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OLED DISPLAY DEVICE, MANUFACTURING
METHOD THEREOF, DISPLAY DEVICE AND
MASK FOR VAPORIZATION

TECHNICAL FIELD

[0001] At least one embodiment of the present invention
relates to an organic light-emitting diode (OLED) display
device, a manufacturing method thereof, a display device and
a mask for vaporization.

BACKGROUND

[0002] An organic light-emitting diode (OLED) display
device is a type of organic thin film electroluminescent
device, which has such advantages as easy formation of flex-
ible structures, wide visual angle, and the like. Therefore, the
display technology using organic light-emitting diodes has
become an important display technology.

[0003] AnOLED display device that can provide full color
display usually is realized by R (red), G (green) and B (blue)
sub-pixels illuminating independently, or by white OLEDs in
combination with color filters, or the like. The mode in which
R, G and B sub-pixels illuminate independently is used most
frequently. In this mode, organic luminescent materials in
sub-pixel units are used for the independent illumination.

SUMMARY

[0004] At least one embodiment of the present invention
provides an organic light-emitting diode (OLED) display
device and a manufacturing method thereof, a display device
and a vaporization mask that can reduce the difficulty of
manufacturing vaporization openings of a mask with the
same resolution being kept and can address the problem of
difficulty in increasing resolution while the minimum accu-
racy achievable by vaporization openings can be guaranteed.
[0005] Inoneaspect, atleast one embodiment of the present
invention provides an OLED display device comprising a
plurality of pixel units each comprising five sub-pixels com-
prising at least one red sub-pixel, at least one green sub-pixel
and at least one blue sub-pixel; four of the five sub-pixels are
distributed at four corners and have a same shape and size,
wherein one sub-pixel is surrounded by the four sub-pixels
and the four sub-pixels have different colors from the one
sub-pixel surrounded by the four sub-pixels; any one sub-
pixel at a corner of the pixel unit forms a regular pattern with
one sub-pixel at a corner in each of other three adjacent pixel
units, and in the regular pattern, all of the sub-pixels are of a
same color and each occupies ¥4 of the pattern; and the
sub-pixels each comprises an anode, a cathode and a light-
emitting layer of organic material.

[0006] In another aspect, at least one embodiment of the
present invention provides a method of manufacturing an
OLED display device comprising a plurality of pixel units,
which method comprises: on a substrate formed with anodes,
forming organic material light-emitting layers in regions of
four sub-pixels at four corners and one sub-pixel surrounded
by the four sub-pixels in each of the pixel units by vaporiza-
tion; forming cathodes on the substrate formed with the
organic material light-emitting layers; the four sub-pixels at
four corners of the pixel unit have a same shape and size; any
one sub-pixel at a corner of the pixel unit forms a regular
pattern with one sub-pixel at a corner in each of other three
adjacent pixel units, and in the regular pattern, all of the
sub-pixels are of a same color and each occupies % of the
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pattern; and the five sub-pixels of the pixel unit comprise at
least one red sub-pixel, at least one green sub-pixel and at
least one blue sub-pixel, and the four sub-pixels distributed at
four corners and the one sub-pixel surrounded by the four
sub-pixels are of different colors.

[0007] Inyetanotheraspect, atleast one embodiment of the
present invention provides a vaporization mask for an OLED
display device comprising a first mask body and first vapor-
ization openings provided on the first mask body, the first
vaporization openings are of a circle or a ellipse shape; the
first vaporization openings are arranged in rows and alterna-
tively; in a first direction that passes all centers of circles of
the first vaporization openings in any row, a distance between
any two adjacent first vaporization openings equals to two
times of a diameter of the two vaporization openings in the
first direction; and in a second direction that passes all centers
of circles of the first vaporization openings in any column, a
distance between any two adjacent first vaporization open-
ings equals to two times of a diameter of the two vaporization
openings in the second direction.

[0008] Inyetanotheraspect, atleast one embodiment of the
present invention provides a vaporization mask for an OLED
display device, comprising: a second mask body and second
vaporization openings provided on the second mask body;
parts on the mask body other than the second vaporization
openings comprise a plurality of blocking areas, each of
which is of a circle or ellipse shape, and the second vaporiza-
tion openings are parts that are separated by the blocking
areas; in either a row direction or a column direction, any two
adjacent ones of the blocking areas are tangent to each other;
and centers of circles of all of the blocking areas in any row or
column are in one straight line.

