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(54) ORGANIC ELECTROLUMINESCENT DISPLAY SUBSTRATE AND MANUFACTURING METHOD 
THEREFOR, DISPLAY PANEL AND DISPLAY DEVICE

(57) An organic electroluminescence display sub-
strate and a fabrication method thereof, a display panel
and a display device are provided. The organic electro-
luminescence display substrate (10) includes a pixel ar-
ray (100) and a light extraction layer (200). The pixel array
(100) includes a plurality of pixels (110), each pixel (110)
includes a first sub-pixel (120) emitting light of a first color,
and each first sub-pixel (120) includes an organic elec-
troluminescence element (150). The light extraction layer
(100) covers on the pixel array (100), and at least includes
a plurality of first light extraction units (211) and a plurality
of second light extraction units (212) arranged in parallel

and having different optical properties. A cathode
light-emission side of each first sub-pixel (120) is covered
by at least one first light extraction unit (211) and at least
one second light extraction unit (212), or the cathode
light-emission sides of two adjacent first sub-pixels (120)
are respectively covered by at least one first light extrac-
tion unit (211) and at least one second light extraction
unit (212). By providing at least two light extraction units
with optical properties different from each other, improve-
ment of a luminance viewing angle characteristic and/or
a chrominance viewing angle characteristic is imple-
mented.
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Description

TECHNICAL FIELD

[0001] Embodiments of the present disclosure relate to an organic electroluminescence display substrate, a display
panel, a display device, and a fabrication method of the organic electroluminescence display substrate.

BACKGROUND

[0002] Due to advantages such as self-illumination, low power consumption, fast response, flexibility, high contrast,
wide viewing angle, ultra-thinness, low cost and the like, an organic electroluminescence element is increasingly favored
by people. For example, the organic electroluminescence element includes an anode, a cathode and an organic light
emitting layer provided between the anode and the cathode, the anode is provided on a side close to a base substrate,
and the cathode is provided on a side away from the base substrate.
[0003] According to a light emission direction, the organic electroluminescence element is divided into an organic
electroluminescence element of a bottom-emission type, an organic electroluminescence element of a top-emission
type and an organic electroluminescence element of a bilateral-emission type. The organic electroluminescence element
of the bottom-emission type refers to an organic electroluminescence element whose light is emitted from the side of
the base substrate (i.e., an anode emission side), the organic electroluminescence element of the top-emission type
refers to an organic electroluminescence element whose light is emitted from the top of the element (i.e., a cathode
emission side), and the light-emitting element of the bilateral-emission type refers to an organic electroluminescence
element whose light is emitted simultaneously from the side of the base substrate and the top of the element (i.e., the
anode emission side and the cathode emission side).
[0004] Due to a broad fluorescence spectra of an organic light emitting material, it is necessary to introduce an optical
microcavity into the organic electroluminescence element, to narrow a full width at half maximum (FWHM) of the emission
spectra by a microcavity resonance effect. However, due to a strong selective effect of the optical microcavity on a
wavelength, luminance and color coordinates of the emission light of the organic electroluminescence element of the
microcavity type change with a viewing angle, and thus a display effect is affected. Therefore, improving a luminance
viewing angle characteristic and/or a chrominance viewing angle characteristic of the organic electroluminescence
element is an urgent problem to be solved in a display field.

SUMMARY

[0005] The embodiments of the disclosure provide an organic electroluminescence display substrate. The organic
electroluminescence display substrate comprises a pixel array and a light extraction layer. The pixel array includes a
plurality of pixels arranged in an array, each of the pixels includes a first sub-pixel emitting light of a first color, and each
of the first sub-pixels includes an organic electroluminescence element. The light extraction layer covers on the pixel
array and at least includes a plurality of first light extraction units and a plurality of second light extraction units, and an
optical property of the first light extraction unit and an optical property of the second light extraction unit are different
from each other. Cathode light-emission sides of two adjacent first sub-pixels are covered by at least one of the first
light extraction units and at least one of the second light extraction units.
[0006] The embodiments of the disclosure provide a display panel. The display panel comprises the organic electro-
luminescence display substrate as described above.
[0007] The embodiments of the disclosure provide a display device. The display device comprises the display substrate
as described above or the display panel as described above.
[0008] The embodiments of the disclosure provide a fabrication method of an organic electroluminescence display
substrate. The fabrication method comprises: forming a pixel array and forming a light extraction layer. The pixel array
includes a plurality of pixels arranged in an array, each of the pixels includes a first sub-pixel emitting light of a first color,
and each of the first sub-pixels includes an organic electroluminescence element. The light extraction layer covers on
the pixel array and at least includes a plurality of first light extraction units and a plurality of second light extraction units,
an optical property of the first light extraction unit and an optical property of the second light extraction unit are different
from each other. Cathode light-emission sides of two adjacent first sub-pixels are covered by at least one of the first
light extraction units and at least one of the second light extraction units.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] In order to clearly illustrate the technical solution of the embodiments of the disclosure, the drawings of the
embodiments will be briefly described in the following; it is obvious that the described drawings are only related to some



EP 3 550 608 A1

3

5

10

15

20

25

30

35

40

45

50

55

embodiments of the disclosure and thus are not limitative of the disclosure.

