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ORGANIC LIGHT EMITTING DIODE
DISPLAY PANEL, ORGANIC LIGHT
EMITTING DIODE COUNTER SUBSTRATE,
AND FABRICATING METHOD THEREOF

TECHNICAL FIELD

[0001] The present invention relates to display technology,
more particularly, to an organic light emitting diode display
panel, an organic light emitting diode counter substrate, and
a method of fabricating an organic light emitting diode
display panel.

BACKGROUND

[0002] Organic light emitting diode (OLED) display appa-
ratuses are self-emissive devices. OLED display apparatuses
also provide more vivid colors and a larger color gamut as
compared to the conventional liquid crystal display (LCD)
apparatuses, and do not require backlights. Further. OLED
display apparatuses can be made more flexible, thinner, and
lighter than a typical LCD.

SUMMARY

[0003] In one aspect, the present invention provides an
organic light emitting diode display panel having a plurality
of subpixels, comprising an array substrate; and a counter
substrate facing the array substrate; wherein the counter
substrate comprises a plurality of organic light emitting
diodes; and the array substrate comprises a first base sub-
strate and a plurality of thin film transistors on the first base
substrate for driving light emission of the plurality of
organic light emitting diodes in the counter substrate.

[0004] Optionally, the counter substrate has a subpixel
region and an inter-subpixel region; wherein the counter
substrate in the inter-subpixel region comprises a second
base substrate; a spacer layer on the second base substrate
configured to maintain a spacing between the array substrate
and the counter substrate; and a first electrode layer on a side
of the spacer layer distal to the second base substrate, and
electrically connected to the plurality of the thin film tran-
sistors in the array substrate.

[0005] Optionally, the first electrode layer is a substan-
tially transparent electrode layer.

[0006] Optionally, the army substrate further comprises a
second electrode layer on a side of the plurality of the thin
film transistors distal to the first base substrate; the second
electrode layer comprises a plurality of second electrode
blocks, each of which being electrically connected to a drain
electrode of one of the plurality of thin film transistors; and
the first electrode layer in the counter substrate comprises a
plurality of first electrode blocks, each of which being
electrically connected to one of the plurality of second
electrode blocks in the array substrate.

[0007] Optionally, the second electrode layer is a reflec-
tive electrode layer, and the plurality of second electrode
blocks are a plurality of reflective electrode blocks.

[0008] Optionally, the counter substrate in the subpixel
region comprises a third electrode layer on the second base
substrate; and an organic light emitting layer on a side of the
third electrode layer distal to the second base substrate;
wherein the first electrode layer is on a side of the organic
light emitting layer distal to the third electrode layer; and
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each of the plurality of first electrode blocks in each of the
plurality of subpixels extends from the subpixel region into
the inter-subpixel region.

[0009] Optionally, an orthographic projection of each of
the plurality of second electrode blocks on the first base
substrate substantially covers an orthographic projection of
the organic light emitting layer in one of the plurality of
subpixels on the first base substrate.

[0010] Optionally, the spacer layer comprises a plurality
of spacer blocks; and each of the plurality of first electrode
blocks is on a side of one of the plurality of spacer blocks
distal to the second base substrate in the inter-subpixel
region.

[0011] Optionally, each of the plurality of subpixels com-
prises at least one of the plurality of the spacer blocks.
[0012] Optionally, the counter substrate in the inter-sub-
pixel region further comprises a fourth electrode layer; the
fourth electrode layer comprises a plurality of fourth elec-
trode blocks; each of the plurality of fourth electrode blocks
is on a side of one of the plurality of spacer blocks proximal
to the second base substrate; and each of the plurality of
fourth electrode blocks is electrically connected to the third
electrode layer.

[0013] Optionally, the fourth electrode layer comprises a
metallic material.

[0014] Optionally, an orthographic projection of each of
the plurality of fourth electrode blocks on the second base
substrate substantially covers an orthographic projection of
one of the plurality of spacer blocks on the second base
substrate.

[0015] Optionally, the fourth electrode layer is on a side of
the third electrode layer distal to the second base substrate.
[0016] Optionally, the counter substrate in the inter-sub-
pixel region further comprises an insulating layer between
the spacer layer and the fourth electrode layer; and the
insulating layer comprises a plurality of insulating blocks,
each of which on a side of one of the plurality of fourth
electrode blocks distal to the second base substrate.

[0017] Optionally, the organic light emitting diode display
panel comprises a recess defined by one of the plurality of
insulating blocks, one of the plurality of fourth electrode
blocks, and the third electrode layer; and an orthographic
projection of the one of the plurality of insulating blocks on
the second base substrate substantially covers a combination
of an orthographic projection of the recess on the second
base substrate and an orthographic projection of one of the
plurality of fourth electrode blocks adjacent to the recess on
the second base substrate.

[0018] Optionally, the counter substrate in the inter-sub-
pixel region further comprises an organic light emitting
layer between the spacer layer and the first electrode layer;
and the organic light emitting layer in each of the plurality
of subpixels extends from the subpixel region into the
inter-subpixel region.

[0019] Optionally, the counter substrate further comprises
a black matrix on the second base substrate and in the
inter-subpixel region; a color filter on the second base
substrate and in the subpixel region; and an overcoat layer
on a side of the black matrix and the color filter distal to the
second base substrate.

[0020] Optionally, the array substrate is absent of a pixel
definition layer.

[0021] Inanother aspect, the present invention provides an
organic light emitting diode counter substrate having a
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subpixel region and an inter-subpixel region; wherein the
organic light emitting diode counter substrate in the inter-
subpixel region comprises a second base substrate; a black
matrix on the second base substrate; a spacer layer on a side
of the black matrix distal to the second base substrate; and
a first electrode layer on a side of the spacer layer distal to
the black matrix; wherein the organic light emitting diode
counter substrate in the subpixel region comprises a third
electrode layer on the second base substrate; an organic light
emitting layer on a side of the third electrode layer distal to
the second base substrate; and the first electrode layer on a
side of the organic light emitting layer distal to the third
electrode layer; wherein the first electrode layer comprises a
plurality of first electrode blocks; and each of the plurality
of first electrode blocks in each of a plurality of subpixels
extends from the subpixel region into the inter-subpixel
region.

[0022] Optionally, the spacer layer comprises a plurality
of spacer blocks; and each of the plurality of first electrode
blocks is on a side of one of the plurality of spacer blocks
distal to the second base substrate in the inter-subpixel
region.

[0023] Optionally, each of the plurality of subpixels has at
least one of the plurality of the spacer blocks.

[0024] Optionally, the organic light emitting diode counter
substrate in the inter-subpixel region further comprises a
fourth electrode layer; the fourth electrode layer comprises
a plurality of fourth electrode blocks; each of the plurality of
fourth electrode blocks is on a side of one of the plurality of
spacer blocks proximal to the second base substrate; and
each of the plurality of fourth electrode blocks is electrically
connected to the third electrode layer.

[0025] Optionally, the organic light emitting diode counter
substrate in the inter-subpixel region further comprises an
insulating layer between the spacer layer and the fourth
electrode layer, the insulating layer comprises a plurality of
insulating blocks; and each of the plurality of insulating
blocks is on a side of one of the plurality of fourth electrode
blocks distal to the second base substrate.

[0026] Optionally, the organic light emitting diode counter
substrate further comprises a recess defined by one of the
plurality of insulating blocks, one of the plurality of fourth
electrode blocks, and the third electrode layer, and an
orthographic projection of the one of the plurality of insu-
lating blocks on the second base substrate substantially
coven a combination of an orthographic projection of the
recess on the second base substrate and an orthographic
projection of one of the plurality of fourth electrode blocks
adjacent to the recess on the second base substrate.

[0027] Optionally, the organic light emitting diode counter
substrate further comprises a black matrix on the second
base substrate and in the inter-subpixel region; a color filter
on the second base substrate and in the subpixel region; and
an overcoat layer on a side of the black matrix and the color
filter distal to the second base substrate.

[0028] In another aspect, the present invention provides a
method of fabricating an organic light emitting diode display
panel having a plurality of subpixels, comprising forming a
counter substrate; forming an array substrate; and assem-
bling the counter substrate and the array substrate together;
wherein forming the counter substrate comprises forming a
plurality of organic light emitting diodes; and forming the
array substrate comprises forming a plurality of thin film
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transistors on a first base substrate for driving light emission
of the plurality of organic light emitting diodes in the
counter substrate.