[0009] Inyetanotheraspect, at least one embodiment of the
present invention provides a display device comprising the
above-mentioned OLED display device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] In order to clearly illustrate the technical solutions
of the embodiments of the invention, the drawings of the
embodiments will be briefly described in the following; it is
obvious that the described drawings are only some embodi-
ments of the invention and thus are not limitative of the
invention.

[0011] FIG. 1is a schematic diagram of the arrangement of
sub-pixels of each pixel unit in an OLED display device;

[0012] FIG. 2 is a schematic diagram I of the arrangement
of sub-pixels of each pixel unit in an OLED display device
provided in an embodiment of the present invention;

[0013] FIG. 3 is a schematic diagram II of the arrangement
of sub-pixels of each pixel unit in an OLED display device
provided in an embodiment of the present invention;

[0014] FIG. 4is a schematic diagram II1 of the arrangement
of sub-pixels of each pixel unit in an OLED display device
provided in an embodiment of the present invention;

[0015] FIG. 5is a schematic diagram of'the arrangement of
sub-pixels of various colors in each pixel unit in an OLED
display device provided in an embodiment of the present
invention;

[0016] FIG. 6 is a structure diagram of an OLED display
device comprising thin film transistors provided in an
embodiment of the present invention;
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[0017] FIGS. 7-9 are schematic diagrams of the process of
manufacturing sub-pixels of various colors of an OLED dis-
play device provided in an embodiment of the present inven-
tion;

[0018] FIG. 10a is a structure diagram I of a mask for
vaporizing OLED display devices provided in an embodi-
ment of the present invention;

[0019] FIG. 104 is a structure diagram 11 of a mask for
vaporizing OLED display devices provided in an embodi-
ment of the present invention;

[0020] FIG. 11a is a structure diagram III of a mask for
vaporizing OLED display devices provided in an embodi-
ment of the present invention; and

[0021] FIG. 115 is a structure diagram IV of a mask for
vaporizing OLED display devices provided in an embodi-
ment of the present invention.

REFERENCE NUMERALS

[0022] 10—pixel unit; 101—sub-pixel; 101a—Airst sub-
pixel; 1015—second sub-pixel; 101c—third sub-pixel;
102—thin film transistor; 103—anode; 104—organic mate-
rial light-emitting layer; 105—cathode; 20—f{irst mask body;
201—first vaporization opening; 30—second mask body;
301—second vaporization opening; 302—blocking area.

DETAILED DESCRIPTION

[0023] In order to make objects, technical details and
advantages of the embodiments of the invention apparent, the
technical solutions of the embodiments will be described ina
clearly and fully understandable way in connection with the
drawings related to the embodiments of the invention. It is
obvious that the embodiments to be described are only some,
notall, of the embodiments of the present invention. Based on
the described embodiments of the present invention, all other
embodiments obtained by those of ordinary skill in the art
without any creative effort are within the protection scope of
the present invention.

[0024] The inventor of the present application has noted
that, as shown in FIG. 1, R, G and B sub-pixels of an OLED
display device are arranged side by side, and a fine metal
mask (FMM) technology is commonly used in fabrication, in
which the blocking areas of a mask are used to shield two
kinds of the R, G and B sub-pixels during the evaporation of
organic luminescent material of the rest one, and then the
mask or the substrate is moved by means of a high precision
aligning system to evaporate the organic luminescent mate-
rials of the two kinds of sub-pixels. The sizes of the R, G and
B luminescent areas depend on the evaporation openings
therefor. However, the evaporation openings are limited
physically by the FMM process (e.g., etching process) and
thus cannot be arbitrarily small, so that the resolution of the
display is limited.

[0025] At least one embodiment of the present invention
provides an OLED display device, which, as shown in FIGS.
2-4, comprises a plurality of pixel units 10 each comprising
five sub-pixels 101, and the five sub-pixels comprise at least
onered sub-pixel, at least one green sub-pixel, and at least one
blue sub-pixel. Four of the five sub-pixels 101 are distributed
at four corners and have the same shape. One sub-pixel 101 is
surrounded by the four sub-pixels 101 and has a different
color from those of the four sub-pixels 101. The sub-pixel 101
atany corner of a pixel unit 10 forms a regular pattern together
with respective surrounding sub-pixels 101 in three corners of
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corresponding pixel units 10. In the regular pattern, all the
mentioned sub-pixels 101 are of the same color and each
make up/occupy ¥4 of the pattern. The sub-pixels 101 each
comprise an anode, a cathode and an organic material light-
emitting layer, which are not shown in FIGS. 2-4.