FIG. 1(a) is a cross-sectional schematic diagram of a structure of an organic electroluminescence display substrate
provided by embodiments of the present disclosure;
FIG. 1(b) is a cross-sectional schematic diagram of another structure of the organic electroluminescence display
substrate provided by the embodiments of the present disclosure;
FIG. 1(c) is a cross-sectional schematic diagram of still another structure of the organic electroluminescence display
substrate provided by the embodiments of the present disclosure;
FIG. 2(a) is a Lambertian view of influence of different refractive indexes of a light extraction unit on a change of a
luminance of an organic electroluminescence element with a viewing angle variation;
FIG. 2(b) is a Lambertian view of influence of different thicknesses of the light extraction unit on a change of the
luminance of the organic electroluminescence element with the viewing angle variation;
FIG. 3 is a cross-sectional schematic diagram of still another structure of the organic electroluminescence display
substrate provided by the embodiments of the present disclosure;
FIG. 4 is a cross-sectional schematic diagram of still another structure of the organic electroluminescence display
substrate provided by the embodiments of the present disclosure;
FIG. 5 is a cross-sectional schematic diagram of still another structure of the organic electroluminescence display
substrate provided by the embodiments of the present disclosure;
FIG. 6 is a cross-sectional schematic diagram of still another structure of the organic electroluminescence display
substrate provided by the embodiments of the present disclosure;
FIG. 7 is a principle diagram of calculating a minimum resolving distance of a human eye;
FIG. 8 is a cross-sectional schematic diagram of still another structure of the organic electroluminescence display
substrate provided by the embodiments of the present disclosure;
FIG. 9 is a cross-sectional schematic diagram of still another structure of the organic electroluminescence display
substrate provided by the embodiments of the present disclosure;
FIG. 10 is a cross-sectional schematic diagram of still another structure of the organic electroluminescence display
substrate provided by the embodiments of the present disclosure;
FIG. 11 is a schematic diagram of a display device provided by the embodiments of the present disclosure; and
FIG. 12 is a flow chart of a fabrication method of an organic electroluminescence display substrate provided by the
embodiments of the present disclosure.

