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(57) ABSTRACT

The present disclosure provides an organic electrolumines-
cent display substrate and a manufacturing method thereof,
and a display device. The organic electroluminescent display
substrate includes a base substrate and a plurality of pixel
units formed on the base substrate, the pixel unit including
a light-emitting region and a non-light-emitting region. An
organic electroluminescent structure is formed in the light-
emitting region, the organic electroluminescent structure
including a first electrode layer, an organic luminescent
functional layer and a second electrode layer stacked on the
base substrate, the second electrode layer including a first
portion in the light-emitting region and a second portion in
the non-light-emitting region, and a plurality of organic/
inorganic material layers are provided between the second
electrode layer and the base substrate, the plurality of
organic/inorganic material layers including at least the
organic luminescent functional layer in the light-emitting
region and including a transparent material layer in the
non-light-emitting regions of parts of pixel units.
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ORGANIC ELECTROLUMINESCENT
DISPLAY SUBSTRATE AND
MANUFACTURING METHOD THEREOF,
AND DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a Section 371 National Stage
Application of International Application No. PCT/CN2015/
085769, filed on Jul. 31, 2015, entitled “ORGANIC ELEC-
TROLUMINESCENT DISPLAY SUBSTRATE AND
MANUFACTURING METHOD THEREOF, AND DIS-
PLAY DEVICE”, which has not yet published, which claims
priority to Chinese Application No. 201510151619.7, filed
on Apr. 1, 2015, incorporated herein by reference in their
entirety.

BACKGROUND OF THE INVENTION

[0002] Field of the Invention

[0003] Embodiments of the present invention generally
relate to a field of transparent display technology, more
particularly, relate to an organic electroluminescent display
substrate with an improved light transmittance, a manufac-
turing method thereof, and a display device comprising the
organic electroluminescent display substrate.

[0004] Description of the Related Art

[0005] Transparent display is a new display technology,
which enables an observer to observe a background behind
a display screen through the screen, thereby extending
application fields of the display to display devices, such as
a television, a cellphone, a laptop, a display window, a
refrigerator door, a vehicle display, a billboard and so on.

[0006] An organic electroluminescent device, such as an
organic light-emitting diode (OLED), including an active
matrix organic light-emitting diode (AMOLED), has char-
acteristics, such as self-illumination, high luminance, high
resolution, wide visual angle, fast response speed, low
power consumption, capability of being applied to flexible
display and so on, and it is a display device which facilitates
realizing a transparent display. In the organic electrolumi-
nescent device, in order to facilitate realizing a transparent
display, each pixel unit in the organic electroluminescent
device comprises a light-emitting region and a non-light-
emitting region, wherein an electroluminescent structure is
formed in the light-emitting region, and non-light-emitting
regions of parts of pixel units can be used to realize the
transparent display.

[0007] With regard to the OLED display device, there are
mainly two manners to increase a transparency of the
display device so as to realize the transparent display. One
manner is to change a structure of a pixel circuit by reducing
an area of non-transparent layers or structures (for example,
active layer and metal wires) as much as possible, so that an
area of a transparent window is increased to increase the
transparency of the display panel. The other manner is to
replace the metal wires and a cathode of the device to be
manufactured with transparent conductive material so as to
increase the transparency of the panel. A transparent cathode
is very important during preparing the transparent OLED,
because it is not only related with performances of the
device, but also affects the transparency particularly. In a
top-emitting device, the transparent cathode is typically
made of thin metal or metallic oxide. The metallic oxide has
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a high transmittance, however, a sputtering process which is
used to form the metallic oxide cathode is apt to damage the
OLED device. The thin metal cathode is prepared through an
evaporation process, which is simpler and is easy for mass
production, so that many designs employ thin metal or metal
alloy (for example, Mg and Ag alloy) to manufacture the
cathode, and the transmittance of the panel may be
increased, for example, by adjusting a doping ratio of Mg
and Ag.

[0008] In the electroluminescent device in the prior art,
however, there are various organic and inorganic protective
layers or insulation layers. Though these layers are trans-
parent in the non-light-emitting region, they still cause light
loss and transmittance reduction in the non-light-emitting
region, leading to a poor transparent display effect of the
organic electroluminescent device. The transmittance of the
device may be increased by removing a part of or all the
organic and inorganic protective layers in the non-light-
emitting region, however, a large gradient will be generated
at an interface between the light-emitting region and the
non-light-emitting region due to a difference in film thick-
ness, thus the thin layer cathode may be broken at the
interface, causing the device cannot be activated. Moreover,
the transmittance of the light-emitting region will be affected
if increasing the thickness of the cathode.

SUMMARY OF THE INVENTION

[0009] The present disclosure is proposed in order to
overcome at least one of the above and other problems and
defects in the prior art.

[0010] According to an aspect of the present disclosure, it
is provided an organic electroluminescent display substrate
comprising a base substrate and a plurality of pixel units
formed on the base substrate, the pixel unit comprising a
light-emitting region and a non-light-emitting region,
wherein an organic electroluminescent structure is formed in
the light-emitting region, the organic electroluminescent
structure comprising a first electrode layer, an organic lumi-
nescent functional layer and a second electrode layer stacked
on the base substrate, the second electrode layer comprising
a first portion in the light-emitting region and a second
portion in the non-light-emitting region, and wherein a
plurality of organic/inorganic material layers are provided
between the second electrode layer and the base substrate,
the plurality of organic/inorganic material layers comprising
at least the organic luminescent functional layer in the
light-emitting region and comprising a transparent material
layer in the non-light-emitting regions of parts of pixel units.
[0011] In the organic electroluminescent display substrate,
the transparent material layer is formed such that the spacing
between the second portion and the base substrate is less
than or equal to the spacing between the first portion and the
base substrate.