[0026] Itis to be noted that, firstly, that the five sub-pixels
101 comprise at least one red sub-pixel, at least one green
sub-pixel and at least one blue sub-pixel; for example, the five
sub-pixels 101 comprise two red sub-pixels, two green sub-
pixels and one blue sub-pixel, or comprise two green sub-
pixels, two blue sub-pixels and one red sub-pixel, or comprise
two blue sub-pixels, two red sub-pixels and one green sub-
pixel, or comprise a white sub-pixel in addition to sub-pixels
of the above-mentioned three colors with two of them being
in a same color, or comprise two sub-pixels of two other
colors in addition to those of the above-mentioned three col-
ors. The arrangement depends on practical considerations and
not to be further discussed herein.

[0027] Secondly, among the five sub-pixels 101, one is
surrounded by the other four distributed at the four corners.
That is to say, any side of the one sub-pixel 101 is in contact
with one of the other four sub-pixels and each of the other four
sub-pixels 101 is in contact with one side of the one sub-pixel
101. Based on this configuration, the four sub-pixels 101 have
colors different from that ofthe one sub-pixel 101 surrounded
by them, i.e., regardless of the colors of the four sub-pixels
101 at the four corners, the one sub-pixel 101 that is sur-
rounded has a color that is different from any of the other four
sub-pixels 101. Based on this configuration, with respect to
the sub-pixel 101 at any corner of a pixel unit 10, because the
only three surrounding sub-pixels 101 are located in other
respective pixel units 10, the regular pattern formed by those
sub-pixels 101 is a closed pattern without any opening, such
as the circle filled with oblique lines in FIG. 2, the ellipse
filled with oblique lines in FIG. 3, and the diamond filled with
oblique lines in FIG. 4, etc.

[0028] Thirdly, any one of the sub-pixels 101 illuminates in
such a principle that: holes from the anode and electrons from
the cathode are both injected into the organic material light-
emitting layer, when an operating voltage is applied across
the anode and the cathode; the holes and the electrons meet
and recombine in the organic material light-emitting layet, so
that electron-hole pairs are formed and energy is released; the
energy is released in the form of light, which appears in
different colors due to the different luminescent molecules in
the light-emitting layer, and is emitted from both sides of the
organic material light-emitting layers. Therefore, the red sub-
pixels in embodiments of the present invention actually indi-
cate that color of the light emitted from their light-emitting
layer of organic material is red, and the same rule is applicable
to the green sub-pixels and the blue sub-pixels. That is to say,
the red sub-pixels, the green sub-pixels and the blue sub-
pixels are different in materials of their light-emitting layers
of organic material.

[0029] Fourthly, an OLED display device can be of a
single-side light-emitting type or a double-side light-emitting
type, depending on the materials of the anode and the cathode.
That is to say, the OLED display device is of a single-side
light-emitting type when one of its electrodes is of an opaque
material, or a double-side light-emitting type when both of its
electrodes are of transparent materials and/or translucent
materials. An OLED display device of the single-side light-
emitting type can be a top light-emitting one or a bottom
light-emitting one. For example, when the anode is disposed



US 2016/0276416 Al

close to the substrate and the cathode is disposed away from
the substrate, it can be referred to as a bottom light-emitting
one if the anode is of a transparent conducting material while
the cathode is of an opaque conducting material, leading to
the light emitted from the substrate side; or it can be referred
to as a top light-emitting one, if the anode is of an opaque
conducting material and the cathode is of a transparent or
translucent conducting material, leading to the light emitted
from the packaging layer side opposite to the substrate side.
[0030] Fifthly, accompanying drawings for all the embodi-
ments of the present invention schematically show pattern
layers relating to the inventive concept, and do not show or
show only parts of pattern layers not relating to the concept.
[0031] Embodiments of the present invention provide an
OLED display device, which comprises a plurality of pixel
units 10 each comprising five sub-pixels 101, and the five
sub-pixels comprise at least one red sub-pixel, at least one
green sub-pixel, and at least one blue sub-pixel. Four of the
five sub-pixels 101 are distributed at four corners and have the
same shape and size, one sub-pixels 101 is surrounded by the
four sub-pixels 101 and the four sub-pixels 101 have different
colors from the one sub-pixel 101 surrounded by the four
sub-pixels 101. Any one sub-pixel 101 at a corner of the pixel
unit 10 forms a regular pattern with one sub-pixel 101 at a
corner in each of other three adjacent pixel units 10, and in the
regular pattern, all of the sub-pixels 101 are of the same color
and each occupied Y4 of the pattern. The sub-pixel 101 each
comprises an anode, a cathode and an organic material light-
emitting layer.