DETAILED DESCRIPTION

[0010] In order to make objects, technical details and advantages of the embodiments of the disclosure apparent, the
technical solutions of the embodiments will be described in a clearly and fully understandable way in connection with
the drawings related to the embodiments of the disclosure. It is obvious that the described embodiments are just a part
but not all of the embodiments of the disclosure. Based on the described embodiments herein, those skilled in the art
can obtain other embodiment(s), without any inventive work, which should be within the scope of the disclosure.
[0011] Unless otherwise defined, the technical terms or scientific terms here should be of general meaning as under-
stood by those ordinarily skilled in the art. In the descriptions and claims of the present disclosure, expressions such as
"first", "second" and the like do not denote any order, quantity, or importance, but rather are used for distinguishing
different components. In addition, in the embodiments of the disclosure, same or similar references represent same or
similar references.
[0012] Embodiments of the present disclosure provide an organic electroluminescence display substrate, a display
panel, a display device, and a fabrication method of the organic electroluminescence display substrate; the organic
electroluminescence display substrate, by providing at least two light extraction units with optical properties different
from each other, implements improvement of a luminance viewing angle characteristic and/or a chrominance viewing
angle characteristic.
[0013] At least one embodiment of the present disclosure provides the organic electroluminescence display substrate,
the organic electroluminescence display substrate comprising a pixel array and a light extraction layer. The pixel array
includes a plurality of pixels arranged in an array, each pixel includes a first sub-pixel emitting light of a first color, and
each first sub-pixel includes an organic electroluminescence element; the light extraction layer covers on the pixel array,
and for example, at least includes a plurality of first light extraction units and a plurality of second light extraction units
arranged in parallel, an optical property of the first light extraction unit and an optical property of the second light extraction
unit are different from each other; cathode light-emission sides of two adjacent first sub-pixels are covered by at least
one of the first light extraction units and at least one of the second light extraction units. For example, the cathode light-
emission side of each first sub-pixel is covered by at least one of the first light extraction units and at least one of the
second light extraction units, or the cathode light-emission sides of two adjacent first sub-pixels are respectively covered
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by at least one of the first light extraction units and at least one of the second light extraction units.
[0014] For example, in the embodiments of the present disclosure, the expression of "two adjacent first sub-pixels"
indicates that there is no other first sub-pixel included between the above-described two adjacent first sub-pixels, but
neither limits that the above-described two adjacent first sub-pixels need to be in physical contact, nor limits that other
sub-pixel other than the first sub-pixel is not provided between the above-described two adjacent first sub-pixels. For
example, in the case that that each pixel only includes the first sub-pixel, there is not provided any sub-pixel including
the first sub-pixel between the two adjacent first sub-pixels; and for another example, in the case that each pixel includes
the first sub-pixel, a second sub-pixel, and a third sub-pixel, a second sub-pixel and/or a third sub-pixel may further be
provided between the two adjacent first sub-pixels.
[0015] The cathode light-emission side of the organic electroluminescence element is covered by the light extraction
unit, the number of surface plasma polaritons near a cathode electrode is decreased, so energy dissipation of light near
the cathode electrode is decreased, and effective transmissivity of the cathode electrode is increased. The light extraction
units with different thicknesses and/or different refractive indexes allow the cathode electrode to have different effective
transmissivities and reflectivities, so changes of luminance and color coordinates (chrominance) of the organic electro-
luminescence element with a viewing angle variation are also different. By introducing at least two light extraction units
and by utilizing an average effect of the at least two light extraction units on light emission luminance and the color
coordinates, it is possible to implement improvement of a luminance viewing angle characteristic and/or a chrominance
viewing angle characteristic of the organic electroluminescence element and the organic electroluminescence display
substrate.
[0016] For example, FIG. 1(a) is a cross-sectional schematic diagram of a structure of the organic electroluminescence
display substrate 10 provided by the embodiments of the present disclosure. As shown in FIG. 1(a), the organic elec-
troluminescence display substrate 10 comprises a pixel array 100 and a light extraction layer 200. The pixel array 100
includes a plurality of pixels 110 arranged in an array (a one-dimensional array or a two-dimensional array); each pixel
110 includes a first sub-pixel 120 emitting light of a first color, and each first sub-pixel 120 includes an organic electro-
luminescence element 150; the organic electroluminescence element 150 is an organic electroluminescence element
of top-emission type or an organic electroluminescence element of bilateral-emission type. For example, the pixel 110
only includes the first sub-pixel 120 emitting light of the first color; and for another example, according to an actual need,
the pixel 110 further includes a second sub-pixel 130 emitting light of a second color and a third sub-pixel 140 emitting
light of a third color, each second sub-pixel 130 and each third sub-pixel 140 include the organic electroluminescence
element 150, which will not be specifically limited in the present disclosure. For example, the light extraction layer 200
covers on the pixel array 100, and includes a plurality of first light extraction units 211 and a plurality of second light
extraction units 212 arranged in parallel, for example, the first light extraction unit 211 and the second light extraction
unit 212 have a same thickness but different refractive indexes. A cathode light-emission side of each first sub-pixel 120
is covered by one of the first light extraction units 211 and one of the second light extraction units 212.
[0017] FIG. 1(b) is a cross-sectional schematic diagram of another structure of the organic electroluminescence display
substrate provided by the embodiments of the present disclosure. As shown in FIG. 1(b), the organic electroluminescence
display substrate 10 differs from the organic electroluminescence display substrate 10 shown in FIG. 1(a) in that the
first light extraction unit 211 and the second light extraction unit 212 have different thicknesses. Since the first light
extraction unit 211 and the second light extraction unit 212 are made of a same material, so a preparation process of
the light extraction layer 200 shown in FIG. 1(b) is simpler than a preparation process of the light extraction layer 200
shown in FIG. 1(a).
[0018] FIG. 1(c) is a cross-sectional schematic diagram of still another structure of the organic electroluminescence
display substrate provided by the embodiments of the present disclosure. As shown in FIG. 1(c), the first light extraction
unit 211 and the second light extraction unit 212 of the organic electroluminescence display substrate 10 have different
thicknesses and coverage areas. The organic electroluminescence display substrate 10 differs from the organic elec-
troluminescence display substrate 10 shown in FIG. 1(b) in that the light extraction layer is formed in different modes,
the first light extraction unit 211 and the second light extraction unit 212 shown in FIG. 1(c) include a first unit layer 241
and the second light extraction unit 212 further includes a second unit layer 242, and the second unit layer 242 covers
on the first unit layer 241.
[0019] For example, a preparation method of the first light extraction unit 211 and the second light extraction unit 212
shown in FIG. 1(c) is that: firstly, the first unit layer 241 is formed on the cathode light-emission side of the pixel array
100, and then, the second unit layer 242 is formed in a region corresponding to the second light extraction unit 212, so
as to implement that the first light extraction unit 211 and the second light extraction unit 212 with different thicknesses
cover on a same sub-pixel. As a result, the thicknesses of the first light extraction unit 211 and the second light extraction
unit 212 are more finely controlled, and the process of fabricating the first light extraction unit 211 and the second light
extraction unit 212 is further simplified.
[0020] For example, the first light extraction unit 211 and the second light extraction unit 212 shown in FIG. 1(c) are
formed with fine metal masks. For example, the first light extraction unit 211 and the second light extraction unit 212
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shown in FIG. 1(c) are made, for example, of an organic material such as 8-hydroxyquinoline aluminum (Alq3), or are
made, for example, of an inorganic material such as titanium dioxide (TiO2), magnesium oxide (MgO), magnesium
fluoride (MgF2), silicon dioxide (SiO2), or are made of other suitable materials, and the formed light extraction units are
capable of extracting light and are capable of improving the luminance viewing angle characteristic and/or the chromi-
nance viewing angle characteristic.
[0021] Hereinafter, influence of the light extraction units with different refractive indexes on the change of the luminance
of the organic electroluminescence element with the viewing angle variation, and a principle of improving the luminance
viewing angle characteristic of the organic electroluminescence display substrate 10 shown in FIG. 1(a) by providing at
least two light extraction units with different refractive indexes will be described in conjunction with a simulation result
in FIG. 2(a).
[0022] A Lambertian view shown in FIG. 2(a) shows the influence of the refractive index of the light extraction unit
(denoted by cpl in the drawing) on the change of red light luminance of the organic electroluminescence element 150
with the viewing angle variation, and at this time, the thickness of the light extraction layer is 55 nm (i.e., 55 nanometres).
As shown in FIG. 2(a), in the case that the refractive index of the light extraction unit is relatively small (for example,
n=1.4), the luminance of the organic electroluminescence element 150 is relatively strong at a viewing angle of zero
(i.e., in front), the luminance rapidly decreases as the viewing angle increases, and the luminance at a large viewing
angle is relatively weak; in the case that the refractive index of the light extraction unit is relatively large (for example,
n=2), the luminance of the organic electroluminescence element 150 is relatively weak at the viewing angle of zero (i.e.,
in front), the luminance decreases slowly as the viewing angle increases, and the luminance at the large viewing angle
is relatively strong.
[0023] In the case where the organic electroluminescence element 150 are covered by two light extraction units with
different refractive indexes, since the two light extraction units are provided on the same organic electroluminescence
element 150, effective light emission luminance of the organic electroluminescence element 150 is (light emission
luminance if only the first unit layer is provided3width of the first light extraction unit 211+light emission luminance if
only the second unit layer is provided3width of the second light extraction unit 212)/(width of the first light extraction
unit 211+ width of the second light extraction unit 212). For example, in a case where the width of the first light extraction
unit 211 and the width of the second light extraction unit 212 are the same, the effective light emission luminance of the
organic electroluminescence element 150 is half the sum of the above-described two light emission luminances. Thus,
in a case where one light extraction unit having relatively high luminance at the small viewing angle and having relatively
low luminance at the large viewing angle, and the other light extraction unit having relatively low luminance at the small
viewing angle and having relatively high luminance at the large viewing angle are provided on the same organic elec-
troluminescence element 150, change of the luminance of the organic electroluminescence element 150 with the viewing
angle variation becomes slow, so that it is possible to improve the luminance viewing angle characteristic of the organic
electroluminescence element 150, and further it is possible to improve the luminance viewing angle characteristic of the
organic electroluminescence display substrate 10 shown in FIG. 1(a).
[0024] Hereinafter, influence of the light extraction units with different refractive indexes on the change of red light
color coordinates of the organic electroluminescence element 150 with the viewing angle variation, and a principle of
improving the chrominance viewing angle characteristic of the organic electroluminescence display substrate 10 shown
in FIG. 1(a) by providing at least two light extraction units with different refractive indexes will be illustrated in conjunction
with a simulation result in Table 1.
[0025] Table 1 shows the influence of the light extraction unit with different refractive indexes on the change of the
color coordinates of the organic electroluminescence element 150 with the viewing angle variation, CIEx and CIEy
represent the color coordinates of the light emitted by the organic electroluminescence element 150, and Δu’Δv’ represents
a color shift of the organic electroluminescence element 150 with respect to a zero-degree viewing angle.