[0029] Optionally, forming the array substrate further
comprises forming a second electrode layer on a side of the
plurality of thin film transistors distal to the first base
substrate; forming the second electrode layer comprises
forming a plurality of second electrode blocks; and each of
the plurality of second electrode blocks is formed to be
electrically connected to a drain electrode of one of the
plurality of thin film transistors.

[0030] Optionally, forming the counter substrate further
comprises, in the subpixel region: forming a third electrode
layer on the second base substrate; forming an organic light
emitting layer on a side of the third electrode layer distal to
the second base substrate; and forming a first electrode layer
on a side of the organic light emitting layer distal to the third
electrode layer, wherein forming the first electrode layer
comprises forming a plurality of first electrode blocks; and
each of the plurality of first electrode blocks in each of the
plurality of subpixels is formed to extend from the subpixel
region into the inter-subpixel region.

[0031] Optionally, forming counter substrate further com-
prises, in the inter-subpixel region: forming a spacer layer on
a second base substrate; and forming a first electrode layer
on a side of the spacer layer distal to the second base
substrate; wherein forming the first electrode layer com-
prises forming a plurality of first electrode blocks; forming
the second electrode layer comprises forming a plurality of
second electrode blocks; and assembling the counter sub-
strate and the array substrate comprises electrically connect-
ing each of the plurality of first electrode blocks to one of the
plurality of second electrode blocks in the array substrate.
[0032] Optionally, forming the spacer layer comprises
forming a plurality of spacer blocks; and each of the
plurality of first electrode blocks is formed on a side of one
of the plurality of spacer blocks distal to the second base
substrate in the inter-subpixel region.

[0033] Optionally, forming the counter substrate further
comprises forming a fourth electrode layer in the inter-
subpixel region; forming the fourth electrode layer com-
prises forming a plurality of fourth electrode blocks; each of
the plurality of fourth electrode blocks is formed on a side
of one of the plurality of spacer blocks proximal to the
second base substrate; and each of the plurality of fourth
electrode blocks is formed to be electrically connected to the
third electrode layer.

[0034] Optionally, forming the counter substrate further
comprises forming an insulating layer in the inter-subpixel
region and between the spacer layer and the fourth electrode
layer; forming the insulating layer comprises forming a
plurality of insulating blocks; and each of the plurality of
insulating blocks is formed on a side of one of the plurality
of fourth electrode blocks distal to the second base substrate.
[0035] Optionally, forming the counter substrate further
comprises forming a recess defined by one of the plurality of
insulating blocks, one of the plurality of fourth electrode
blocks, and the third electrode layer; the recess is formed so
that an orthographic projection of the one of the plurality of
insulating blocks on the second base substrate substantially
covers a combination of an orthographic projection of the
recess on the second base substrate and an orthographic
projection of one of the plurality of fourth electrode blocks
adjacent to the recess on the second base substrate.
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[0036] Optionally, forming the counter substrate further
comprises forming a black matrix on the second base
substrate and in the inter-subpixel region; forming a color
filter on the second base substrate and in the subpixel region;
and forming an overcoat layer on a side of the black matrix
and the color filter distal to the second base substrate.

BRIEF DESCRIPTION OF THE FIGURES

[0037] The following drawings are merely examples for
illustrative purposes according to various disclosed embodi-
ments and are not intended to limit the scope of the present
invention.

[0038] FIG. 1 is a schematic diagram illustrating the
structure of an organic light emitting diode display panel in
some embodiments according to the present disclosure.
[0039] FIG. 2 is a schematic diagram illustrating the
structure of an organic light emitting diode display panel in
some embodiments according to the present disclosure.
[0040] FIG. 3 is a zoom-in view of one of the plurality of
organic light emitting diodes in an organic light emitting
diode display panel in some embodiments according to the
present disclosure.

[0041] FIG. 4 is a schematic diagram illustrating the
structure of an organic light emitting diode display panel in
some embodiments according to the present disclosure.
[0042] FIG. 5 is a plan view of an organic light emitting
diode display panel in some embodiments according to the
present disclosure.

[0043] FIG. 6 is a schematic diagram illustrating the
structure of an organic light emitting diode counter substrate
in some embodiments according to the present disclosure.
[0044] FIG. 7 is a schematic diagram illustrating the
structure of an array substrate in some embodiments accord-
ing to the present disclosure.

[0045] FIGS. 8Ato 8F illustrate a process of fabricating an
organic light emitting diode display panel in some embodi-
ments according to the present disclosure.

DETAILED DESCRIPTION

[0046] The disclosure will now be described more spe-
cifically with reference to the following embodiments. It is
to be noted that the following descriptions of some embodi-
ments are presented herein for purpose of illustration and
description only. It is not intended to be exhaustive or to be
limited to the precise form disclosed.

[0047] In fabricating a conventional organic light emitting
diode display panel, particularly a top emission-type con-
ventional organic light emitting diode display panel, many
defects may occur due to various limitations. For example,
in the conventional organic light emitting diode display
panel, subpixel regions in the array substrate are defined by
a pixel definition layer in the array substrate, and subpixel
region in the counter substrate are defined by a black matrix
in the counter substrate. Thus, the conventional organic light
emitting diode display panel can only tolerate a very small
alignment error in the process of assembling the array
substrate and the counter substrate. In conventional organic
light emitting diode display panel, often an auxiliary cathode
is formed in the counter substrate, and a spacer layer is
formed on the auxiliary cathode. The adhesion between the
metallic auxiliary cathode and an overcoat layer of the
counter substrate is often problematic, which often results in
fall-off of the auxiliary cathode from the overcoat layer.

Oct. 28, 2021

Similarly, the adhesion between the spacer layer and the
auxiliary cathode could also be problematic. Peeling of the
spacer layer from the counter substrate can lead to defects in
display.

[0048] Accordingly, the present disclosure provides, inter
alia, an organic light emitting diode display panel, an
organic light emitting diode counter substrate, and a method
of fabricating an organic light emitting diode display panel
that substantially obviate one or more of the problems due
to limitations and disadvantages of the related art. In one
aspect, the present disclosure provides an organic light
emitting diode display panel having a plurality of subpixels.
In some embodiments, the organic light emitting diode
display panel includes an array substrate and a counter
substrate facing the array substrate. The counter substrate
includes a plurality of organic light emitting diodes. The
array substrate includes a first base substrate and a plurality
of thin film transistors on the first base substrate for driving
light emission of the plurality of organic light emitting
diodes in the counter substrate.

[0049] FIG. 1 is a schematic diagram illustrating the
structure of an organic light emitting diode display panel in
some embodiments according to the present disclosure.
Referring to FIG. 1, the organic light emitting diode display
panel includes a plurality of subpixels Sp, and includes an
array substrate 1 and a counter substrate 2 facing the array
substrate 1. The counter substrate 2 includes a plurality of
organic light emitting diodes OLED, the array substrate 1
includes a first base substrate 10 and a plurality of thin film
transistors TFT on the first base substrate 10 for driving light
emission of the plurality of organic light emitting diodes
OLED in the counter substrate 2. In the present organic light
emitting diode display panel, the plurality of thin film
transistors TFT and the plurality of organic light emitting
diodes OLED are disposed in two separate substrates facing
each other. By disposing the plurality of organic light
emitting diodes OLED in the counter substrate 2 rather than
in the array substrate 1, the plurality of organic light emitting
diodes OLED can be disposed on a substantially flat surface
(e.g., a surface absent large segmental differences), effec-
tively avoiding occurrence of defects in the fabrication
process due to the large segmental differences. By disposing
the plurality of organic light emitting diodes OLED on the
counter substrate 2, a relatively larger alignment error
between the counter substrate 2 and the array substrate 1
during the assembling process of the organic light emitting
diode display panel can also be tolerated. Moreover, the
present organic light emitting diode display panel obviates
the need to have a pixel definition layer in the array substrate
1 as the plurality of organic light emitting diodes OLED are
in the counter substrate 2.

[0050] Referring to FIG. 1, the counter substrate 2 has a
subpixel region A and an inter-subpixel region B. In some
embodiments, the counter substrate 2 in the inter-subpixel
region B includes a second base substrate 30, a spacer layer
100 on a side of the second base substrate 30 proximal to the
first base substrate 10 and configured to maintain a spacing
between the array substrate 1 and the counter substrate 2,
and a first electrode layer 120 on a side of the spacer layer
100 distal to the second base substrate 30. Optionally, the
first electrode layer 120 is a substantially transparent elec-
trode layer. As used herein, the term “substantially trans-
parent” means at least 50 percent (e.g., at least 60 percent,
at least 70 percent, at least 80 percent, at least 90 percent,
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and at least 95 percent) of light in the visible wavelength
range transmitted therethrough.