[0032] Since any one sub-pixel 101 at a corner of the pixel
unit 10 forms a regular pattern with one sub-pixel 101 at a
corner in each of other three adjacent pixel units 10, and in the
regular pattern, all of the sub-pixels 101 are of the same color,
it is possible to vaporize the light-emitting layers of organic
material of all sub-pixels 101 in the regular pattern at the same
time with one and the same vaporization opening. In this way,
for sub-pixels 101 in all regular patterns with the same
organic material light-emitting layer, they may be vaporized
with one mask by allowing its vaporization openings to be in
one-to-one correspondence with these regular patterns.
Based on this, for vaporizing the organic material light-emit-
ting layer of the one sub-pixel 101 surrounded by the four
sub-pixels 101 at corners in any one pixel unit 10, it is only
required to have blocking areas of the mask corresponding to
the vaporization openings for all of the above-mentioned
regular patterns. In this process, it is possible to use a method
contrary to the one described above to form vaporization
openings without considering size of the one sub-pixel 101.
[0033] Based on the above, since it is possible to vaporize
light-emitting layers of organic material of four sub-pixels
101 in one regular pattern with one vaporization opening at
the same time, on the one hand, the difficulty of processing
vaporization openings is reduced while the same resolution as
the juxtaposed pixels shown in FIG. 1 is obtained, on the other
hand, it is possible to improve resolution while guaranteeing
the minimal accuracy achievable for vaporization openings.
[0034] In one embodiment, as shown in FIG. 5, in the four
sub-pixels 101 distributed at four corners of the pixel unit 10,
any two opposite sub-pixels 101 are of the same color. There-
fore, the five sub-pixels 101 in any one of the pixel units 10
may comprise two red sub-pixels, two green sub-pixels and
one blue sub-pixel; or comprise two green sub-pixels, two
blue sub-pixels and one red sub-pixel; or comprise two blue
sub-pixels, two red sub-pixels and one green sub-pixel. In this
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way, it is possible to form the light-emitting layers of organic
material of two sub-pixels 101 in any one pixel unit 10 by
vaporization with one mask at the same time, in which case,
the light-emitting layers of organic material of all sub-pixels
101 may be formed by at most three mask processes, namely
with at most three masks, which makes the manufacturing
process relatively simple and saves the number of masks.

[0035] Inatleast one embodiment, as shown in FIGS. 2 and
3, the regular pattern is a circle or an ellipse. In this way, it is
only required to shape the vaporization openings of mask as
circles or ellipses to vaporize in all circle or ellipse regions
having the same organic material light-emitting layer, thereby
in the sub-pixel of a color of each pixel unit 10 forming the
light-emitting layer of an organic material corresponding to
the color of the sub-pixel. In this process, because one vapor-
ization opening corresponds to four (4) sub-pixels 101, the
difficulty of manufacturing vaporization openings of mask is
reduced, that is, the vaporization openings may be manufac-
tured relatively large.

[0036] Alternatively, as shownin F1G. 4, the regular pattern
is a diamond. In this way, it is only required to shape the
vaporization openings of mask as diamonds to vaporize in all
diamond regions having the same organic material light-emit-
ting layer, thereby in a sub-pixel of a color of each pixel unit
10 forming the light-emitting layer of an organic material
corresponding to the color of the sub-pixel. In this process,
since one vaporization opening corresponds to four (4) sub-
pixels, the difficulty of manufacturing vaporization openings
of mask is reduced, that is, the vaporization openings may be
manufactured relatively large.

[0037] Base on the above, considering that passive matrix
type driving has its insufficient aspect in application to large
size displays, the OLED display device provided in at least
one embodiment of the present invention may be of an active
matrix type OLED display device, that is, as shown in FIG. 6,
each sub-pixel 101 of the OLED display device may further
comprise a thin film transistor 102, and the thin film transistor
102 has its drain electrically connected with the anode 103. In
FIG. 6, the organic material light-emitting layer 104 and the
cathode 105 are located in order over the anode 103.

[0038] The thin film transistor comprises a gate electrode, a
gate insulating layer, a semiconductor active layer, a source
electrode and a drain electrode. Based on this, the OLED
display device further comprises gate lines electrically con-
nected with the gate electrodes, gate line leads (not shown in
the figure) and son on, and comprises data lines electrically
connected with the source electrodes, data line leads (not
shown in the figure), and so on.

[0039] Itis tobe noted that the thin film transistor 102 may
be of top-gate type or bottom-gate type. Furthermore, con-
sidering that a bottom emitting OLED display device would
have a light-emitting area impacted by the thin film transis-
tors, in at least one embodiment of the present invention, the
OLED display device is of a top emitting type.

