claim 11, wherein the
more than one organic material sub-portion comprises a first
organic material sub-portion, a second organic material
sub-portion, and a third organic material sub-portion.
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