Table 1

Refractive index Angle CIEx CIEy Δu’Δv’

1.4+2 0 0.6348 0.3562 0

30 0.6231 0.3678 0.018953

60 0.6248 0.3686 0.018374

1.4 0 0.629104 0.344556 0

30 0.606199 0.36185 0.03284

60 0.538779 0.411725 0.114858

1.7 0 0.631645 0.342832 0
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[0026] As shown in Table 1, in a case where only one light extraction unit is covered on the organic electroluminescence
element 150, the color shift at the large viewing angle (for example, 60°) is relatively large; and in a case where two light
extraction units respectively having refractive indexes of 1.4 and 2 are covered on the same organic electroluminescence
element 150, the color shift at the large viewing angle is relatively small. Therefore, by providing two light extraction
units with different refractive indexes on the same organic electroluminescence element 150, it is possible to implement
improvement of the chrominance viewing angle characteristic of the organic electroluminescence element 150, and
further it is possible to improve the chrominance viewing angle characteristic of the organic electroluminescence display
substrate 10 shown in FIG. 1(a).
[0027] Hereinafter, influence of light extraction units with different thicknesses on the change of the luminance of the
organic electroluminescence element 150 with the viewing angle variation, and a principle of improving the luminance
viewing angle characteristic of the organic electroluminescence display substrate 10 shown in FIG. 1(b) and FIG. 1(c)
by providing at least two light extraction units with different thicknesses will be illustrated in conjunction with a simulation
result in FIG. 2(b).
[0028] The Lambertian view shown in FIG. 2(b) shows the influence of the thickness of the light extraction unit (denoted
by cpl in the diagram) on the change of green light luminance with the viewing angle variation, and at this time, the
refractive index of the light extraction layer is 1.8. As shown in FIG. 2(b), in the case that the thickness of the light
extraction unit is 45 nanometres, the luminance of the organic electroluminescence element 150 at the large viewing
angle is relatively weak; and in the case that the thickness of the light extraction unit is 65 nanometres, the luminance
of the organic electroluminescence element 150 at the large viewing angle is relatively strong. Therefore, by providing
two light extraction units with different thicknesses on the same organic electroluminescence element 150, it is possible
to implement improvement of the luminance viewing angle characteristic of the organic electroluminescence element
150, and further it is possible to improve the luminance viewing angle characteristic of the organic electroluminescence
display substrate 10 shown in FIG. 1(b) and FIG. 1(c).
[0029] Hereinafter, influence of the light extraction units with different thicknesses on the change of green light color
coordinates of the organic electroluminescence element 150 with the viewing angle variation, and a principle of improving
the chrominance viewing angle characteristic of the organic electroluminescence display substrate 10 shown in FIG.
1(b) and FIG. 1(c) by providing at least two light extraction units with different thicknesses will be illustrated in conjunction
with a simulation result in Table 2.
[0030] Table 2 shows the influence of the light extraction units with different thicknesses on the change of the color
coordinates of the organic electroluminescence element 150 with the viewing angle variation.

(continued)

Refractive index Angle CIEx CIEy Δu’Δv’

30 0.617112 0.356856 0.023984

60 0.538779 0.411725 0.118496

2 0 0.627435 0.346448 0

30 0.61708 0.358883 0.019072

60 0.610311 0.370266 0.033674

Table 2

Angle CIEx CIEy Δu’Δv’