[0051] Various appropriate substantially transparent elec-
trode materials and various appropriate fabricating methods
may be used to make the first electrode layer 120. For
example, an electrode material may be deposited on the
substrate by a plasma-enhanced chemical vapor deposition
(PECVD) process and patterned. Examples of appropriate
substantially transparent electrode materials for making the
first electrode layer 120 include, but are not limited to,
indium tin oxide, indium zinc oxide, aluminum zinc oxide,
indium gallium zinc oxide, aluminum zinc tin oxide, nano-
metals such as nano-silver, conductive resins, graphene,
carbon nanotubes, and the like.

[0052] As used herein, a subpixel region refers to a light
emission region of a subpixel, such as a region correspond-
ing to a pixel electrode in a liquid crystal display, or a region
corresponding to a light emissive layer in an organic light
emitting diode display panel. Optionally, a pixel may
include a number of separate light emission regions corre-
sponding to a number of subpixels in the pixel. Optionally,
the subpixel region is a light emission region of a red color
subpixel. Optionally, the subpixel region is a light emission
region of a green color subpixel. Optionally, the subpixel
region is a light emission region of a blue color subpixel.
Optionally, the subpixel region is a light emission region of
a white color subpixel. As used herein, an inter-subpixel
region refers to a region between adjacent subpixel regions,
such as a region corresponding to a black matrix in a liquid
crystal display, or a region corresponding a pixel definition
layer in an organic light emitting diode display panel.
Optionally, the inter-subpixel region is a region between
adjacent subpixel regions in a same pixel. Optionally, the
inter-subpixel region is a region between two adjacent
subpixel regions from two adjacent pixels. Optionally, the
inter-subpixel region is a region between a subpixel region
of a red color subpixel and a subpixel region of an adjacent
green color subpixel. Optionally, the inter-subpixel region is
a region between a subpixel region of a red color subpixel
and a subpixel region of an adjacent blue color subpixel.
Optionally, the inter-subpixel region is a region between a
subpixel region of a green color subpixel and a subpixel
region of an adjacent blue color subpixel.

[0053] Referring to FIG. 1, the first electrode layer 120 in
some embodiments is electrically connected to the plurality
of the thin film transistors TFT in the array substrate 1. In
some embodiments, the array substrate 1 further includes a
second electrode layer 20 on a side of the plurality of thin
film transistors TFT distal to the first base substrate 10.
Optionally, the second electrode layer 20 includes a plurality
of second electrode blocks 205, each of which being elec-
trically connected to a drain electrode D of one of the
plurality of thin film transistors TFT. Optionally, the first
electrode layer 120 in the counter substrate 2 includes a
plurality of first electrode blocks 1205, each of which being
electrically connected to one of the plurality of second
electrode blocks 204 in the array substrate 1, and in turn
electrically connected to the drain electrode D of one of the
plurality of thin film transistors TFT. Each of the plurality of
thin film transistors TFT further includes a source electrode
S.

[0054] In some embodiments, the second electrode layer
20 is a reflective electrode layer, and the plurality of second
electrode blocks 205 are a plurality of reflective electrode
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blocks. As used herein, the term “reflective” mean at least 50
percent (e.g., at least 60 percent, at least 70 percent, at least
80 percent, at least 90 percent, and at least 95 percent)
reflectivity of light in the visible wavelength range. Light
emitted from each of the plurality of organic light emitting
diodes OLED is reflected by one of the plurality of second
electrode blocks 205, the reflected light emits out of the
organic light emitting diode display panel from the second
base substrate 30 along a direction away from the second
electrode layer 20. Optionally, the organic light emitting
diode display panel is a top emission-type organic light
emitting diode display panel.

[0055] Various appropriate reflective electrode materials
and various appropriate fabricating methods may be used to
make the second electrode layer 20. For example, an elec-
trode material may be deposited on the substrate, e.g., by
sputtering or vapor deposition or solution coating; and
patterned. Examples of appropriate electrode materials for
making the second electrode layer 20 include, but are not
limited to, silver, molybdenum, aluminum, titanium, gold,
copper, hafnium, tantalum, alloys such as aluminum Neo-
dymium (AINd), molybdenum Niobium (MoNb), and lami-
nates such as a molybdenum-aluminum-molybdenum lami-
nated structure, a MoNb-copper-MoNb laminated structure,
and a AINd-molybdenum-AINd laminated structure.
[0056] In some embodiments, an orthographic projection
of'each of the plurality of second electrode blocks 205 on the
first base substrate 10 at least partially overlaps with an
orthographic projection of the corresponding subpixel
region A on the first base substrate 10. Optionally, the
orthographic projection of each of the plurality of second
electrode blocks 205 on the first base substrate 10 substan-
tially covers the orthographic projection of the correspond-
ing subpixel region A on the first base substrate 10.

[0057] In some embodiments, the orthographic projection
of'each of the plurality of second electrode blocks 205 on the
first base substrate 10 at least partially overlaps with an
orthographic projection of the corresponding one of the
plurality of first electrode blocks 1205 on the first base
substrate 10. Optionally, the orthographic projection of each
of the plurality of second electrode blocks 206 on the first
base substrate 10 substantially covers the orthographic pro-
jection of the corresponding one of the plurality of first
electrode blocks 1205 on the first base substrate 10.

[0058] In some embodiments, the orthographic projection
of'each of the plurality of second electrode blocks 205 on the
first base substrate 10 at least partially overlaps with an
orthographic projection of the corresponding one of the
plurality of organic light emitting diodes OLED on the first
base substrate 10. Optionally, the orthographic projection of
each of the plurality of second electrode blocks 2056 on the
first base substrate 10 substantially covers the orthographic
projection of the corresponding one of the plurality of
organic light emitting diodes OLED on the first base sub-
strate 10.

[0059] In some embodiments, the second electrode layer
20 is limited to the inter-subpixel region B. FIG. 2 is a
schematic diagram illustrating the structure of an organic
light emitting diode display panel in some embodiments
according to the present disclosure. Referring to FIG. 2, in
some embodiments, each of the plurality of second electrode
blocks 204 functions as an intermediate connecting compo-
nent for electrically connecting the one of the plurality of
first electrode blocks 1206 and the drain electrode D of one
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of the plurality of thin film transistors TFT. Optionally, the
organic light emitting diode display panel is a bottom
emission-type organic light emitting diode display panel.
Optionally, the organic light emitting diode display panel is
a dual emission-type organic light emitting diode display
panel.

[0060] Referring to FIG. 1 and FIG. 2, in some embodi-
ments, the counter substrate 2 in the subpixel region A
includes a third electrode layer 70 on a side of the second
base substrate 30 proximal to the first base substrate 10; an
organic light emitting layer 110 on a side of the third
electrode layer 70 distal to the second base substrate 30; and
the first electrode layer 120 on a side of the organic light
emitting layer 110 distal to the third electrode layer 70.
Optionally, each of the plurality of first electrode blocks
12054 in each of the plurality of subpixels Sp extends from
the subpixel region A into the inter-subpixel region B.
Optionally, the third electrode layer 70 is a cathode for the
plurality of organic light emitting diodes OLED, and each of
the plurality of first electrode blocks 1205 is an anode for
one of the plurality of organic light emitting diodes OLED.
Optionally, the third electrode layer 70 is an anode for the
plurality of organic light emitting diodes OLED, and each of
the plurality of first electrode blocks 1205 is a cathode for
one of the plurality of organic light emitting diodes OLED.
Optionally, the third electrode layer 70 is a substantially
transparent electrode layer.

[0061] Various appropriate substantially transparent elec-
trode materials and various appropriate fabricating methods
may be used to make the third electrode layer 70. For
example, an electrode material may be deposited on the
substrate by a plasma-enhanced chemical vapor deposition
(PECVD) process and patterned. Examples of appropriate
substantially transparent electrode materials for making the
third electrode layer 70 include, but are not limited to,
indium tin oxide, indium zinc oxide, aluminum zinc oxide,
indium gallium zinc oxide, aluminum zinc tin oxide, nano-
metals such as nano-silver, conductive resins, graphene,
carbon nanotubes, and the like.