[0040] At least one embodiment of the present invention
further provides a method of manufacturing OLED display
device comprising a plurality of pixel units 10, comprising the
following steps S101 to S103. These steps will be described in
detail below.

[0041] Instep S101, an anode 103 is formed in a sub-pixel
101 region of each pixel unit 10 on the substrate.

[0042] In this step, each pixel unit 10 comprises five sub-
pixels 101, of which four are at corners and the other is
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surrounded by the four sub-pixels 101 at corners, and the four
sub-pixels 101 at the corners have the same shape and size.
[0043] The five sub-pixels comprise at least one red sub-
pixel, at least one green sub-pixel and at least one blue sub-
pixel, and the four sub-pixels distributed at four corners and
the one sub-pixel 101 surrounded by the four sub-pixels 101
are of different colors.

[0044] Further, any one sub-pixel 101 at a corner of the
pixel unit 10 forms a regular pattern with one sub-pixel 101 at
a corner in each of other three adjacent pixel units 10, and in
the regular pattern, all of the sub-pixels 101 are of the same
color and each occupied Y4 of the pattern.

[0045] Here, the substrate may be a base substrate, or may
be a substrate with a corresponding pattern layer such as thin
film transistors 102 formed on a base substrate.

[0046] In step S102, on the substrate formed with the
anodes 103, an organic material light-emitting layers 104 are
formed in regions of four sub-pixels 101 at four corners and
one sub-pixel 101 surrounded by the four sub-pixels 101 in
each of the pixel units 10 by vaporization.

[0047] Inthisstep, sincethe sub-pixel 101 at any one corner
of the pixel unit 10 forms a regular pattern with one sub-pixel
101 at a corner in each of other three adjacent pixel units 10,
and in the regular pattern, all of the sub-pixels 101 are of the
same colot, it is possible to vaporize the organic material
light-emitting layers 104 of all sub-pixels 101 in the regular
pattern with one and the same vaporization opening,.

[0048] It is to be noted that, according to the different
materials for organic material light-emitting layers of differ-
ent color sub-pixels at corners, only organic material light-
emitting layers of the same kind in sub-pixels 101 of all
regular patterns are vaporized at the same time.

[0049] Similarly, the one sub-pixel 101 surrounded by the
four sub-pixels 101 at corners needs to be vaporized with a
separate vaporization process.

[0050] In Step 103, cathodes 105 are formed on the sub-
strate formed with the organic material light-emitting layers
104.

[0051] An embodiment of the present invention provides a
method of manufacturing OLED display device comprising a
plurality of pixel units 10. The method comprises: on the
substrate formed with the anodes 103, forming an organic
material light-emitting layers 104 in regions of four sub-
pixels 101 at four corners and one sub-pixel 101 surrounded
by the four sub-pixels 101 in each of the pixel units 10 by
vaporization; Forming cathodes 105 on the substrate formed
with the organic material light-emitting layers 104; the four
sub-pixels 101 at four corners of the pixel unit 10 have the
same shape and size; any one sub-pixel 101 at a corner of the
pixel unit 10 forms a regular pattern with one sub-pixel 101 at
a corner in each of other three adjacent pixel units 10, and in
the regular pattern, all of the sub-pixels 101 are of the same
color and each occupied ¥4 of the pattern; the five sub-pixels
101 of the pixel unit 10 comprise at least one red sub-pixel, at
least one green sub-pixel and at least one blue sub-pixel, and
the four sub-pixels distributed at four corners and the one
sub-pixel 101 surrounded by the four sub-pixels 101 are of
different colors.

[0052] Since any one sub-pixel 101 at a corner of the pixel
unit 10 forms a regular pattern with one sub-pixel 101 at a
corner in each of other three adjacent pixel units 10, and in the
regular pattern, all of the sub-pixels 101 are of the same color,
it is possible to vaporize the light-emitting layers of organic
material of all sub-pixels 101 in the regular pattern at the same

Sep. 22,2016

time with one and the same vaporization opening. Based on
this, for sub-pixels 101 in all regular patterns with the same
organic material light-emitting layer 104, they may be vapor-
ized with one mask by allowing its vaporization openings to
be in one-to-one correspondence with these regular patterns.
Based on this, for vaporizing the organic material light-emit-
ting layer 104 of the one sub-pixel 101 surrounded by the four
sub-pixels 101 at corners in any one pixel unit 10, it is only
required to have blocking areas of the mask correspond to the
vaporization openings for all of the above-mentioned regular
patterns. Inthis process, itis possible to use a method contrary
to the one described above to form vaporization openings
without considering size of the one sub-pixel 101.