45nm+65nm 0 0.2412 0.7136 0

60 0.2299 0.7084 0.004348

45nm 0 0.235791 0.703793 0

60 0.179651 0.701432 0.021888

55nm 0 0.227508 0.706337 0

60 0.203398 0.694228 0.009436

65nm 0 0.215614 0.713421 0

60 0.23029 0.681098 0.009705
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[0031] As shown in Table 2, in a case where only one light extraction unit is covered on the organic electroluminescence
element 150, the color shift at the large viewing angle is relatively large; and in a case where two light extraction units
respectively having thicknesses of 45 nanometre and 60 nanometre cover on the same organic electroluminescence
element 150, the color shift at the large viewing angle is relatively small. Therefore, by providing two light extraction
units with different thicknesses on the same organic electroluminescence element 150, it is possible to implement
improvement of the chrominance viewing angle characteristic of the organic electroluminescence element 150, and
further it is possible to improve the chrominance viewing angle characteristic of the organic electroluminescence display
substrate 10 shown in FIG. 1(b) and FIG. 1(c).
[0032] For example, the organic electroluminescence display substrate 10 further comprises a second sub-pixel 130
emitting light of a second color and a third sub-pixel 140 emitting light of a third color, each second sub-pixel 130 and
each third sub-pixel 140 includes the organic electroluminescence element 150.
[0033] For example, FIG. 3 is a cross-sectional schematic diagram of still another structure of the organic electrolu-
minescence display substrate 10 provided by the embodiments of the present disclosure. As shown in FIG. 3, the organic
electroluminescence display substrate 10 differs from the organic electroluminescence display substrate 10 shown in
FIG. 1 in that the first light extraction unit 211 and the second light extraction unit 212 not only cover the cathode light-
emission side of the first sub-pixel 120, but also at least partially covers cathode light-emission sides of the adjacent
second sub-pixel 130 and the adjacent third sub-pixel 140, respectively. Since the cathode light-emission side of the
first sub-pixel 120 is covered by the first light extraction unit 211 and the second light extraction unit 212 with different
refractive indexes or different thicknesses, it is possible to improve the luminance viewing angle characteristics and/or
the chrominance viewing angle characteristics of the light of the first color of the organic electroluminescence display
substrate 10. Since the widths of the first light extraction unit 211 and the second light extraction unit 212 are increased,
difficulty in fabricating the light extraction layer 200 is reduced.
[0034] For example, FIG. 4 is a cross-sectional schematic diagram of still another structure of the organic electrolu-
minescence display substrate provided by the embodiments of the present disclosure. As shown in FIG. 4, the organic
electroluminescence display substrate 10 differs from the organic electroluminescence display substrate 10 shown in
FIG. 1 in that the light extraction layer 200 further includes a plurality of third light extraction units 221 and a plurality of
fourth light extraction unit 222 arranged in parallel. An optical property of the third light extraction unit 221 and an optical
property of the fourth light extraction unit 222 are different from each other, for example, the third light extraction unit
221 and the fourth light extraction unit 222 have different refractive indexes or different thicknesses. The cathode light-
emission side of each second sub-pixel 130 is covered by one third light extraction unit 221 and one fourth light extraction
unit 222. Since the cathode light-emission side of the second sub-pixel 130 is covered by one third light extraction unit
221 and one fourth light extraction unit 222, the luminance viewing angle characteristic and/or the chrominance viewing
angle characteristic of the light of the second color of the organic electroluminescence display substrate 10 are also
improved.
[0035] For example, as shown in FIG. 4, the organic electroluminescence display substrate 10 further comprises a
plurality of fifth light extraction units 231 and a plurality of sixth light extraction units 232 arranged in parallel. An optical
property of the fifth light extraction unit 231 and an optical property of the sixth light extraction unit 232 are different from
each other, for example, the fifth light extraction unit 231 and the sixth light extraction unit 232 have different refractive
indexes or different thicknesses. The cathode light-emission side of each third sub-pixel 140 is covered by one fifth light
extraction unit 231 and one sixth light extraction unit 232. Since the cathode light-emission side of the third sub-pixel
140 is covered by one fifth light extraction unit 231 and one sixth light extraction unit 232, the luminance viewing angle
characteristic and/or the chrominance viewing angle characteristic of the light of the third color of the organic electrolu-
minescence display substrate 10 are also improved.
[0036] Since the light extraction layer 200 shown in FIG. 4 have two light extraction units with different optical properties
provided respectively with respect to the first sub-pixel 120, the second sub-pixel 130 and the third sub-pixel 140, the
luminance viewing angle characteristics and/or the chrominance viewing angle characteristics of the light of the first
color, the light of the second color and the light of the third color are better improved.
[0037] For example, in order to reduce process complexity of the organic electroluminescence display substrate 10,
thicknesses and refractive indexes of the first light extraction unit, the third light extraction unit and the fifth light extraction
unit shown in FIG. 4 are set to be same; for another example, thicknesses and refractive indexes of the second light
extraction unit, the fourth light extraction unit and the sixth light extraction unit shown in FIG. 4 are set to be same.
[0038] For example, in order to improve the luminance viewing angle characteristics and/or the chrominance viewing
angle characteristics of the light of the first color, the light of the second color and the light of the third color to a largest
extent, the thicknesses and the refractive indexes of the first light extraction unit, the third light extraction unit and the
fifth light extraction unit shown in FIG. 4 are set to be different from each other; and the thicknesses and the refractive
indexes of the second light extraction unit, the fourth light extraction unit and the sixth light extraction unit shown in FIG.
4 are set to be different from each other.
[0039] For example, FIG. 5 is a cross-sectional schematic diagram of still another structure of the organic electrolu-
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minescence display substrate 10 provided by the embodiments of the present disclosure. As shown in FIG. 5, the organic
electroluminescence display substrate 10 differs from the organic electroluminescence display substrate 10 shown in
FIG. 1 in that: the organic electroluminescence display substrate 10 shown in FIG. 5 further comprises the second sub-
pixel 130 emitting light of the second color and the third sub-pixel 140 emitting light of the third color, each second sub-
pixel 130 and each third sub-pixel 140 include the organic electroluminescence element 150. Each second sub-pixel
130 is covered by the first light extraction unit 211 and the second light extraction unit 212, and each third sub-pixel 140
is covered by the first light extraction unit 211 and the second light extraction unit 212; and the cathode light-emission
sides of any two adjacent sub-pixels among the first sub-pixels 120, the second sub-pixels 130 and the third sub-pixels
140 are at least partially covered by a same first light extraction unit 211 or a same second light extraction unit 212, so
that each of the first sub-pixel 120, the second sub-pixel 130 and the third sub-pixel 140 is covered by at least two light
extraction layers of different optical properties.
[0040] For example, in the organic electroluminescence display substrate 10 shown in FIG. 5, the first sub-pixel 120
and the second sub-pixel 130 adjacent to each other on the left side of FIG. 5 are partially covered by the same first
light extraction unit 211, and the first sub-pixel 120 and the second sub-pixel 130 adjacent to each other on the right
side of FIG. 5 are partially covered by the same second light extraction unit 212; the first sub-pixel 120 and the third
sub-pixel 140 on the left side of FIG. 5 are partially covered by the same second light extraction unit 212; the first sub-
pixel 120 and the third sub-pixel 140 on the right side of FIG. 5 are partially covered by the same first light extraction
unit 211. Since each of the first sub-pixel 120, the second sub-pixel 130 and the third sub-pixel 140 is covered by two
light extraction units with different optical properties, the luminance viewing angle characteristics and/or the chrominance
viewing angle characteristics of the light of the first color, the light of the second color and the light of the third color are
all be improved. Since one light extraction unit is shared by every two sub-pixels, the width of the light extraction unit is
increased, so that difficulty in fabricating the light extraction layer 200 is reduced.
[0041] For example, the light extraction layer shown in FIG. 5 is not limited to have only two light extraction units (i.e.
the first light extraction unit and the second light extraction unit) provided, and it may have more light extraction units
with optical properties different from one another provided. For example, three light extraction units (the first light extraction
unit, the second light extraction unit and a seventh light extraction unit) are provided, and in this case, the first sub-pixel
and the second sub-pixel adjacent to each other are partially covered by the same first light extraction unit, the first sub-
pixel and the third sub-pixel adjacent to each other are partially covered by the same second light extraction unit, and
the third sub-pixel and the second sub-pixel adjacent to each other are partially covered by the same seventh light
extraction unit (not shown in FIG. 5). Therefore, the number of light extraction units to be provided is not limited in the
present application.
[0042] For example, FIG. 6 is a cross-sectional schematic diagram of still another structure of the organic electrolu-
minescence display substrate provided by the embodiments of the present disclosure. As shown in FIG. 6, the organic
electroluminescence display substrate 10 comprises the pixel array 100 and the light extraction layer 200. The pixel
array 100 includes the plurality of pixels 110 arranged in the array, each pixel 110 includes the first sub-pixel 120 emitting
light of the first color, and each first sub-pixel 120 includes the organic electroluminescence element 150; the organic
electroluminescence element 150 for example is the organic electroluminescence element of top-emission type or the
organic electroluminescence element of bilateral-emission type. The light extraction layer 200 covers on the pixel array
100, and includes the plurality of first light extraction units 211 and the plurality of second light extraction units 212
arranged in parallel, the first light extraction unit 211 and the second light extraction unit 212 have different thicknesses
or refractive indexes. The cathode light-emission sides of two adjacent first sub-pixels 120 are respectively covered by
at least one of the first light extraction units 211 and at least one of the second light extraction units 212.
[0043] Hereinafter, a principle of improving the luminance viewing angle characteristic and/or the chrominance viewing