[0062] Referring to FIG. 1, in some embodiments, the
orthographic projection of each of the plurality of second
electrode blocks 205 on the first base substrate 10 at least
partially overlaps with an orthographic projection of the
organic light emitting layer 110 in one of the plurality of
subpixels Sp on the first base substrate 10. Optionally, the
orthographic projection of each of the plurality of second
electrode blocks 205 on the first base substrate 10 substan-
tially covers the orthographic projection of the organic light
emitting layer 110 in one of the plurality of subpixels Sp on
the first base substrate 10. Optionally, an orthographic
projection of the second electrode layer 20 on the first base
substrate 10 at least partially overlaps with the orthographic
projection of the organic light emitting layer 110 on the first
base substrate 10. Optionally, the orthographic projection of
the second electrode layer 20 on the first base substrate 10
substantially covers with the orthographic projection of the
organic light emitting layer 110 on the first base substrate 10.
[0063] Referring to FIG. 2, in some embodiments, the
orthographic projection of each of the plurality of second
electrode blocks 204 on the first base substrate 10 is sub-
stantially non-overlapping with the orthographic projection
of the organic light emitting layer 110 in one of the plurality
of subpixels Sp on the first base substrate 10. Optionally, the
orthographic projection of the second electrode layer 20 on
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the first base substrate 10 is substantially non-overlapping
with the orthographic projection of the organic light emitting
layer 110 on the first base substrate 10.

[0064] FIG. 3 is a zoom-in view of one of the plurality of
organic light emitting diodes in an organic light emitting
diode display panel in some embodiments according to the
present disclosure. Referring to FIG. 3, the counter substrate
2 in the subpixel region A in some embodiments further
includes one or more organic functional layers. The organic
light emitting layer 110 is one of the multiple layers of an
organic layer 3. In one example, the organic layer 3 includes
a hole injection layer 108 on one of the plurality of first
electrode blocks 1205, a hole transport layer 109 on a side
of the hole injection layer 108 distal to the one of the
plurality of first electrode blocks 1205, an organic light
emitting layer 110 on a side of the hole transport layer 109
distal to the hole injection layer 108, an electron transport
layer 111 on a side of the organic light emitting layer 110
distal to the hole transport layer 109, and an electron
injection layer 112 on a side of the electron transport layer
111 distal to the organic light emitting layer 110.

[0065] In some embodiments, and referring to FIG. 1 and
FIG. 2, the spacer layer 100 includes a plurality of spacer
blocks 10056. Optionally, each of the plurality of first elec-
trode blocks 12056 is on a side of one of the plurality of
spacer blocks 1005 distal to the second base substrate 30 in
the inter-subpixel region B. Because each of the plurality of
first electrode blocks 1204 in the counter substrate 2 is
electrically connected to the drain electrode D in one of the
plurality of thin film transistors TFT in the array substrate 1
through one of the plurality of second electrode blocks 205
in the array substrate 1, in some embodiments, each of the
plurality of subpixels Sp includes at least one of the plurality
of the spacer blocks 1005. Optionally, each of the plurality
of subpixels Sp includes a single one of the plurality of the
spacer blocks 1005. Each of the plurality of the spacer
blocks 1005 protruding form a surface the counter substrate
2 toward the array substrate 1, one of the plurality of first
electrode blocks 1205 disposed on one of the plurality of the
spacer blocks 1005 in the counter substrate 2 is in direct
contact with one of the plurality of second electrode blocks
205 in the array substrate 1.

[0066] In some embodiments, the counter substrate 2 in
the inter-subpixel region B further comprises a fourth elec-
trode layer 80. Optionally, the fourth electrode layer 80 is an
auxiliary electrode for the third electrode layer 70, and is
electrically connected to the third electrode layer 70. Option-
ally, the fourth electrode layer 80 is made of a material
having a high conductivity, e.g., a metallic material. Various
appropriate electrode materials and various appropriate fab-
ricating methods may be used to make the fourth electrode
layer 80. For example, an electrode material may be depos-
ited on the substrate, e.g., by sputtering or vapor deposition
or solution coating; and patterned. Examples of appropriate
electrode materials for making the fourth electrode layer 80
include, but are not limited to, molybdenum, aluminum,
titanium, gold, copper, hafnium, tantalum, alloys such as
aluminum Neodymium (AINd), molybdenum Niobium
(MoNb), and laminates such as a molybdenum-aluminum-
molybdenum laminated structure, a MoNb-copper-MoNb
laminated structure, and a AINd-molybdenum-AINd lami-
nated structure.

[0067] Referring to FIG. 1 and FIG. 2, the fourth electrode
layer 80 in some embodiments includes a plurality of fourth
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electrode blocks 8056. Each of the plurality of fourth elec-
trode blocks 805 is on a side of one of the plurality of spacer
blocks 10056 proximal to the second base substrate 30, and
each of the plurality of fourth electrode blocks 805 is
electrically connected to the third electrode layer 70. Option-
ally, an orthographic projection of each of the plurality of
fourth electrode blocks 805 on the second base substrate 30
at least partially overlaps with an orthographic projection of
one of the plurality of spacer blocks 1005 on the second base
substrate 30. Optionally, the orthographic projection of each
of the plurality of fourth electrode blocks 805 on the second
base substrate 30 substantially overlaps with the ortho-
graphic projection of one of the plurality of spacer blocks
1005 on the second base substrate 30. Optionally, the
orthographic projection of each of the plurality of fourth
electrode blocks 805 on the second base substrate 30 sub-
stantially covers the orthographic projection of one of the
plurality of spacer blocks 1005 on the second base substrate
30.

[0068] In some embodiments, and referring to FIG. 1 and
FIG. 2, the fourth electrode layer 80 is on a side of the third
electrode layer 70 proximal to the second base substrate 30,
and each of the plurality of fourth electrode blocks 8054 is on
a side of the third electrode layer 70 proximal to the second
base substrate 30. FIG. 4 is a schematic diagram illustrating
the structure of an organic light emitting diode display panel
in some embodiments according to the present disclosure.
Referring to FIG. 4, in some embodiments, the fourth
electrode layer 80 is on a side of the third electrode layer 70
distal to the second base substrate 30, and each of the
plurality of fourth electrode blocks 806 is on a side of the
third electrode layer 70 distal to the second base substrate
30. By having the fourth electrode layer 80 is on a side of
the third electrode layer 70 distal to the second base sub-
strate 30, the adhesion of the fourth electrode layer 80 (e.g.,
a metallic electrode layer) to the counter substrate 2 can be
greatly enhanced. For example, an adhesion of a metallic
fourth electrode layer 80 to the electrode material of the third
electrode layer 70 is much greater than an adhesion of a
metallic fourth electrode layer 80 to an organic material in
a layer (e.g., an overcoat layer 60) in the counter substrate

[0069] Referring to FIG. 4, in some embodiments, the
counter substrate 2 in the inter-subpixel region B further
includes an insulating layer 90 between the spacer layer 100
and the fourth electrode layer 80. The insulating layer 90 is
absent in the subpixel region A and present in the inter-
subpixel region B. Optionally, the insulating layer 90
includes a plurality of insulating blocks 905. Optionally,
each of the plurality of insulating blocks 905 is on a side of
one of the plurality of fourth electrode blocks 805 distal to
the second base substrate 30. By having an insulating layer
90 between the spacer layer 100 and the fourth electrode
layer 80 (e.g., a metallic electrode layer), the adhesion of the
spacer layer 100 to the counter substrate 2 can be greatly
enhanced, avoiding defects due to separation of the plurality
of spacer blocks 1005 from the counter substrate 2.

[0070] Referring to FIG. 4, the organic light emitting
diode display panel in some embodiments includes a recess
R defined by one of the plurality of insulating blocks 905,
one of the plurality of fourth electrode blocks 805, and the
third electrode layer 70. For example, the recess R is defined
by a side surface of the one of the plurality of fourth
electrode blocks 805, a surface of the third electrode layer 70
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closest to the insulating layer, and a surface of the one of the
plurality of insulating blocks 905 closest to the third elec-
trode layer 70. By having a recess R recessing into the one
of' the plurality of fourth electrode blocks 805, the one of the
plurality of fourth electrode blocks 805 is insulated from an
adjacent organic light emitting diode of the plurality of
organic light emitting diodes OLED in an adjacent subpixel
of the plurality of subpixels Sp. For example, by having the
recess R, the one of the plurality of fourth electrode blocks
805 is insulated from the organic light emitting layer 110 in
an adjacent subpixel of the plurality of subpixels Sp. Option-
ally, an orthographic projection of the one of the plurality of
insulating blocks 905 on the second base substrate 30
substantially covers a combination of an orthographic pro-
jection of the recess R on the second base substrate 30 and
an orthographic projection of one of the plurality of fourth
electrode blocks 805 adjacent to the recess R on the second
base substrate 30.