[0053] Based on the above, since it is possible to vaporize
organic material light-emitting layers 104 of four sub-pixels
101 in one regular pattern with one vaporization opening at
the same time, on the one hand, the difficulty of processing
vaporization openings is reduced while the same resolution as
the juxtaposed pixels shown in FIG. 1 is obtained, and on the
other hand, it is possible to improve resolution while guaran-
teeing the minimal accuracy achievable for vaporization
openings.

[0054] In one embodiment, in the four sub-pixels 101 at
four corners of the pixel unit 10, any two opposite sub-pixels
101 have organic material light-emitting layers 104 of the
same material. Therefore, the five sub-pixels in any one of the
pixel units 10 may comprise two red sub-pixels, two green
sub-pixels and one blue sub-pixel; or comprise two green
sub-pixels, two blue sub-pixels and one red sub-pixel; or
comprise two blue sub-pixels, two red sub-pixels and one
green sub-pixel. In this way, it is possible to form the organic
material light-emitting layers 104 of two sub-pixels 101 in
any one pixel unit 10 by vaporization with one mask at the
same time, in which case, the organic material light-emitting
layers 104 of all sub-pixels 101 may be formed by at most
three mask processes, namely with at most three masks,
which makes the manufacturing process relatively simple and
saves the number of mask.

[0055] Based on this, for example, S102 may be imple-
mented in the way of steps S201 to S203 in the following,
which will be described in detail here.

[0056] InS201,asshowninFIG. 7, onthe substrate formed
with the anodes 103, it is possible to align the first vaporiza-
tion opening of the first mask with the first sub-pixel 101a at
any corner of the pixel unit 10 and each of sub-pixels 101 in
the other three corners of the pixel unit 10 surrounding the
first sub-pixel 101a to vaporize the first organic material
light-emitting layer.

[0057] The first sub-pixel 101a is the sub-pixel 101 at an
opposite corner of the pixel unit 10. Here, the first sub-pixel
101a may be for example a red sub-pixel.

[0058] In step S202, as shown in FIG. 8, the first mask is
moved to align the first vaporization opening with the second
sub-pixel 1015 in any one corner of the pixel unit 10 and each
of sub-pixels 101 in the other three corners of the pixel unit 10
surrounding the second sub-pixel 1015 to vaporize the second
organic material light-emitting layer.

[0059] The second sub-pixel 1015 is the sub-pixel 101
other than the first sub-pixel 101q in the pixel unit 10 that is at
an opposite corner. Here, the second sub-pixel 1015 may be
for example a green sub-pixel.

[0060] In step S203, as shown in FIG. 9, it is possible to
align the second vaporization opening of the second mask
with a third sub-pixel 101¢ surrounded by the first sub-pixel
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101a and the second sub-pixel 1015 in any of the pixel units
10 to vaporize the third organic material light-emitting layer.
Here, the third sub-pixel 101¢ may be for example a blue
sub-pixel.

[0061] It is to be noted that the order of the above-men-
tioned three steps is not limited. Further, the above-men-
tioned embodiments are described with respect to only an
example in which the first, second and third sub-pixels are
red, green and blue sub-pixels respectively. However,
embodiments of the present invention are not limited thereto.
In at least one embodiment, the first sub-pixel, second sub-
pixel and third sub-pixel may be red, green and blue sub-
pixels with respect to each other, thatis, colors of first, second
and third sub-pixel may be any combination of red, green and
blue, for example, red-blue-green, green-red-blue, blue-red-
green etc.

[0062] In at least one embodiment, the first vaporization
opening is of a circle or ellipse shape. Alternatively, the first
vaporization opening is of a diamond shape.

[0063] Base on the above, considering that passive matrix
driving has its insufficient aspect in application to large size
displays, the OLED display device provided in at least one
embodiment of the present invention may be an active matrix
type OLED display device, that is, as shown in FIG. 6, the
method may further comprise forming a thin film transistor
102 in each sub-pixel 101, and the thin film transistor 102 has
its drain electrode electrically connected with the anode 103.
In FIG. 6, the organic material light-emitting layer 104 and
the cathode 105 are located in order over the anode 103.

[0064] At least one embodiment of the present invention
further provides a vaporization mask for OLED display
device, with which it is possible to vaporize the first organic
material light-emitting layer located in for example the
above-mentioned first sub-pixel 101a area, and of course it is
possible to vaporize the second organic material light-emit-
ting layer located in for example the above-mentioned second
sub-pixel 1015 area.