[0012] Inthe organic electroluminescent display substrate,
the transparent material layer comprises an electrically con-
ductive layer which contacts the second portion directly.
[0013] Inthe organic electroluminescent display substrate,
the electrically conductive layer is made of metallic oxide
material.

[0014] Inthe organic electroluminescent display substrate,
the metallic oxide material may comprise at least one of ITO
and 1Z0.

[0015] Inthe organic electroluminescent display substrate,
the thickness of the transparent material layer may be less
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than or equal to the thickness of at least one of other layers
of the plurality of organic/inorganic material layers in the
light-emitting region or the total thicknesses of multiple
other layers of the plurality of organic/inorganic material
layers in the light-emitting region.

[0016] Inthe organic electroluminescent display substrate,
the plurality of organic/inorganic material layers may further
comprise a planarization layer formed above the base sub-
strate and a pixel defining layer defining the plurality of
pixel units, the first electrode layer being formed on the
planarization layer and the pixel defining layer covering the
planarization layer so that the first electrode layer is exposed
at least partially in an opening of the pixel defining layer, the
organic luminescent functional layer covering the pixel
defining layer and the first electrode layer.

[0017] Inthe organic electroluminescent display substrate,
the pixel unit may further comprise a thin film transistor
formed between the base substrate and the organic electrolu-
minescent structure, and the plurality of organic/inorganic
material layers may further comprise a semiconductor active
layer and a gate insulation layer of the thin film transistor
and a passivation layer covering the thin film transistor.
[0018] Inthe organic electroluminescent display substrate,
the plurality of organic/inorganic material layers may further
comprise: an interlayer insulation layer forming the thin film
transistor, the interlayer insulation layer being provided on
the gate insulation layer and covering a gate electrode of the
thin film transistor; and/or a buffer layer formed between the
thin film transistor and the base substrate.

[0019] Inthe organic electroluminescent display substrate,
the transparent material layer may be disposed between two
adjacent other layers of the plurality of organic/inorganic
material layers in the non-light-emitting region.

[0020] According to another aspect of the present disclo-
sure, it is provided a manufacturing method of an organic
electroluminescent display substrate which comprises a plu-
rality of pixel units arranged in an array, each of the pixel
units comprising a light-emitting region and a non-light-
emitting region, the manufacturing method comprising steps
of:

[0021] providing a base substrate; and

[0022] forming a plurality of organic/inorganic material
layers and an organic electroluminescent structure on the
base substrate, wherein,

[0023] the organic electroluminescent structure is located
in the light-emitting region and comprises a first electrode
layer, an organic luminescent functional layer and a second
electrode layer stacked on the base substrate, the second
electrode layer comprising a first portion in the light-
emitting region and a second portion in the non-light-
emitting region, and wherein,

[0024] the plurality of organic/inorganic material layers
are located between the second electrode layer and the base
substrate, the plurality of organic/inorganic material layers
comprising at least the organic luminescent functional layer
in the light-emitting region and comprising a transparent
material layer in the non-light-emitting regions of parts of
pixel units.

[0025] In the above method, the transparent material layer
may be formed such that the spacing between the second
portion and the base substrate is less than or equal to the
spacing between the first portion and the base substrate.
[0026] In the above method, the transparent material layer
may be formed in the non-light-emitting region after a part

Feb. 9,2017

of at least one of other layers of the plurality of organic/
inorganic material layers in the non-light-emitting region is
removed.

[0027] Inthe above method, the step of forming a plurality
of organic/inorganic material layers and an organic elec-
troluminescent structure on the base substrate may com-
prise:

[0028] forming a planarization layer, a pixel defining
layer, a first electrode layer and an organic luminescent
functional layer in order on the base substrate in a stacked
manner, so that the first electrode layer is located in the
light-emitting region of the pixel unit, the plurality of
organic/inorganic material layers further comprising the
planarization layer and the pixel defining layer;

[0029] removing a part of at least one of the planarization
layer, the pixel defining layer and the organic luminescent
functional layer in the non-light-emitting region of the pixel
unit after the at least one layer is formed;

[0030] forming the transparent material layer in the non-
light-emitting region of the pixel unit; and

[0031] forming the second electrode layer in the light-
emitting region and the non-light-emitting region of the
pixel unit.

[0032] In the above method, the at least one layer may
comprise the organic luminescent functional layer, and the
step of forming the transparent material layer may comprise
forming the transparent material layer in a location where
the part of the organic luminescent functional layer is
removed.

[0033] Inthe above method, the transparent material layer
may be formed from an electrically conductive layer and
contacts directly the second portion of the second electrode
layer in the non-light-emitting region.

[0034] In the above method, the electrically conductive
layer may be made of metallic oxide material.

[0035] In the above method, the metallic oxide material
may comprise at least one of ITO and 1Z0.

[0036] In the above method, the thickness of the transpar-
ent material layer may be less than or equal to the thickness
of at least one of other layers of the plurality of organic/
inorganic material layers in the light-emitting region or the
total thicknesses of multiple other layers of the plurality of
organic/inorganic material layers in the light-emitting
region.