[0071] In some embodiments, the organic light emitting
layer 110 in each of the plurality of subpixels Sp extends
from the subpixel region A into the inter-subpixel region B,
e.g., the counter substrate 2 in the inter-subpixel region B
further includes the organic light emitting layer 110 between
the spacer layer 100 and the first electrode layer 120. The
organic light emitting layer 110 in the inter-subpixel region
B in each of the plurality of subpixels Sp is sandwiched
between one of the spacer blocks 1005 and one of the
plurality of first electrode blocks 12054. In fabricating the
organic light emitting diode display panel, the insulating
layer 90 is formed on a side of the fourth electrode layer 80
distal to the third electrode layer 70, the fourth electrode
layer 80 is over-etched on one side to form the recess R.
Subsequently, an organic light emitting material can be
deposited on a side of the spacer layer 100 distal to the
insulating layer 90 to form the organic light emitting layer
110, e.g., without patterning due to the existence of the
recess R. Similarly, an electrode material is then deposited
on a side of the organic light emitting layer 110 distal to the
spacer layer 100, e.g., without patterning due to the exis-
tence of the recess R. By having the recess R, the fabrication
process can be much simplified.

[0072] In some embodiments, the counter substrate 2
further includes a black matrix 40 on the second base
substrate 30 and in the inter-subpixel region B; and a color
filter 50 on the second base substrate 30 and in the subpixel
region A. Optionally, the counter substrate 2 further includes
an overcoat layer 60 on a side of the black matrix 40 and the
color filter 50 distal to the second base substrate 30. Option-
ally, the third electrode layer 70 is on a side of the overcoat
layer 60 distal to the second base substrate 30.

[0073] Referring to FIG. 1, FIG. 2, and FIG. 3, the array
substrate 1 in some embodiments is absent of any pixel
definition layer. Because the plurality of organic light emit-
ting diodes OLED are disposed in the counter substrate 2, it
is not required to form a pixel definition layer in the army
substrate 1.

[0074] FIG. 5 is a plan view of an organic light emitting
diode display panel in some embodiments according to the
present disclosure. Referring to FIG. 5, the organic light
emitting diode display panel in some embodiments has a
subpixel region A and an inter-subpixel region B. Moreover,
the organic light emitting diode display panel has a plurality
of regions C in which the plurality of spacer blocks 1005 are
disposed, respectively. Referring to FIG. 4 and FIG. 5, in
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each of the plurality of regions C having the plurality of
spacer blocks 1005, the first electrode layer 120 is direct
contact with (e.g., without any intervening layer or struc-
ture) the array substrate 1. Optionally, in the plurality of
regions C of the array substrate 1 having the plurality of
spacer blocks 1005, the first electrode layer 120 is direct
contact with (e.g., without any intervening layer or struc-
ture) the second electrode layer 20. In FIG. 5, the organic
light emitting diode display panel has at least one of the
plurality of regions C in each subpixel Sp.

[0075] In another aspect, the present disclosure provides
an organic light emitting diode counter substrate having a
subpixel region and an inter-subpixel region, and includes a
plurality of subpixels. In some embodiments, the organic
light emitting diode counter substrate in the inter-subpixel
region includes a second base substrate; a black matrix on
the second base substrate; a spacer layer on a side of the
black matrix distal to the second base substrate; and a first
electrode layer on a side of the spacer layer distal to the
black matrix. In some embodiments, the organic light emit-
ting diode counter substrate in the subpixel region includes
a third electrode layer on the second base substrate; an
organic light emitting layer on a side of the third electrode
layer distal to the second base substrate; and the first
electrode layer on a side of the organic light emitting layer
distal to the third electrode layer. Optionally, the first elec-
trode layer includes a plurality of first electrode blocks.
Optionally, each of the plurality of first electrode blocks in
each of a plurality of subpixels extends from the subpixel
region into the inter-subpixel region.

[0076] FIG. 6 is a schematic diagram illustrating the
structure of an organic light emitting diode counter substrate
in some embodiments according to the present disclosure.
Referring to FIG. 6, the organic light emitting diode counter
substrate in some embodiments includes a plurality of
subpixels Sp, and has a subpixel region A and an inter-
subpixel region B. The organic light emitting diode counter
substrate includes a plurality of organic light emitting diodes
OLED, and is absent of any thin film transistor. The organic
light emitting diode counter substrate has a subpixel region
A and an inter-subpixel region B. In some embodiments, the
organic light emitting diode counter substrate in the inter-
subpixel region B includes a second base substrate 30, a
spacer layer 100 on the second base substrate 30, and a first
electrode layer 120 on a side of the spacer layer 100 distal
to the second base substrate 30. Optionally, the first elec-
trode layer 120 is a substantially transparent electrode layer.
Optionally, the first electrode layer 120 includes a plurality
of first electrode blocks 1205.

[0077] In some embodiments, the organic light emitting
diode counter substrate in the subpixel region A includes a
third electrode layer 70 on the second base substrate 30; an
organic light emitting layer 110 on a side of the third
electrode layer 70 distal to the second base substrate 30; and
the first electrode layer 120 on a side of the organic light
emitting layer 110 distal to the third electrode layer 70.
Optionally, each of the plurality of first electrode blocks
12054 in each of the plurality of subpixels Sp extends from
the subpixel region A into the inter-subpixel region B.
Optionally, the third electrode layer 70 is a cathode for the
plurality of organic light emitting diodes OLED, and each of
the plurality of first electrode blocks 1205 is an anode for
one of the plurality of organic light emitting diodes OLED.
Optionally, the third electrode layer 70 is an anode for the
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plurality of organic light emitting diodes OLED, and each of
the plurality of first electrode blocks 1205 is a cathode for
one of the plurality of organic light emitting diodes OLED.
Optionally, the third electrode layer 70 is a substantially
transparent electrode layer.

[0078] In some embodiments, the spacer layer 100
includes a plurality of spacer blocks 1005. Optionally, each
of the plurality of first electrode blocks 12054 is on a side of
one of the plurality of spacer blocks 10056 distal to the
second base substrate 30 in the inter-subpixel region B.
Optionally, each of the plurality of subpixels Sp includes at
least one of the plurality of the spacer blocks 1005. Option-
ally, each of the plurality of subpixels Sp includes a single
one of the plurality of the spacer blocks 1005.

[0079] In some embodiments, the organic light emitting
diode counter substrate in the inter-subpixel region B further
comprises a fourth electrode layer 80. Optionally, the fourth
electrode layer 80 is an auxiliary electrode for the third
electrode layer 70, and is electrically connected to the third
electrode layer 70. Optionally, the fourth electrode layer 80
is made of a material having a high conductivity, e.g., a
metallic material. The fourth electrode layer 80 in some
embodiments includes a plurality of fourth electrode blocks
804. Each of the plurality of fourth electrode blocks 805 is
on a side of one of the plurality of spacer blocks 1005
proximal to the second base substrate 30, and each of the
plurality of fourth electrode blocks 805 is electrically con-
nected to the third electrode layer 70. Optionally, an ortho-
graphic projection of each of the plurality of fourth electrode
blocks 804 on the second base substrate 30 at least partially
overlaps with an orthographic projection of one of the
plurality of spacer blocks 1005 on the second base substrate
30. Optionally, the orthographic projection of each of the
plurality of fourth electrode blocks 8056 on the second base
substrate 30 substantially overlaps with the orthographic
projection of one of the plurality of spacer blocks 1005 on
the second base substrate 30. Optionally, the orthographic
projection of each of the plurality of fourth electrode blocks
805 on the second base substrate 30 substantially covers the
orthographic projection of one of the plurality of spacer
blocks 1005 on the second base substrate 30.

[0080] Insome embodiments, the fourth electrode layer 80
is on a side of the third electrode layer 70 proximal to the
second base substrate 30, and each of the plurality of fourth
electrode blocks 805 is on a side of the third electrode layer
70 proximal to the second base substrate 30. In some
embodiments, the fourth electrode layer 80 is on a side of the
third electrode layer 70 distal to the second base substrate
30, and each of the plurality of fourth electrode blocks 805
is on a side of the third electrode layer 70 distal to the second
base substrate 30.