angle characteristic of the organic electroluminescence display substrate 10 shown in FIG. 6 will be illustrated in con-
junction with FIG. 7. Point O represents a pupil center of an eye, θ represents a minimum angle (about 1’) of two points
that are distinguished by the eye with respect to the pupil center, D represents a distance from the eye to a display
screen (such distance of a mobile phone is usually 25cm), L is a minimum distance (usually greater than 0.1mm) that
is distinguished by the eye. With respect to the mobile phone with resolution of QHD, a distance between two adjacent
sub-pixels of a same color is less than 0.04 mm (which is about 0.02 mm for green). Thus, the human eyes are unable
to distinguish two adjacent sub-pixels of the same color of the mobile phone with resolution of QHD (quarter of resolution
of full high definition of 1920*1080), and deem the two adjacent sub-pixels of the same color of the mobile phone with
resolution of QHD as a same light-emitting point. Therefore, with respect to the organic electroluminescence display
substrate 10 shown in FIG. 6, it is equivalent to a case where the first light extraction units 211 and the second light
extraction unit 212 with different optical properties are provided at the same light emission point, so that it is possible to
implement improvement of the luminance viewing angle characteristic and/or the chrominance viewing angle charac-
teristic of the light of the first color.
[0044] For example, according to an actual application need, the light extraction layer 200 is set as below: the cathode
light-emission side of one first sub-pixel 120 of the two adjacent first sub-pixels 120 is covered by one first light extraction
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unit 211, and the cathode light-emission side of the other first sub-pixel 120 of the two adjacent first sub-pixels 120 is
covered by one second light extraction unit 212. In this case, it is also equivalent to a case where the first light extraction
units 211 and the second light extraction unit 212 with different optical properties are provided at the same light emission
point, so that it is also possible to implement improvement of the luminance viewing angle characteristic and/or the
chrominance viewing angle characteristic of the light of the first color to a certain extent.
[0045] For example, the organic electroluminescence display substrate 10 further comprises the second sub-pixel
130 emitting light of the second color and the third sub-pixel 140 emitting light of the third color, each second sub-pixel
130 and each third sub-pixel 140 include the organic electroluminescence element 150.
[0046] For example, FIG. 8 is a cross-sectional schematic diagram of still another structure of the organic electrolu-
minescence display substrate 10 provided by the embodiments of the present disclosure. As shown in FIG. 8, the organic
electroluminescence display substrate 10 differs from the organic electroluminescence display substrate 10 shown in
FIG. 6 in that the first light extraction unit 211 and the second light extraction unit 212 not only cover the cathode light-
emission side of the first sub-pixel 120, but also at least partially cover the cathode light-emission sides of the second
sub-pixel 130 and the third sub-pixel 140. Since the cathode light-emission sides of the two adjacent first sub-pixels 120
are respectively covered by the first light extraction unit 211 and the second light extraction unit 212 with different
refractive indexes or different thicknesses, it is possible to improve the luminance viewing angle characteristics and/or
the chrominance viewing angle characteristics of the light of the first color of the organic electroluminescence display
substrate 10. Since the widths of the first light extraction unit 211 and the second light extraction unit 212 are increased,
the difficulty in fabricating the light extraction layer 200 is reduced.
[0047] For example, FIG. 9 is a cross-sectional schematic diagram of still another structure of the organic electrolu-
minescence display substrate 10 provided by the embodiments of the present disclosure. As shown in FIG. 9, the organic
electroluminescence display substrate 10 differs from the organic electroluminescence display substrate 10 shown in
FIG. 6 in that the light extraction layer 200 further includes the plurality of third light extraction units 221 and the plurality
of fourth light extraction unit 222 arranged in parallel. The optical property of the third light extraction unit 221 and the
optical property of the fourth light extraction unit 222 are different from each other, for example, the third light extraction
unit 221 and the fourth light extraction unit 222 have different refractive indexes or different thicknesses. The cathode
light-emission sides of two adjacent second sub-pixels 130 are respectively covered by one third light extraction unit
221 and one fourth light extraction unit 222. As a result, it is possible to improve the luminance viewing angle characteristic
and/or the chrominance viewing angle characteristic of the light of the second color of the organic electroluminescence
display substrate 10.
[0048] For example, as shown in FIG. 9, the organic electroluminescence display substrate 10 further comprises the
plurality of fifth light extraction units 231 and the plurality of sixth light extraction units 232 arranged in parallel. The
optical property of the fifth light extraction unit 231 and the optical property of the sixth light extraction unit 232 are
different from each other, for example, the fifth light extraction unit 231 and the sixth light extraction unit 232 have different
refractive indexes or different thicknesses. The cathode light-emission sides of two adjacent third sub-pixels 140 are
respectively covered by one fifth light extraction unit 231 and one sixth light extraction unit 232. As a result, it is possible
to improve the luminance viewing angle characteristic and/or the chrominance viewing angle characteristic of the light
of the third color of the organic electroluminescence display substrate 10.
[0049] For example, since the light extraction layer 200 shown in FIG. 9 have two light extraction units with different
optical properties provided respectively with respect to the two adjacent first sub-pixels 120, two light extraction units
with different optical properties provided respectively with respect to the two adjacent second sub-pixels 130 and two
light extraction units with different optical properties provided respectively with respect to the two adjacent third sub-
pixels 140, the luminance viewing angle characteristics and/or the chrominance viewing angle characteristics of the light
of the first color, the light of the second color and the light of the third color are improved to a largest extent.
[0050] For example, FIG. 10 is a cross-sectional schematic diagram of still another structure of the organic electrolu-
minescence display substrate 10 provided by the embodiments of the present disclosure. As shown in FIG. 10, the
organic electroluminescence display substrate 10 differs from the organic electroluminescence display substrate 10
shown in FIG. 6 in that the first light extraction unit 211 and the second light extraction unit 212 not only cover the cathode
light-emission side of the first sub-pixel 120, but also cover the cathode light-emission sides of the second sub-pixel 130
and the third sub-pixel 140, that is to say, the first light extraction unit 211 covers one pixel 110 (for example, the pixel
on the left side of FIG. 10), and the second light extraction unit 212 covers one pixel 110 (for example, the pixel on the
right side of FIG. 10) adjacent to the first light extraction unit. Since the cathode light-emission sides of two adjacent first
sub-pixels 120 are respectively covered by the first light extraction unit 211 and the second light extraction unit 212 with
different refractive indexes or different thicknesses, the cathode light-emission sides of two adjacent second sub-pixels
130 are respectively covered by the first light extraction unit 211 and the second light extraction unit 212 with different
refractive indexes or different thicknesses and the cathode light-emission sides of two adjacent third sub-pixels 140 are
respectively covered by the first light extraction unit 211 and the second light extraction unit 212 with different refractive
indexes or different thicknesses, the luminance viewing angle characteristics and/or the chrominance viewing angle
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characteristics of the light of the first color, the light of the second color and the light of the third color of the organic
electroluminescence display substrate 10 are improved. Since the widths of the first light extraction unit 211 and the
second light extraction unit 212 are further increased, the difficulty in fabricating the light extraction layer 200 is further
reduced.
[0051] For example, the embodiments of the present disclosure provide a display panel, and the display panel com-
prises the organic electroluminescence display substrate 10 provided by any one of the embodiments of the present
disclosure. For example, the embodiments of the present disclosure further provide a display device. FIG. 11 is a
schematic diagram the display device 20 provided by the embodiments of the present disclosure. The display device
20 comprises the organic electroluminescence display substrate 10 provided by any one of the embodiments of the
present disclosure. It should be noted that, for other parts of the display panel (for example, a glass cover-plate, and
the like) and other parts of the display device, those ordinarily skilled in the art should understand that there are the
same, which will not be repeated here, and should not be a limitation to the present disclosure. By providing at least two
light extraction units with optical properties different from each other, improvement of the luminance viewing angle
characteristic and/or the chrominance viewing angle characteristic of the organic electroluminescence display substrate,
as well as of the display panel and the display device comprising the organic electroluminescence display substrate is
implemented.
[0052] For example, based on a same inventive concept, the embodiments of the present disclosure further provide
a fabrication method of an organic electroluminescence display substrate. The fabrication method of the organic elec-
troluminescence display substrate comprises: forming a pixel array and forming a light extraction layer. The pixel array
includes a plurality of pixels arranged in an array, each pixel includes a first sub-pixel emitting light of a first color, and
each first sub-pixel includes an organic electroluminescence element. The light extraction layer covers on the pixel array,
and for example, at least includes a plurality of first light extraction units and a plurality of second light extraction units
arranged in parallel, an optical property of the first light extraction unit and an optical property of the second light extraction
unit are different from each other. Cathode light-emission sides of two adjacent first sub-pixels are covered by at least
one of the first light extraction units and at least one of the second light extraction units. For example, the cathode light-
emission side of each first sub-pixel is covered by at least one of the first light extraction units and at least one of the
second light extraction units, or the cathode light-emission sides of two adjacent first sub-pixels are respectively covered
by at least one of the first light extraction units and at least one of the second light extraction units.
[0053] For example, FIG. 12 is a flow chart of the fabrication method of the organic electroluminescence display
substrate provided by the embodiments of the present disclosure. As shown in FIG. 12, the fabrication method for
example comprises steps of:

Step S10: forming the pixel array;
Step S20: forming the light extraction layer.

[0054] For arrangement modes of the pixel array and the light extraction layer, the foregoing embodiments of the
organic electroluminescence display substrate may be referred to, which will not be repeated here. By forming at least
two light extraction units with optical properties different from each other on the cathode light-emission side of each first
sub-pixel or respectively on the cathode light-emission sides of two adjacent first sub-pixels, the improvement of the
luminance viewing angle characteristic and/or the chrominance viewing angle characteristic of the organic electrolumi-
nescence display substrate is implemented.
[0055] The embodiments of the present disclosure provide the organic electroluminescence display substrate, the
display device, and the fabrication method of the organic electroluminescence display substrate; and the organic elec-
troluminescence display substrate, by providing at least two light extraction units with optical properties different from
each other, implements the improvement of the luminance viewing angle characteristic and/or the chrominance viewing
angle characteristic.
[0056] Although the present disclosure is described in detail hereinbefore with general illustration and specific em-
bodiments, based on the embodiments of the present disclosure, certain variations or modifications can be made thereto,
which is obvious for those skilled in the art. Therefore, all such variations or modifications without departing from the
spirit of the present disclosure are within the scope of the claims of the present disclosure.
[0057] The present application claims priority of the Chinese Patent Application No. 201611091447.X filed on December
01, 2016, the disclosure of which are incorporated herein by its reference in its entirety as part of the present application.

Claims

1. An organic electroluminescence display substrate, comprising:
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a pixel array, wherein, the pixel array includes a plurality of pixels arranged in an array, each of the pixels
includes a first sub-pixel emitting light of a first color, and each of the first sub-pixels includes an organic
electroluminescence element;
a light extraction layer, covering on the pixel array and at least including a plurality of first light extraction units
and a plurality of second light extraction units, and an optical property of the first light extraction unit and an
optical property of the second light extraction unit being different from each other;
wherein, cathode light-emission sides of two adjacent first sub-pixels are covered by at least one of the first
light extraction units and at least one of the second light extraction units.