[0037] The above method may further comprise a step of
forming a thin film transistor on the base substrate in each
pixel unit before the planarization layer is formed, and the
plurality of organic/inorganic material layers may further
comprise a semiconductor active layer and a gate insulation
layer of the thin film transistor and a passivation layer
covering the thin film transistor.

[0038] In the above method, the step of forming the thin
film transistor may comprise: forming an interlayer insula-
tion layer on the gate insulation layer to cover a gate
electrode of the thin film transistor, and forming source/
drain electrodes on the interlayer insulation layer and in the
light-emitting region of the pixel unit, the plurality of
organic/inorganic material layers further comprising the
interlayer insulation layer; and/or the manufacturing method
may further comprise a step of forming a buffer layer on the
base substrate before the thin film transistor 1s formed, the
plurality of organic/inorganic material layers further com-
prising the buffer layer.
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[0039] According to a further aspect of the present dis-
closure, it is provided a manufacturing method of an organic
electroluminescent display substrate, comprising steps of:
[0040] providing a base substrate;

[0041] forming a first electrode layer of an organic elec-
troluminescent structure and at least one organic/inorganic
material layer comprising at least an organic luminescent
functional layer of the organic electroluminescent structure
on the base substrate;

[0042] removing a part of at least one of the at least one
organic/inorganic material layer in non-light-emitting
regions of parts of pixel units;

[0043] forming a transparent material layer in the non-
light-emitting regions of the parts of pixel units; and
[0044] forming a second electrode layer of the organic
electroluminescent structure in the light-emitting region and
the non-light-emitting region of the pixel unit, so that the
second electrode layer comprises a first portion in the
light-emitting region and a second portion in the non-light-
emitting region.

[0045] In the above method, the thickness of the transpar-
ent material layer is less than or equal to the thickness of at
least one of the at least one organic/inorganic material layer
in the light-emitting region or the total thicknesses of
multiple layers of the at least one organic/inorganic material
layer in the light-emitting region.

[0046] In the above method. the step of removing the part
of at least one of the at least one organic/inorganic material
layer in non-light-emitting regions of parts of pixel units is
performed immediately after the at least one layer is formed,
or all the desired removed organic/inorganic material layers
in the non-light-emitting region are removed simultane-
ously.

[0047] According to another further aspect of the present
disclosure, it is provided a display device comprising the
organic electroluminescent display substrate as described
above or manufactured by the above method.

[0048] Other objects and advantages of the present dis-
closure will become more apparent by further explaining the
present disclosure in detail with reference to the accompa-
nying drawings below, which aids in understanding the
present disclosure completely.

BRIEF DESCRIPTION OF THE DRAWINGS

[0049] The features and advantages of the present disclo-
sure will be understood more clearly with reference to the
accompanying drawings, which are only illustrative and
should not be understood as limiting the present disclosure.
The same or similar reference numerals in the drawings
indicate the same or similar components, in which:

[0050] FIG. 1is a cross section view schematically show-
ing a structure of an organic electroluminescent display
substrate according to an embodiment of the present disclo-
sure;

[0051] FIG. 2 is a cross section view schematically show-
ing a structure of an organic electroluminescent display
substrate according to another embodiment of the present
disclosure;

[0052] FIG. 3 is a cross section view schematically show-
ing a structure of an organic electroluminescent display
substrate according to another embodiment of the present
disclosure;
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[0053] FIG. 4 is a cross section view schematically show-
ing a structure of an organic electroluminescent display
substrate according to another embodiment of the present
disclosure;

[0054] FIG. 5is a cross section view schematically show-
ing a structure of an organic electroluminescent display
substrate according to another embodiment of the present
disclosure;

[0055] FIG. 6 is a flow chart schematically showing a
manufacturing method of an organic electroluminescent
display substrate according to an exemplary embodiment of
the present disclosure; and

[0056] FIGS. 7A-7F are flow diagrams schematically
showing processes of a manufacturing method of an organic
electroluminescent display substrate according to an exem-
plary embodiment of the present disclosure.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE INVENTION

[0057] In the following detailed description, in order to
facilitate the explanation, a number of specific details are
explained to provide a comprehensive understanding to the
embodiments of the present disclosure. However, it is obvi-
ous that one or more embodiments may be implemented
without these specific details. In other cases, conventional
structures and devices are shown in schematic diagrams to
simplify the drawings.

[0058] According to a general concept of the present
disclosure, an organic electroluminescent display substrate
is provided. A part of non-transparent or low-transparent
organic/inorganic material layers are removed in non-light-
emitting regions of parts of pixel units (i.e. a region for light
transmission or transparent display) and an additional trans-
parent material layer is formed, for example, in a location
where the material is removed, so that the light transmittance
of the region for light transmission or transparent display
can be increased and a difference in layer thickness between
the light-emitting region and the non-light-emitting region
can be reduced, thereby preventing a thin layer cathode from
being broken at an interface between the light-emitting and
the non-light-emitting region.