[0081] In some embodiments, the organic light emitting
diode counter substrate in the inter-subpixel region B further
includes an insulating layer 90 between the spacer layer 100
and the fourth electrode layer 80. The insulating layer 90 is
absent in the subpixel region A and present in the inter-
subpixel region B. Optionally, the insulating layer 90
includes a plurality of insulating blocks 905. Optionally,
each of the plurality of insulating blocks 905 is on a side of
one of the plurality of fourth electrode blocks 805 distal to
the second base substrate 30. In some embodiments, the
organic light emitting diode counter substrate includes a
recess R defined by one of the plurality of insulating blocks
904, one of the plurality of fourth electrode blocks 805, and
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the third electrode layer 70. Optionally, an orthographic
projection of the one of the plurality of insulating blocks 905
on the second base substrate 30 substantially covers a
combination of an orthographic projection of the recess R on
the second base substrate 30 and an orthographic projection
of one of the plurality of fourth electrode blocks 805
adjacent to the recess R on the second base substrate 30.
[0082] In some embodiments, the organic light emitting
layer 110 in each of the plurality of subpixels Sp extends
from the subpixel region A into the inter-subpixel region B,
e.g., the organic light emitting diode counter substrate in the
inter-subpixel region B further includes the organic light
emitting layer 110 between the spacer layer 100 and the first
electrode layer 120. The organic light emitting layer 110 in
the inter-subpixel region B in each of the plurality of
subpixels Sp is sandwiched between one of the spacer
blocks 1005 and one of the plurality of first electrode blocks
1206.

[0083] In some embodiments, the organic light emitting
diode counter substrate further includes a black matrix 40 on
the second base substrate 30 and in the inter-subpixel region
B; and a color filter 50 on the second base substrate 30 and
in the subpixel region A. Optionally, the organic light
emitting diode counter substrate further includes an overcoat
layer 60 on a side of the black matrix 40 and the color filter
50 distal to the second base substrate 30. Optionally, the
third electrode layer 70 is on a side of the overcoat layer 60
distal to the second base substrate 30.

[0084] In another aspect, the present disclosure provides
an array substrate for an organic light emitting diode display
panel. In some embodiments, the array substrate includes a
plurality of subpixels, and has a subpixel region and an
inter-subpixel region. In some embodiments, the array sub-
strate includes a first base substrate and a plurality of thin
film transistors on the first base substrate for driving light
emission of the plurality of organic light emitting diodes in
the counter substrate. Optionally, the array substrate further
includes a second electrode layer on a side of the plurality
of thin film transistors distal to the first base substrate.
Optionally, the array substrate is absent of a pixel definition
layer.

[0085] FIG. 7 is a schematic diagram illustrating the
structure of an array substrate in some embodiments accord-
ing to the present disclosure. Referring to FIG. 7, the array
substrate includes a first base substrate 10, a plurality of thin
film transistors TFT on the first base substrate 10, and a
second electrode layer 20 on a side of the plurality of thin
film transistors TFT distal to the first base substrate 10. The
array substrate is absent of a pixel definition layer. Option-
ally, the second electrode layer 20 includes a plurality of
second electrode blocks 205, each of which being electri-
cally connected to a drain electrode D of one of the plurality
of thin film transistors TFT. Optionally, the first electrode
layer in the counter substrate includes a plurality of first
electrode blocks, each of which being electrically connected
to one of the plurality of second electrode blocks 204 in the
array substrate 1, and in turn electrically connected to the
drain electrode D of one of the plurality of thin film
transistors TFT. The second electrode layer 20 in the present
array substrate is a layer most distal to the first base substrate
10. Optionally, at least a portion of the second electrode
layer 20 is exposed, e.g., at least a portion of the second
electrode layer 20 is not covered by any layer. Optionally,
the second electrode layer 20 has a first side proximal to the
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first base substrate 10 and a second side distal to the first
base substrate 10, the second side opposite to the first side.
Optionally, the second side of the second electrode layer 20
is substantially exposed, e.g., without any layer covering the
second side.

[0086] In some embodiments, the second electrode layer
20 is a reflective electrode layer, and the plurality of second
electrode blocks 204 are a plurality of reflective electrode
blocks. In some embodiments, an orthographic projection of
each of the plurality of second electrode blocks 2056 on the
first base substrate 10 at least partially overlaps with an
orthographic projection of the corresponding subpixel
region A on the first base substrate 10. Optionally, the
orthographic projection of each of the plurality of second
electrode blocks 205 on the first base substrate 10 substan-
tially covers the orthographic projection of the correspond-
ing subpixel region A on the first base substrate 10.

[0087] In some embodiments, the second electrode layer
20 is limited to the inter-subpixel region B.

[0088] In another aspect, the present disclosure provides a
method of fabricating an organic light emitting diode display
panel having a plurality of subpixels. In some embodiments,
the method includes forming a counter substrate; forming an
array substrate; and assembling the counter substrate and the
array substrate together. In some embodiments, the step of
forming the counter substrate includes forming a plurality of
organic light emitting diodes; and the step of forming the
array substrate includes forming a plurality of thin film
transistors on a first base substrate for driving light emission
of the plurality of organic light emitting diodes in the
counter substrate.

[0089] In some embodiments, the step of forming the
array substrate further includes forming a second electrode
layer on a side of the plurality of thin film transistors distal
to the first base substrate, the second electrode layer is
formed to include a plurality of second electrode blocks.
Each of the plurality of second electrode blocks is formed to
be electrically connected to a drain electrode of one of the
plurality of thin film transistors. Optionally, the second
electrode layer is made of a reflective electrode material, and
the plurality of second electrode blocks are a plurality of
reflective electrode blocks.

[0090] In some embodiments, the step of forming the
counter substrate includes, in the inter-subpixel region,
forming a spacer layer on a second base substrate; and
forming a first electrode layer on a side of the spacer layer
distal to the second base substrate. During the step of
assembling the counter substrate and the array substrate, the
first electrode layer is electrically connected to the plurality
of the thin film transistors in the array substrate. Optionally,
the first electrode layer is formed to include a plurality of
first electrode blocks. During the step of assembling the
counter substrate and the array substrate, each of the plu-
rality of first electrode blocks is electrically connected to one
of the plurality of second electrode blocks in the array
substrate.

[0091] In some embodiments, the step of forming the
counter substrate includes, in the subpixel region, forming a
third electrode layer on the second base substrate; forming
an organic light emitting layer on a side of the third electrode
layer distal to the second base substrate; and forming a first
electrode layer on a side of the organic light emitting layer
distal to the third electrode layer. Optionally, each of the
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plurality of first electrode blocks in each of the plurality of
subpixels is formed to extend from the subpixel region into
the inter-subpixel region.

[0092] Optionally, the counter substrate and the array
substrate are assembled so that an orthographic projection of
each of the plurality of second electrode blocks on the first
base substrate substantially covers an orthographic projec-
tion of the organic light emitting layer in one of the plurality
of subpixels on the first base substrate.

[0093] In some embodiments, the step of forming the
spacer layer includes forming a plurality of spacer blocks.
Optionally, each of the plurality of first electrode blocks is
formed on a side of one of the plurality of spacer blocks
distal to the second base substrate in the inter-subpixel
region. Optionally, each of the plurality of subpixels is
formed to include at least one of the plurality of the spacer
blocks.

[0094] In some embodiments, the step of forming the
counter substrate further includes forming a fourth electrode
layer in the inter-subpixel region. Optionally, the fourth
electrode layer is formed to include a plurality of fourth
electrode blocks. Optionally, each of the plurality of fourth
electrode blocks is formed on a side of one of the plurality
of spacer blocks proximal to the second base substrate.
Optionally, each of the plurality of fourth electrode blocks is
formed to be electrically connected to the third electrode
layer. Optionally, the fourth electrode layer is made of a
metallic material. Optionally, the fourth electrode layer and
the spacer layer are formed so that an orthographic projec-
tion of each of the plurality of fourth electrode blocks on the
second base substrate substantially covers an orthographic
projection of one of the plurality of spacer blocks on the
second base substrate. Optionally, the fourth electrode layer
is formed on a side of the third electrode layer distal to the
second base substrate. Optionally, the fourth electrode layer
is formed on a side of the third electrode layer proximal to
the second base substrate.

[0095] In some embodiments, the step of forming the
counter substrate further includes forming an insulating
layer in the inter-subpixel region and between the spacer
layer and the fourth electrode layer. Optionally, the insulat-
ing layer is formed to include a plurality of insulating
blocks, each of which is formed on a side of one of the
plurality of fourth electrode blocks distal to the second base
substrate.