[0065] As shown in FIG. 10a or FIG. 105, the mask com-
prises a first mask body 20 and first vaporization openings
201 provided on the first mask body 20, which are of a circle
or ellipse shape.

[0066] Forexample, the first vaporization openings 201 are
arranged in rows and separated. In a first direction that passes
all the centers of the circles of the first vaporization openings
201 1in any row, the distance .1 between any two adjacent first
vaporization openings 201 equals to two times of the diameter
of the two vaporization openings 201 in the first direction. In
a second direction that passes all the centers of the circles of
the first vaporization openings 201 in any column, the dis-
tance [.2 between any two adjacent first vaporization open-
ings 201 equals to two times of the diameter of the two
vaporization openings 201 in the second direction.

[0067] In this way, it is possible to vaporize corresponding
organic material light-emitting layers by simply using the
mask and having its first vaporization openings 201 to be
aligned, in one-to-one correspondence, with regular patterns,
each of which is formed by any one of the sub-pixels 101 at
corners of a pixel unit 10 and three surrounding sub-pixels
101 in the corners of other three adjacent pixel units 10.

[0068] With the mask provided in the embodiment of the
present invention, on the one hand, it reduces the difficulty of
processing vaporization openings while the same resolution
as the juxtaposed pixels shownin FIG. 1 can be obtained, and
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on the other hand, it may increase resolution while the mini-
mum accuracy achievable by vaporization openings can be
guaranteed.

[0069] At least one embodiment of the present invention
further provides another vaporization mask of OLED display
device, with which it is possible to vaporize the third organic
material light-emitting layer located over, e.g., the above-
mentioned third sub-pixels 101c areas.

[0070] As shown in FIGS. 11a and 115, the mask com-
prises: a second mask body 30 and second vaporization open-
ings 301 provided on the second mask body 30. Parts on the
mask body 30 other than the second vaporization openings
301 comprise a plurality of blocking areas 302, each of which
is of a circle or ellipse shape, and the second vaporization
openings 301 are parts that are separated by the blocking
areas 302.

[0071] Ineither a row direction or a column direction, any
two adjacent ones of the blocking areas 302 are tangent to
each other. The centers of circles of all of the blocking areas
302 in any row or column are in one straight line.

[0072] In this way, it is possible to vaporize the organic
material light-emitting layer of the one sub-pixel 101 sur-
rounded by the four sub-pixels 101 at corners in any one pixel
unit 10 by simply using the mask and having its blocking
areas 302 to be aligned, in one-to-one correspondence, with
regular patterns, each of which is formed by any one of the
sub-pixels 101 at a corner of a pixel unit 10 and three sur-
rounding sub-pixels 101 in the corners of the three adjacent
pixel units 10.

[0073] It is to be noted that in contrast to the above-men-
tioned first vaporization openings 201 of a circle or ellipse
shape, in the embodiment of the present invention, the block-
ing areas 302 may be formed into a circle or ellipse shape by
simply applying a method contrary to the above-mentioned
one, thereby forming second vaporization openings 301 sepa-
rated by circles or ellipses.

[0074] With the mask provided in the embodiment of the
present invention, on the one hand, it reduces the difficulty of
processing vaporization openings while the same resolution
as the juxtaposed pixels shown in FIG. 1 is obtained, and on
the other hand, it may increase resolution while the minimum
accuracy achievable by vaporization openings can be guar-
anteed.

[0075] At least one embodiment of the present invention
further provides a display device comprising the OLED dis-
play device provided in any one of the above-mentioned
embodiments. The display device may be any product or
component with display function such as electronic paper, an
OLED panel, a cell phone, a slab computer, a TV set, a
display, a notebook computer, a digital picture frame or a
navigator.

[0076] What have been described above are only specific
implementations of the present invention. However, the scope
of the present invention is not limited thereto. Variations or
substitutions that easily occur to those skilled in the art within
the technical scope disclosed in the present invention should
be encompassed in the scope of the present invention. There-
fore, the scope of the present invention should accord with the
scope of the claims.