[0059] FIG. 1 shows schematically a structure of an
organic electroluminescent display substrate according to an
embodiment of the present disclosure. The organic electrolu-
minescent display substrate comprises a plurality of pixel
units arranged in an array, such as R, G, B sub-pixels. Each
of the pixel units comprises a light-emitting region A and a
non-light-emitting region B. As shown in FIG. 1, the organic
electroluminescent display substrate emits light in an
upward direction as indicated by an arrow in the light-
emitting region A, thus it is a top-emitting luminescent
device. It should be understood that the organic electrolu-
minescent display substrate may also be a bottom-emitting
or double faces emitting luminescent device. The following
embodiments of the present disclosure will be explained by
taking the top-emitting luminescent device as an example.
[0060] As shown in FIG. 1, each of the pixel units of the
organic electroluminescent display substrate comprises a
base substrate 1, and a planarization layer 4, a first electrode
layer 51, a pixel defining layer 6, an organic luminescent
functional layer 52 and a second electrode layer 53 which
are stacked on the base substrate 1 in order. The first
electrode layer 51, the organic luminescent functional layer
52 and the second electrode layer 53 constitute an organic
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electroluminescent structure 5 such as a light emitting diode,
in which the first electrode layer 51 and the second electrode
layer 53 form an anode and a cathode of the electrolumi-
nescent structure 5, respectively. For example, in a case of
top-emitting organic electroluminescent display substrate,
the anode may be made of metal material or other conduc-
tive material; the cathode may be transparent or semitrans-
parent, and may be a thin layer electrode made of metal,
metal alloy or metallic oxide; the organic luminescent func-
tional layer is typically a composite multilayer structure, for
example, including a hole injection layer, a hole transport
layer, an organic luminescent layer, an electron transport
layer and an electron injection layer.

[0061] As shown in FIG. 1, the first electrode layer 51 is
located in the light-emitting region A of the pixel unit rather
than in the non-light-emitting region B. The second elec-
trode layer 53 is located in both the light-emitting region A
and the non-light-emitting region B of the pixel unit, that is,
it comprises a first portion located in the light-emitting
region A and a second portion located in the non-light-
emitting region B. According to certain embodiments, in
parts of pixel units, a portion of at least one organic/
inorganic material layer, for example the planarization layer
4, the pixel defining layer 6 and the organic luminescent
functional layer 52, in the non-light-emitting region B is
removed, as a result, the at least one organic/inorganic
material layer is only located in the light-emitting region A
of the pixel unit. A transparent material layer 7 is formed at
least in the location where the material is removed, in the
non-light-emitting region B of the pixel unit, that is, the
transparent material layer 7 at least replaces a part of the
organic/inorganic material layer removed in the non-light-
emitting region B, for example, the thickness of the trans-
parent material layer is less than or equal to the thickness of
removed material. According to the embodiment of the
present disclosure, the transparent material layer 7 is only
formed between the base substrate 1 and the second portion
of the second electrode layer 53 in the non-light-emitting
region B to replace at least the organic and/or inorganic
material layer removed in the non-light-emitting region B.

[0062] As the transparent material layer 7 is used to
replace at least the organic/inorganic material layer removed
in the non-light-emitting region, the transparent material
layer is formed such that a spacing between the base
substrate 1 and the second portion of the second electrode
layer 53 is less than or equal to a spacing between the base
substrate 1 and the first portion of the second electrode layer
53. In other words, the thickness of the transparent material
layer is less than or equal to the thickness of at least one of
other organic/inorganic material layers in the light-emitting
region, or is less than or equal to the total thicknesses of at
least two of other organic/inorganic material layers in the
light-emitting region, so that the region for transmitting light
or transparent display is substantially flush with or slightly
lower than the light-emitting region. For example, the thick-
ness of the transparent material layer 7 may be less than or
equal to the thickness of one of the removed planarization
layer 4, the pixel defining layer 6 and the organic lumines-
cent functional layer 52, or may be less than or equal to the
total thicknesses of two or more of these removed layers.

[0063] If parts of the planarization layer 4, the pixel
defining layer 6 and the organic luminescent functional layer
52 in the non-light-emitting region B are removed, a large
gradient will be generated at the interface between the
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light-emitting region A and the non-light-emitting region B,
that is, the difference in layer thickness between the light-
emitting region A and the non-light-emitting region B is
large. In this case, the thin layer cathode, such as the second
electrode layer 53, may be broken at the interface, which
causes the luminescent device cannot be activated. In the
certain embodiments, an additional transparent material
layer 7 is formed at least in the location where the material
is removed in the non-light-emitting region B, so that the
light transmittance of the non-light-emitting region B can be
increased while the difference in layer thickness between the
light-emitting region A and the non-light-emitting region B
can be reduced, thereby preventing the thin layer cathode
from being broken at the interface.

[0064] According to an exemplary embodiment of the
present disclosure, the transparent material layer 7 may be
an electrically conductive layer formed of electrically con-
ductive material, and the conductive layer contacts directly
a part of the second electrode layer 53 in the non-light-
emitting region. In this case, the conductive transparent
material layer 7 is able to increase the light transmittance
and reduce the gradient, also to reduce an area resistance of
the second electrode layer or the cathode 53 so as to reduce
the power consumption of the device. The used electrically
conductive material may be metallic oxide material, for
example, including at least one of indium tin oxide (ITO)
and indium-doped zinc oxide (I1Z0).