[0096] In some embodiments, the step of forming the
counter substrate further includes forming a recess defined
by one of the plurality of insulating blocks, one of the
plurality of fourth electrode blocks, and the third electrode
layer. The recess is formed so that an orthographic projec-
tion of the one of the plurality of insulating blocks on the
second base substrate substantially covers a combination of
an orthographic projection of the recess on the second base
substrate and an orthographic projection of one of the
plurality of fourth electrode blocks adjacent to the recess on
the second base substrate.

[0097] In some embodiments, the organic light emitting
layer is formed to extend into the inter-subpixel region and
between the spacer layer and the first electrode layer.
[0098] In some embodiments, the step of forming the
counter substrate further includes forming a black matrix on
the second base substrate and in the inter-subpixel region;
forming a color filter on the second base substrate and in the
subpixel region; and forming an overcoat layer on a side of
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the black matrix and the color filter distal to the second base
substrate. Optionally, the third electrode layer is formed on
a side of the overcoat layer distal to the second base
substrate.

[0099] FIGS. 8A to 8F illustrate a process of fabricating an
organic light emitting diode display panel in some embodi-
ments according to the present disclosure. Referring to FIG.
8A, a black matrix 40 is formed on a second base substrate
30 and in the inter-subpixel region B; a color filter 50 is
formed on the second base substrate 30 and in the subpixel
region A; an overcoat layer 60 is formed on a side of the
black matrix 40 and the color filter 50 distal to the second
base substrate 30; and a third electrode layer 70 is formed on
a side of the overcoat layer 60 distal to the second base
substrate 30. An electrode material layer 80' is formed on a
side of the third electrode layer 70 distal to the overcoat
layer 60. The electrode material layer 80' is formed to
include a plurality of electrode material blocks 804' each of
which is formed in the inter-subpixel region B. An insulating
material layer 90' is formed on a side of the electrode
material layer 80' distal to the third electrode layer 70. A
photoresist layer 4 is formed on a side of the insulating
material layer 90" distal to the electrode material layer 80'.
Each of the plurality of electrode material blocks 804" has a
first lateral side L.S1 and a second lateral side LS2 opposite
to the first lateral side LSL. The photoresist layer 4 is formed
so that an orthographic projection of the photoresist layer 4
on the second base substrate 30 substantially covers an
orthographic projection of the first lateral side LS1 on the
second base substrate 30, but at least partially non-overlap-
ping with an orthographic projection of the second lateral
side L.S2 on the second base substrate 30. Optionally, the
orthographic projection of the photoresist layer 4 on the
second base substrate 30 is substantially non-overlapping
with an orthographic projection of the second lateral side
LS2 on the second base substrate 30.

[0100] Referring to FIG. 8B, the insulating material layer
90" is patterned to form a plurality of insulating blocks 905,
each of which is formed in the inter-subpixel region B,
thereby forming an insulating layer 90. For example, the
insulating material layer 90' in the subpixel region A is
substantially removed using the photoresist layer 4 as a
mask. Each of the plurality of insulating blocks 9054 is
formed to cover the first lateral side LS1 of one of the
plurality of electrode material blocks 804", but at least
partially not cover the second lateral side L.S2. Optionally,
the second lateral side [.S2 is substantially exposed.

[0101] Referring to FIG. 8C, the electrode material layer
80" is over-etched using an etchant, e.g., a wet etchant,
thereby forming the fourth electrode layer 80 having a
plurality of fourth electrode blocks 805. Because the second
lateral side [.S2 of each of the plurality of electrode material
blocks 805" is at least partially exposed, the electrode
material layer 80' is over-etch on the second lateral side .S2.
Because the first lateral side LS1 of each of the plurality of
electrode material blocks 805" is substantially covered by
one of the plurality of insulating blocks 905, the electrode
material layer 80' is substantially not over-etched on the first
lateral side L.S1. Over-etching of the electrode material layer
80" results in a recess R defined by one of the plurality of
insulating blocks 905, one of the plurality of fourth electrode
blocks 804, and the third electrode layer 70. For example,
the recess R is defined by a side surface of the one of the
plurality of fourth electrode blocks 805, a surface of the third
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electrode layer 70 closest to the insulating layer, and a
surface of the one of the plurality of insulating blocks 905
closest to the third electrode layer 70. Optionally, an ortho-
graphic projection of the one of the plurality of insulating
blocks 905 on the second base substrate 30 substantially
covers a combination of an orthographic projection of the
recess R on the second base substrate 30 and an orthographic
projection of one of the plurality of fourth electrode blocks
806 adjacent to the recess R on the second base substrate 30.
[0102] Referring to FIG. 8D, a spacer layer 100 is formed
in the inter-subpixel region B and on a side of the insulating
layer 90 distal to the fourth electrode layer 80. The spacer
layer 100 is formed to include a plurality of spacer blocks
1006. Each of the plurality of spacer blocks 1005 is formed
on a side of one of the plurality of fourth electrode blocks
806 distal to the third electrode layer 70. Optionally, the
spacer layer 100 and the fourth electrode layer 80 are formed
so that an orthographic projection of each of the plurality of
fourth electrode blocks 805 on the second base substrate 30
substantially covers an orthographic projection of one of the
plurality of spacer blocks 1005 on the second base substrate
30.

[0103] Referring to FIG. 8D, an organic light emitting
layer 110 is then formed. The organic light emitting layer
110 in some embodiments is formed in both the subpixel
region A and in the inter-subpixel region B. In the inter-
subpixel region B, the organic light emitting layer 110 is
formed on a side of the spacer layer 100 distal to one of the
plurality of insulating blocks 905. In the subpixel region A,
the organic light emitting layer 110 is formed on a side of the
third electrode layer 70 distal to the overcoat layer 60. By
having a recess R recessing into the one of the plurality of
fourth electrode blocks 804, the organic light emitting layer
110 can be formed so that the one of the plurality of fourth
electrode blocks 805 is insulated from an adjacent organic
light emitting diode of the plurality of organic light emitting
diodes OLED in an adjacent subpixel of the plurality of
subpixels Sp. For example, by having the recess R, the
organic light emitting layer 110 can be formed so that the
one of the plurality of fourth electrode blocks 805 is insu-
lated from the organic light emitting layer 110 in an adjacent
subpixel of the plurality of subpixels Sp.

[0104] Referring to FIG. 8D, a first electrode layer 120 is
formed. The first electrode layer 120 in some embodiments
is formed in both the subpixel region A and in the inter-
subpixel region B. In the inter-subpixel region B, the first
electrode layer 120 is formed on a side of the organic light
emitting layer 110 distal to one of the plurality of the spacer
blocks 1005. In the subpixel region A, the first electrode
layer 120 is formed on a side of the organic light emitting
layer 110 distal to the third electrode layer 70. By having a
recess R recessing into the one of the plurality of fourth
electrode blocks 804, the first electrode layer 120 can be
formed so that the one of the plurality of fourth electrode
blocks 806 is insulated from the first electrode layer 120 in
an adjacent subpixel of the plurality of subpixels Sp. As
shown in FIG. 8D, the first electrode layer 120 in some
embodiments is formed to include a plurality of first elec-
trode blocks 1205. A counter substrate 2 is then formed.
[0105] Referring to FIG. 8E, an array substrate 1 is
provided. The array substrate 1 is formed to includes a first
base substrate 10, a plurality of thin film transistors TFT on
the first base substrate 10, and a second electrode layer 20
on a side of the plurality of thin film transistors TFT distal
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to the first base substrate 10. The second electrode layer 20
is formed to include a plurality of second electrode blocks
204, each of which being electrically connected to a drain
electrode D of one of the plurality of thin film transistors
TFT.

[0106] Referring to FIG. 8F, the array substrate 1 and the
counter substrate 2 are assembled together to form an
organic light emitting diode display panel. The array sub-
strate 1 and the counter substrate 2 are assembled together
in a way so that the plurality of first electrode blocks 1205
and the plurality of second electrode blocks 205 are sub-
stantially aligned. For example, the array substrate 1 and the
counter substrate 2 are assembled together so that each of the
plurality of first electrode blocks 1206 is electrically con-
nected to one of the plurality of second electrode blocks 205
in the array substrate 1, and in turn electrically connected to
the drain electrode D of one of the plurality of thin film
transistors TFT. In another example, the array substrate 1
and the counter substrate 2 are assembled together so that
each of the plurality of first electrode blocks 1205 is in direct
contact with (e.g., without any intervening layer or struc-
ture) one of the plurality of second electrode blocks 2056 in
the array substrate 1.