2. The organic electroluminescence display substrate according to claim 1, wherein, the cathode light-emission side
of each of the first sub-pixels is covered by at least one of the first light extraction units and at least one of the second
light extraction units, or the cathode light-emission sides of two adjacent first sub-pixels are respectively covered
by at least one of the first light extraction units and at least one of the second light extraction units.

3. The organic electroluminescence display substrate according to claim 1, wherein, the first light extraction unit and
the second light extraction unit have different thicknesses or different refractive indexes.

4. The organic electroluminescence display substrate according to claim 3, wherein, the first light extraction unit and
the second light extraction unit include a first unit layer, the second light extraction unit further includes a second
unit layer, and the second unit layer covers on the first unit layer.

5. The organic electroluminescence display substrate according to any one of claims 1 to 4, wherein, each of the pixel
arrays further includes a second sub-pixel emitting light of a second color and a third sub-pixel emitting light of a
third color, each of the second sub-pixels and each of the third sub-pixels include the organic electroluminescence
element.

6. The organic electroluminescence display substrate according to claim 5, wherein, each of the second sub-pixels is
covered by at least one of the first light extraction units and at least one of the second light extraction units, each
of the third sub-pixels is covered by at least one of the first light extraction units and at least one of the second light
extraction units, and cathode light-emission sides of any two adjacent sub-pixels among the first sub-pixels, the
second sub-pixels and the third sub-pixels are at least partially covered by a same first light extraction unit or a
same second light extraction unit.

7. The organic electroluminescence display substrate according to claim 5, further comprising a plurality of third light
extraction units and a plurality of fourth light extraction units arranged in parallel, an optical property of the third light
extraction unit and an optical property of the fourth light extraction unit being different from each other,
wherein, a cathode light-emission side of each of the second sub-pixels is covered by at least one of the third light
extraction units and at least one of the fourth light extraction units, or the cathode light-emission sides of two adjacent
second sub-pixels are respectively covered by at least one of the third light extraction units and at least one of the
fourth light extraction units.

8. The organic electroluminescence display substrate according to claim 7, further comprising a plurality of fifth light
extraction units and a plurality of sixth light extraction units arranged in parallel, wherein, an optical property of the
fifth light extraction unit and an optical property of the sixth light extraction unit are different from each other,
wherein, a cathode light-emission side of each of the third sub-pixels is covered by at least one of the fifth light
extraction units and at least one of the sixth light extraction units, or the cathode light-emission sides of two adjacent
third sub-pixels are respectively covered by at least one of the fifth light extraction units and at least one of the sixth
light extraction units.

9. The organic electroluminescence display substrate according to claim 8, wherein, the optical property of the first
light extraction unit, the optical property of the third light extraction unit and the optical property of the fifth light
extraction unit are the same, and the optical property of the second light extraction unit, the optical property of the
fourth light extraction unit, and the optical property of the sixth light extraction unit are the same.

10. The organic electroluminescence display substrate according to any one of claims 1 to 4, wherein, cathode light-
emission sides of two adjacent pixels are respectively covered by at least one of the first light extraction units and
at least one of the second light extraction units.



EP 3 550 608 A1

12

5

10

15

20

25

30

35

40

45

50

55

11. The organic electroluminescence display substrate according to any one of claims 1 to 10, wherein, the organic
electroluminescence element is an organic electroluminescence element of top-emission type or an organic elec-
troluminescence element of bilateral-emission type.

12. A display panel, comprising the organic electroluminescence display substrate according to any one of claims 1 to 11.

13. A display device, comprising the organic electroluminescence display substrate according to any one of claims 1
to 11 or the display panel according to claim 12.

14. A fabrication method of an organic electroluminescence display substrate according to any one of claims 1 to 11,
comprising:

forming a pixel array, wherein, the pixel array includes a plurality of pixels arranged in an array, each of the
pixels includes a first sub-pixel emitting light of a first color, and each of the first sub-pixels includes an organic
electroluminescence element;
forming a light extraction layer, covering on the pixel array and at least including a plurality of first light extraction
units and a plurality of second light extraction units, an optical property of the first light extraction unit and an
optical property of the second light extraction unit being different from each other;
wherein, cathode light-emission sides of two adjacent first sub-pixels are covered by at least one of the first
light extraction units and at least one of the second light extraction units.

15. The fabrication method of the organic electroluminescence display substrate according to claim 14, wherein, the
cathode light-emission side of each of the first sub-pixels is covered by at least one of the first light extraction units
and at least one of the second light extraction units, or the cathode light-emission sides of two adjacent first sub-
pixels are respectively covered by at least one of the first light extraction units and at least one of the second light
extraction units.

16. The fabrication method of the organic electroluminescence display substrate according to claim 14 or 15, wherein,
the first light extraction unit and the second light extraction unit have different thicknesses or different refractive
indexes.

17. The fabrication method of the organic electroluminescence display substrate according to claim 14 or 15, wherein,
the first light extraction unit and the second light extraction unit include a first unit layer, the second light extraction
unit further includes a second unit layer, and the second unit layer covers on the first unit layer.

18. The fabrication method of the organic electroluminescence display substrate according to any one of claims 14 to
17, wherein, each of the pixel arrays further includes a second sub-pixel emitting light of a second color and a third
sub-pixel emitting light of a third color, each of the second sub-pixels and each of the third sub-pixels includes the
organic electroluminescence element.

19. The fabrication method of the organic electroluminescence display substrate according to claim 18, wherein, each
of the second sub-pixels is covered by at least one of the first light extraction units and at least one of the second
light extraction units, each of the third sub-pixels is covered by at least one of the first light extraction units and at
least one of the second light extraction units, and cathode light-emission sides of any two adjacent sub-pixels among
the first sub-pixels, the second sub-pixels and the third sub-pixels are at least partially covered by a same first light
extraction unit or a same second light extraction unit.
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