[0065] The organic electroluminescent display substrate
according to the present disclosure may be an active matrix
organic light emitting diode (OLED) device, in which each
pixel unit comprises at least one thin film transistor, such as
switching transistor or drive transistor. As shown in FIG. 1,
the organic electroluminescent display substrate comprises a
thin film transistor structure 3 formed between the base
substrate 1 and the planarization layer 4, and the thin film
transistor structure 3 may comprise:

[0066] a semiconductor active layer 31 formed on the base
substrate 1 and located in the light-emitting region A of the
pixel unit;

[0067] a gate insulation layer 32 formed on the base
substrate 1 and covering the semiconductor active layer 31,
[0068] a gate electrode 33 formed on the gate insulation
layer 32 and located in the light-emitting region A of the
pixel unit;

[0069] an interlayer insulation layer 34 formed on the gate
electrode 33 and covering the gate electrode 33;

[0070] source/drain electrodes 35 formed on the interlayer
insulation layer 34 and located in the light-emitting region A
of the pixel unit; and

[0071] a passivation layer 36 formed on the interlayer
insulation layer 34 and covering the source/drain electrodes
3s.

[0072] It can be seen that, in the AMOLED device, a
plurality of film layers forming the thin film transistor, such
as the gate insulation layer, the interlayer insulation layer,
the passivation layer and the like, are not only formed in the
light-emitting region A, but also formed in the non-light-
emitting region B. Though these film layers have certain
light transmittances, they cause a light loss and reduce the
light transmittance in the non-light-emitting region, thereby
leading to a poor transparent display effect of the organic
electroluminescent display substrate. According to the pres-
ent disclosure, like the organic/inorganic material layers of
the luminescent structure, at least one of a plurality of
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organic/inorganic material layers forming the thin film tran-
sistor, such as the gate insulation layer, the interlayer insu-
lation layer and the passivation layer, may only be formed in
the light-emitting region of the pixel unit, that is, a part of
the layer in the non-light-emitting region is removed. Fur-
ther, the transparent material layer may be additionally
formed in the location where the part of the layer in the
non-light-emitting region is removed, so as to increase the
light transmittance and reduce the gradient or the difference
in thickness.

[0073] FIG. 2 shows schematically a structure of an
organic electroluminescent display substrate according to
another embodiment of the present disclosure, in which a
part of the passivation layer 36 in the non-light-emitting
region B is removed and is replaced with a transparent
material layer 7'. It can be seen that, in the structure as
shown in FIG. 2, parts of the organic luminescent functional
layer 52 of the AMOLED device, the pixel defining layer 6,
the planarization layer 4 and the passivation layer 36 in the
non-light-emitting region B for light transmission or trans-
parent display are removed, for example, are etched through
a patterning process, and a transparent material layer 7' is
formed in locations where these parts in the non-light-
emitting region B are removed. The thickness of the trans-
parent material layer 7' may be less than or equal to the total
thicknesses of these removed layers, for example, is sub-
stantially equal to the total thicknesses of the organic lumi-
nescent functional layer 52 and the passivation layer 36, as
shown in FIG. 2.

[0074] In the embodiment as shown in FIG. 3, the thick-
ness of the transparent material layer 7" is substantially
equal to the total thicknesses of the passivation layer 36 and
the interlayer insulation layer 34. In the embodiment as
shown in FIG. 4, the thickness of the transparent material
layer 7" is substantially equal to the total thicknesses of the
interlayer insulation layer 34 and the gate insulation layer
32. Tt should be understood that the thickness of the addi-
tional transparent material layer in the non-light-emitting
region of the light emitting device according to the present
disclosure may be suitably set if required, as long as
increasing the light transmittance of the region for light
transmission or transparent display and reducing the gradi-
ent or the difference in thickness.

[0075] Inthe embodiments as shown in FIGS. 1-4, the thin
film transistor 3 has a top-gate structure. Alternatively, the
thin film transistor in the organic electroluminescent display
substrate according to the present disclosure may have a
bottom-gate structure, as shown in FIG. 5. In an embodiment
as shown in FIG. 5, the bottom-gate thin film transistor 3'
comprises:

[0076] a gate electrode 33 formed above the base substrate
1 and located in the light-emitting region A of the pixel unit;
[0077] a gate insulation layer 32 formed on the base
substrate 1 and covering the gate electrode 33;

[0078] a semiconductor active layer 31 formed on the gate
insulation layer 32 and located in the light-emitting region A
of the pixel unit;

[0079] source/drain electrodes 35 formed on the semicon-
ductor active layer 31 and located in the light-emitting
region A of the pixel unit; and

[0080] a passivation layer 36 formed on the gate insulation
layer 32 and covering at least the source/drain electrodes 35
and the semiconductor active layer 31.
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[0081] As shown in FIG. 5, an electrically conductive path
8 may be formed through the passivation layer 36 and the
planarization layer 4. One of the source and drain electrodes
of the thin film transistor 3' may be electrically connected to
the first electrode layer 51 through the conductive path 8§ so
as to drive the organic electroluminescent structure 5 to emit
light.

[0082] At least one of the gate insulation layer 32 and the
passivation layer 36 may be only formed in the light-
emitting region A of the pixel unit. In the structure as shown
in FIG. 5, parts of the organic luminescent functional layer
52, the pixel defining layer 6, the planarization layer 4, the
gate insulation layer 32 and the passivation layer 36 in the
non-light-emitting region B of the pixel unit are removed
and are replaced with a transparent material layer 7", which
is able to increase the light transmittance of the non-light-
emitting region B for light transmission or transparent
display and reduce the gradient or the difference in thickness
at the interface between the light-emitting region A and the
non-light-emitting region B.