[0107] In another aspect, the present disclosure provides
an organic light emitting diode display apparatus having an
organic light emitting diode display panel described herein
or fabricated by a method described herein. Examples of
appropriate display apparatuses include, but are not limited
to, an electronic paper, a mobile phone, a tablet computer, a
television, a monitor, a notebook computer, a digital album,
a GPS, etc. In one example, the display apparatus is a smart
watch.

[0108] The foregoing description of the embodiments of
the invention has been presented for purposes of illustration
and description. It is not intended to be exhaustive or to limit
the invention to the precise form or to exemplary embodi-
ments disclosed. Accordingly, the foregoing description
should be regarded as illustrative rather than restrictive.
Obviously, many modifications and variations will be appar-
ent to practitioners skilled in this art. The embodiments are
chosen and described in order to explain the principles of the
invention and its best mode practical application, thereby to
enable persons skilled in the art to understand the invention
for various embodiments and with various modifications as
are suited to the particular use or implementation contem-
plated. It is intended that the scope of the invention be
defined by the claims appended hereto and their equivalents
in which all terms are meant in their broadest reasonable
sense unless otherwise indicated. Therefore, the term “the
invention”, “the present invention” or the like does not
necessarily limit the claim scope to a specific embodiment,
and the reference to exemplary embodiments of the inven-
tion does not imply a limitation on the invention, and no
such limitation is to be inferred. The invention is limited
only by the spirit and scope of the appended claims. More-
over, these claims may refer to use “first”, “second”, etc.
following with noun or element. Such terms should be
understood as a nomenclature and should not be construed
as giving the limitation on the number of the elements
modified by such nomenclature unless specific number has
been given. Any advantages and benefits described may not
apply to all embodiments of the invention. It should be
appreciated that variations may be made in the embodiments
described by persons skilled in the art without departing
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from the scope of the present invention as defined by the
following claims. Moreover, no element and component in
the present disclosure is intended to be dedicated to the
public regardless of whether the element or component is
explicitly recited in the following claims.

1. An organic light emitting diode display panel having a

plurality of subpixels, comprising:

an array substrate; and

a counter substrate facing the array substrate;

wherein the counter substrate comprises a plurality of
organic light emitting diodes; and

the array substrate comprises a first base substrate and a
plurality of thin film transistors on the first base sub-
strate for driving light emission of the plurality of
organic light emitting diodes in the counter substrate.

2. The organic light emitting diode display panel of claim

1, wherein the counter substrate has a subpixel region and an
inter-subpixel region;

wherein the counter substrate in the inter-subpixel region
comprises:

a second base substrate;

a spacer layer on the second base substrate configured to
maintain a spacing between the array substrate and the
counter substrate; and

a first electrode layer on a side of the spacer layer distal
to the second base substrate, and electrically connected
to the plurality of the thin film transistors in the array
substrate.

3. The organic light emitting diode display panel of claim

2, wherein the first electrode layer is a substantially trans-
parent electrode layer.

4. The organic light emitting diode display panel of claim

2, wherein the array substrate further comprises a second
electrode layer on a side of the plurality of the thin film
transistors distal to the first base substrate;

the second electrode layer comprises a plurality of second
electrode blocks, each of which being electrically con-
nected to a drain electrode of one of the plurality of thin
film transistors; and

the first electrode layer in the counter substrate comprises
a plurality of first electrode blocks, each of which being
electrically connected to one of the plurality of second
electrode blocks in the array substrate.

5. The organic light emitting diode display panel of claim

4, wherein the second electrode layer is a reflective electrode
layer, and the plurality of second electrode blocks are a
plurality of reflective electrode blocks.

6. The organic light emitting diode display panel of claim

4, wherein the counter substrate in the subpixel region
comprises:

a third electrode layer on the second base substrate; and

an organic light emitting layer on a side of the third
electrode layer distal to the second base substrate;
wherein the first electrode layer is on a side of the
organic light emitting layer distal to the third electrode
layer; and

each of the plurality of first electrode blocks in each of the
plurality of subpixels extends from the subpixel region
into the inter-subpixel region.

7. The organic light emitting diode display panel of claim

6, wherein an orthographic projection of each of the plurality
of second electrode blocks on the first base substrate sub-
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stantially covers an orthographic projection of the organic
light emitting layer in one of the plurality of subpixels on the
first base substrate.

8. The organic light emitting diode display panel of claim
6, wherein the spacer layer comprises a plurality of spacer
blocks; and

each of the plurality of first electrode blocks is on a side

of one of the plurality of spacer blocks distal to the
second base substrate in the inter-subpixel region.

9. The organic light emitting diode display panel of claim
8, wherein each of the plurality of subpixels comprises at
least one of the plurality of the spacer blocks.

10. The organic light emitting diode display panel of
claim 8, wherein the counter substrate in the inter-subpixel
region further comprises a fourth electrode layer;

the fourth electrode layer comprises a plurality of fourth

electrode blocks;

each of the plurality of fourth electrode blocks is on a side

of one of the plurality of spacer blocks proximal to the
second base substrate; and

each of the plurality of fourth electrode blocks is electri-

cally connected to the third electrode layer.

11. The organic light emitting diode display panel of
claim 10, wherein the fourth electrode layer comprises a
metallic material.

12. The organic light emitting diode display panel of
claim 10, wherein an orthographic projection of each of the
plurality of fourth electrode blocks on the second base
substrate substantially covers an orthographic projection of
one of the plurality of spacer blocks on the second base
substrate.

13. The organic light emitting diode display panel of
claim 10, wherein the fourth electrode layer is on a side of
the third electrode layer distal to the second base substrate.

14. The organic light emitting diode display panel of
claim 10, wherein the counter substrate in the inter-subpixel
region further comprises an insulating layer between the
spacer layer and the fourth electrode layer; and

the insulating layer comprises a plurality of insulating

blocks, each of which is on a side of one of the plurality
of fourth electrode blocks distal to the second base
substrate.

15. The organic light emitting diode display panel of
claim 14, comprising a recess defined by one of the plurality
of insulating blocks, one of the plurality of fourth electrode
blocks, and the third electrode layer; and

an orthographic projection of the one of the plurality of

insulating blocks on the second base substrate substan-
tially covers a combination of an orthographic projec-
tion of the recess on the second base substrate and an
orthographic projection of one of the plurality of fourth
electrode blocks adjacent to the recess on the second
base substrate.

16. The organic light emitting diode display panel of
claim 8, wherein the counter substrate in the inter-subpixel
region further comprises an organic light emitting layer
between the spacer layer and the first electrode layer; and

the organic light emitting layer in each of the plurality of

subpixels extends from the subpixel region into the
inter-subpixel region.

17. The organic light emitting diode display panel claim
2, wherein the counter substrate further comprises:

a black matrix on the second base substrate and in the

inter-subpixel region;
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a color filter on the second base substrate and in the

subpixel region; and

an overcoat layer on a side of the black matrix and the

color filter distal to the second base substrate.

18. The organic light emitting diode display panel of
claim 1, wherein the array substrate is absent of a pixel
definition layer.

19. An organic light emitting diode counter substrate
having a subpixel region and an inter-subpixel region;

wherein the organic light emitting diode counter substrate

in the inter-subpixel region comprises:

a second base substrate;

a black matrix on the second base substrate;

a spacer layer on a side of the black matrix distal to the

second base substrate; and

a first electrode layer on a side of the spacer layer distal

to the black matrix;

wherein the organic light emitting diode counter substrate

in the subpixel region comprises:

a third electrode layer on the second base substrate;

an organic light emitting layer on a side of the third

electrode layer distal to the second base substrate; and
the first electrode layer on a side of the organic light
emitting layer distal to the third electrode layer;
wherein the first electrode layer comprises a plurality of
first electrode blocks; and
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each of the plurality of first electrode blocks in each of a
plurality of subpixels extends from the subpixel region
into the inter-subpixel region.

20. (canceled)

21. (canceled)

22. (canceled)

23. (canceled)

24. (canceled)

25. (canceled)

26. A method of fabricating an organic light emitting
diode display panel having a subpixel region and an inter-
subpixel region, and a plurality of subpixels, comprising:

forming a counter substrate;

forming an array substrate; and

assembling the counter substrate and the array substrate
together;

wherein forming the counter substrate comprises forming
a plurality of organic light emitting diodes; and

forming the array substrate comprises forming a plurality
of thin film transistors on a first base substrate for
driving light emission of the plurality of organic light
emitting diodes in the counter substrate.

27-34. (canceled)