[0083] Similarly, as shown in FIGS. 2, 4 and 5, the
transparent material layer 7', 7", 7" may contact the second
electrode layer or the cathode 53 directly, preferably, it may
be an electrically conductive layer to reduce the area resis-
tance of the second electrode layer or the cathode 53.
Alternatively, the transparent material layer contacting the
second electrode layer 53 may not be an electrically con-
ductive layer, or may not contact the second electrode layer
53 as shown in FIG. 3. In these cases, the additional
transparent material layer is formed in the non-light-emitting
region B to increase the light transmittance of the non-light-
emitting region B and reduce the gradient at the interface
between the light-emitting region A and the non-light-
emitting region B, thereby preventing the thin cathode from
being broken at the interface.

[0084] Inthe organic electroluminescent display substrate,
there may be other organic/inorganic material layers, parts
of one or more of which in the non-light-emitting region
may be removed and replaced with the transparent material
layer. For example, as shown in FIGS. 1-5, a buffer layer 2
may further formed between the thin film transistor 3, 3' and
the base substrate 1. As an example, the buffer layer 2 may
only be provided in the light-emitting region A of the pixel
unit.

[0085] Moreover, the additional transparent material layer
in the non-light-emitting region is continuous in the organic
electroluminescent display substrate as shown in FIGS. 1-5,
however, it should be understood that such additional trans-
parent material layer may also comprise a plurality of
sub-layers which are not continuous or spaced apart from
each other. Each of the sub-layers is used to replace with one
or more organic/inorganic material layers in the non-light-
emitting region in the existed organic electroluminescent
display substrate, or has a thickness which is substantially
equal to the thickness or the total thicknesses of one or more
organic/inorganic material layers.

[0086] Further, the present disclosure provides a manu-
facturing method of an organic electroluminescent display
substrate which comprises a plurality of pixel units arranged
in an array, each of the pixel units comprising a light-
emitting region and a non-light-emitting region. FIG. 6
schematically shows a flow chart of the manufacturing
method of the organic electroluminescent display substrate
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according to an exemplary embodiment of the present
disclosure. The manufacturing method mainly comprises
steps of:

[0087] S1. providing a base substrate which may be a glass
substrate or other transparent substrate;

[0088] S2. forming a planarization layer, a pixel defining
layer, a first electrode layer and an organic luminescent
functional layer in order on the base substrate in a stacked
manner, for example, by using deposition, evaporation and
patterning processes, the first electrode layer being located
in the light-emitting region of the pixel unit;

[0089] S3.removing a part of at least one of the planariza-
tion layer, the pixel defining layer and the organic lumines-
cent functional layer in the non-light-emitting region of the
pixel unit after the at least one layer is formed,

[0090] S4. forming a transparent material layer in the
non-light-emitting region of the pixel unit, for example,
forming the transparent material layer in a location where
the part is removed; and

[0091] S5. forming a second electrode layer in the light-
emitting region and the non-light-emitting region of the
pixel unit.

[0092] In an example, a part of the organic luminescent
functional layer in the non-light-emitting region of the pixel
unit may be removed after the organic luminescent func-
tional layer is formed, and the transparent material layer
formed in the location where the part of the organic lumi-
nescent functional layer is removed may be an electrically
conductive layer which contacts the part of the second
electrode layer in the non-light-emitting region directly. For
example, the conductive layer may be made of metallic
oxide material. As an example, the metallic oxide material
may include at least one of indium tin oxide (ITO) and
indium-doped zine oxide (IZO). Preferably, the thickness of
at least a part of the transparent material layer may be
substantially equal to the thickness of the removed parts.
[0093] The above method may further comprise a step of
forming a thin film transistor between the base substrate and
the planarization layer in each pixel unit. As for the top-gate
thin film transistor, the step may comprise:

[0094] forming a semiconductor active layer on the base
substrate and in the light-emitting region of the pixel unit;
[0095] forming a gate insulation layer on the base sub-
strate to cover the semiconductor active layer;

[0096] forming a gate electrode on the gate insulation
layer and in the light-emitting region of the pixel unit;
[0097] forming an interlayer insulation layer on the gate
insulation layer to cover the gate electrode;

[0098] forming source/drain electrodes on the interlayer
insulation layer and in the light-emitting region of the pixel
unit; and

[0099] forming a passivation layer on the interlayer insu-
lation layer to cover the source/drain electrodes,

[0100] removing a part of at least one of the gate insulation
layer, the interlayer insulation layer and the passivation layer
in the non-light-emitting region of the pixel unit after the at
least one layer is formed.

[0101] As for the bottom-gate thin film transistor, the step
may comprise:
[0102] forming a gate electrode above the base substrate

and in the light-emitting region of the pixel unit;
[0103] forming a gate insulation layer on the base sub-
strate to cover the gate electrode;
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[0104] forming a semiconductor active layer on the gate
insulation layer and in the light-emitting region of the pixel
unit;

[0105] forming source/drain electrodes on semiconductor
active layer and in the light-emitting region of the pixel unit;
and

[0106] forming a passivation layer on the gate insulation
layer to cover at least the source/drain electrodes and semi-
conductor active layer,

[0107] removing a part of at least one of the gate insulation
layer and the passivation layer in the non-light-emitting
region of the pixel unit after the at least one layer is formed.
In an example, after parts of the gate insulation layer, the
interlayer insulation layer and/or the passivation layer in the
non-light-emitting region of the pixel unit are removed, an
additional transparent material layer may be formed at
locations where the parts are removed. The additional trans-
parent material layer may be spaced apart from or integrated
with the aforementioned transparent material layer.

[0108] It should be understood that, removing parts of the
above organic/inorganic material layers of the organic lumi-
nescent display substrate in the non-light-emitting region
may be performed immediately after the respective layers
are formed, or all the desired removed parts of the organic/
inorganic material layers in the non-light-emitting region
may be removed simultaneously.

[0109] FIGS. 7A-7F are flow diagrams schematically
showing a manufacturing method of an organic electrolu-
minescent display substrate according to an exemplary
embodiment of the present disclosure. As shown in FIG. 7A,
the buffer layer 2, the semiconductor active layer 31, the gate
insulation layer 32, the gate electrode 33, the interlayer
insulation layer 34, the source/drain electrodes 35, the
passivation layer 36, the planarization layer 4, the pixel
defining layer 6 and the first electrode layer 51 are firstly
formed in order on the base substrate 1 in a stacked manner,
for example through deposition or evaporation process,
wherein a patterning process is used to pattern the semicon-
ductor active layer 31, the gate electrode 33, the source/drain
electrodes 35 and the first electrode layer 51 so that they are
only provided in the light-emitting region. As shown in FIG.
7B, a part of the pixel defining layer 6 in the non-light-
emitting region B is then removed, for example through
patterning process. As shown in FIG. 7C, a transparent
material layer 7 is formed in the non-light-emitting region B.
Thereafter, as shown in FIG. 7D, the organic luminescent
functional layer 52 covering the pixel defining layer 6, the
first electrode layer 51 and the transparent material layer 7
is formed. As shown in FIG. 7E, a suitable mask is used to
pattern the organic luminescent functional layer 52 so as to
remove a part thereof in the non-light-emitting region B.
Finally, the second electrode layer or the cathode 53 cov-
ering the organic luminescent functional layer 52 and the
transparent material layer 7 is formed in both the light-
emitting region A and the non-light-emitting region B, for
example through an evaporation process.

[0110] Further, the present disclosure provides a display
device comprising the organic electroluminescent display
substrate according to any one of the above embodiments or
manufactured by the method according to any one of the
above embodiments. The display device may include an
AMOLED display device, for example, for a television, a
cellphone, a laptop, a display window, a refrigerator door, a
vehicle display, a billboard and so on.
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[0111] Although embodiments of the present disclosure
have been illustrated and described, it should be understood
that those skilled in the art can make several changes thereto
without departing from the principle and spirit of the present
disclosure, and the scope of the present invention should be
defined by the appended claims and the equivalents thereof.

1. An organic electroluminescent display substrate com-

prising a base substrate and a plurality of pixel units formed
on the base substrate, the pixel unit comprising a light-
emitting region and a non-light-emitting region, wherein,
an organic electroluminescent structure is formed in the
light-emitting region, the organic electroluminescent
structure comprising a first electrode layer, an organic
luminescent functional layer and a second electrode
layer stacked on the base substrate, the second elec-
trode layer comprising a first portion in the light-
emitting region and a second portion in the non-light-
emitting region, and wherein,

a plurality of organic/inorganic material layers are pro-
vided between the second electrode layer and the base
substrate, the plurality of organic/inorganic material
layers comprising at least the organic luminescent
functional layer in the light-emitting region and com-
prising a transparent material layer in the non-light-
emitting regions of parts of the pixel units.

2. The organic electroluminescent display substrate

according to claim 1, wherein,

the transparent material layer is formed such that a
spacing between the second portion and the base sub-
strate is less than or equal to a spacing between the first
portion and the base substrate.

3. The organic electroluminescent display substrate

according to claim 2, wherein,

the transparent material layer comprises an electrically
conductive layer which contacts the second portion
directly.

4. (canceled)

5. (canceled)

6. The organic electroluminescent display substrate

according to claim 1, wherein,

the thickness of the transparent material layer is less than
or equal to the thickness of at least one of other layers
of the plurality of organic/inorganic material layers in
the light-emitting region or the total thicknesses of
multiple other layers of the plurality of organic/inor-
ganic material layers in the light-emitting region.

7. The organic electroluminescent display substrate

according to claim 6, wherein,

the plurality of organic/inorganic material layers further
comprise a planarization layer formed above the base
substrate and a pixel defining layer defining the plu-
rality of pixel units, the first electrode layer being
formed on the planarization layer and the pixel defining
layer covering the planarization layer so that the first
electrode layer is exposed at least partially in an
opening of the pixel defining layer, the organic lumi-
nescent functional layer covering the pixel defining
layer and the first electrode layer.

8. The organic electroluminescent display substrate

according to claim 6, wherein,

the pixel unit further comprises a thin film transistor
formed between the base substrate and the organic
electroluminescent structure, and the plurality of
organic/inorganic material layers further comprise a
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semiconductor active layer and a gate insulation layer
of the thin film transistor and a passivation layer
covering the thin film transistor.

9. The organic electroluminescent display substrate
according to claim 8, wherein, the plurality of organic/
inorganic material layers further comprise:

an interlayer insulation layer of the thin film transistor, the

interlayer insulation layer being provided on the gate
insulation layer and covering a gate electrode of the
thin film transistor; and/or

a buffer layer formed between the thin film transistor and

the base substrate.

10. The organic electroluminescent display substrate
according to claim, wherein, the transparent material layer is
disposed between two adjacent other layers of the plurality
of organic/inorganic material layers in the non-light-emit-
ting region.

11. A manufacturing method of an organic electrolumi-
nescent display substrate which comprises a plurality of
pixel units arranged in an array, each of the pixel units
comprising a light-emitting region and a non-light-emitting
region, the manufacturing method comprising steps of:

providing a base substrate; and

forming a plurality of organic/inorganic material layers

and an organic electroluminescent structure on the base
substrate, wherein,

the organic electroluminescent structure is located in the

light-emitting region and comprises a first electrode
layer, an organic luminescent functional layer and a
second electrode layer stacked on the base substrate,
the second electrode layer comprising a first portion in
the light-emitting region and a second portion in the
non-light-emitting region, and wherein,

the plurality of organic/inorganic material layers are

located between the second electrode layer and the base
substrate, the plurality of organic/inorganic material
layers comprising at least the organic luminescent
functional layer in the light-emitting region and com-
prising a transparent material layer in the non-light-
emitting regions of parts of the pixel units.

12. The manufacturing method according to claim 11,
wherein,

the transparent material layer is formed such that a

spacing between the second portion and the base sub-
strate is less than or equal to a spacing between the first
portion and the base substrate.

13. The manufacturing method according to claim 12,
wherein,

the transparent material layer is formed in the non-light-

emitting region after a part of at least one of other
layers of the plurality of organic/inorganic material
layers in the non-light-emitting region is removed.

14. The manufacturing method according to claim 13,
wherein the step of forming a plurality of organic/inorganic
material layers and an organic electroluminescent structure
on the base substrate comprises:

forming a planarization layer, a pixel defining layer, a first

electrode layer and an organic luminescent functional
layer in order on the base substrate in a stacked manner,
so that the first electrode layer is located in the light-
emitting region of the pixel unit, the plurality of
organic/inorganic material layers further comprising
the planarization layer and the pixel defining layer;
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removing a part of at least one of the planarization layer,
the pixel defining layer and the organic luminescent
functional layer in the non-light-emitting region of the
pixel unit after the at least one layer is formed;

forming the transparent material layer in the non-light-
emitting region of the pixel unit; and

forming the second electrode layer in the light-emitting

region and the non-light-emitting region of the pixel
unit.

15. The manufacturing method according to claim 14,
wherein the at least one layer comprises the organic lumi-
nescent functional layer, and wherein the step of forming the
transparent material layer comprises forming the transparent
material layer in a location where the part of the organic
luminescent functional layer is removed.

16. The manufacturing method according to claim 15,
wherein,

the transparent material layer is formed from an electri-

cally conductive layer and contacts directly the second
portion of the second electrode layer in the non-light-
emitting region.

17. (canceled)

18. (canceled)

19. The manufacturing method according to claim 12,
wherein,

the thickness of the transparent material layer is less than

or equal to the thickness of at least one of other layers
of the plurality of organic/inorganic material layers in
the light-emitting region or the total thicknesses of
multiple other layers of the plurality of organic/inor-
ganic material layers in the light-emitting region.

20. The manufacturing method according to claim 14,
further comprising a step of forming a thin film transistor on
the base substrate in each pixel unit before the planarization
layer is formed, wherein,

the plurality of organic/inorganic material layers further

comprise a semiconductor active layer and a gate
insulation layer of the thin film transistor and a passi-
vation layer covering the thin film transistor.

21. The manufacturing method according to claim 20,
wherein,
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the step of forming the thin film transistor comprises:
forming an interlayer insulation layer on the gate
insulation layer to cover a gate electrode of the thin film
transistor, and forming source/drain electrodes on the
interlayer insulation layer and in the light-emitting
region of the pixel unit, the plurality of organic/inor-
ganic material layers further comprising the interlayer
insulation layer; and/or
the manufacturing method further comprises a step of
forming a buffer layer on the base substrate before the
thin film transistor is formed, the plurality of organic/
inorganic material layers further comprising the buffer
layer.
22. A manufacturing method of an organic electrolumi-
nescent display substrate, comprising steps of:
providing a base substrate;
forming a first electrode layer of an organic electrolumi-
nescent structure and at least one organic/inorganic
material layer comprising at least an organic lumines-
cent functional layer of the organic electroluminescent
structure on the base substrate;
removing a part of at least one of the at least one
organic/inorganic material layer in non-light-emitting
regions of parts of pixel units;
forming a transparent material layer in the non-light-
emitting regions of the parts of the pixel units; and
forming a second electrode layer of the organic electrolu-
minescent structure in alight-emitting region and the
non-light-emitting region of the pixel unit.
23. (canceled)
24. The manufacturing method according to claim 22,
wherein,
the step of removing the part of at least one of the at least
one organic/inorganic material layer in the non-light-
emitting regions of parts of pixel units is performed
immediately after the at least one layer is formed, or all
the desired removed organic/inorganic material layers
in the non-light-emitting region are removed simulta-
neously.
25. A display device, comprising the organic electrolumi-
nescent display substrate according to claim 1.
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