[0077] The present application claims priority of China
Patent application No. 201410324701.0 filed on Jul. 9, 2014,
the content of which is incorporated in its entirety as part of
the present application by reference herein.
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1. An organic light-emitting diode (OLED) display device
comptising a plurality of pixel units, wherein,

each of the pixel units comprises five sub-pixels compris-

ing at least one red sub-pixel, at least one green sub-pixel
and at least one blue sub-pixel;

four of the five sub-pixels are distributed at four corners

and have a same shape and size, one sub-pixel is sur-
rounded by the four sub-pixels, and the four sub-pixels
have different colors from the one sub-pixel surrounded
by the four sub-pixels;

any one sub-pixel at a corner of the pixel unit forms a

regular pattern with one sub-pixel at a corner in each of
other three adjacent pixel units, and in the regular pat-
tern, all of the sub-pixels are of a same color and each
occupies Y4 of the pattern; and

the sub-pixels each comprise an anode, a cathode and a

light-emitting layer of organic material.
2. The OLED display device according to claim 1, wherein
in the four sub-pixels distributed at four corners of each pixel
unit, any two opposite sub-pixels are of a same color.
3. The OLED display device according to claim 1, wherein
the regular pattern is a circle shape or an ellipse shape.
4. The OLED display device according to claim 1, wherein
the regular pattern is of a diamond shape.
5. The OLED display device according to claim 1, wherein
the sub-pixels further comprise thin film transistors and the
thin film transistors have drain electrodes electrically con-
nected with the anodes.
6. A method for manufacturing an organic light-emitting
diode (OLED) display device, wherein the OLED display
device comprises a plurality of pixel units, the method com-
prising:
on a substrate formed with anodes, forming organic mate-
rial light-emitting layers in regions of four sub-pixels at
four corners and one sub-pixel surrounded by the four
sub-pixels in each of the pixel units by vaporization; and

forming cathodes on the substrate formed with the organic
material light-emitting layers;

wherein the four sub-pixels at four corners of the pixel unit

have a same shape and size;

any one sub-pixel at a corner of each pixel unit forms a

regular pattern with one sub-pixel at a corner in each of
other three adjacent pixel units, and in the regular pat-
tern, all of the sub-pixels are of a same color and each
occupies Y4 of the pattern; and

the five sub-pixels of the pixel unit comprise at least one red

sub-pixel, at least one green sub-pixel and at least one
blue sub-pixel, and the four sub-pixels distributed at four
corners and the one sub-pixel surrounded by the four
sub-pixels are of different colors.

7. The method according to claim 6, wherein in the four
sub-pixels at four corners of the pixel unit, the organic mate-
rial light-emitting layers of any two opposite sub-pixels are of
a same material.

8. The method according to claim 7, wherein a first organic
material light-emitting layer is vaporized by aligning a first
vaporization opening of a first mask with a first sub-pixel at
any corner of the pixel unit and other three sub-pixels sur-
rounding the first sub-pixel of the pixel unit at corners;
wherein the first sub-pixel is a sub-pixel at an opposite corner
in the pixel unit;
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a first organic material light-emitting layer is vaporized by
moving the first mask to align the first vaporization
opening of the first mask with a second sub-pixel at any
corner of the pixel unit and other three sub-pixels sur-
rounding the second sub-pixel of the pixel unit at cor-
ners; wherein the second sub-pixel is a sub-pixel other
than the first sub-pixel at an opposite corner in the pixel
unit; and

athird organic material light-emitting layer is vaporized by
aligning a second vaporization opening of a second
mask with a third sub-pixel surrounded by the first sub-
pixel and the second sub-pixel in the pixel unit.

9. The method according to claim 8, wherein the first
sub-pixel, the second sub-pixel and the third sub-pixel are a
red sub-pixel, a green sub-pixel and a blue sub-pixel respec-
tively.

10. The method according to claim 8, wherein the first
vaporization opening is of a circle or ellipse shape.

11. The method according to claim 8, wherein the first
vaporization openings is of a diamond shape.

12. The method according to claim 6, further comprising:
forming a thin film transistor in each of the sub-pixels which
has a drain electrode electrically connected with the anode.

13. A vaporization mask for an OLED display device,
comprising a first mask body and first vaporization openings
provided on the first mask body, wherein the first vaporization
openings are of a circle or a ellipse shape;

the first vaporization openings are arranged in rows and
separated,

in a first direction that passes all centers of circles of the
first vaporization openings in any row, a distance
between any two adjacent first vaporization openings
equals to two times of a diameter of the two vaporization
openings in the first direction; and

in a second direction that passes all centers of circles of the
first vaporization openings in any column, a distance
between any two adjacent first vaporization openings
equals to two times of a diameter of the two vaporization
openings in the second direction.

14. A vaporization mask for an OLED display device,
comprising a second mask body and second vaporization
openings provided on the second mask body, wherein parts on
the mask body other than the second vaporization openings
comprise a plurality of blocking areas, each of which is of a
circle or ellipse shape, and the second vaporization openings
are parts that are separated by the blocking areas;

in either row or column direction, any two adjacent ones of
the blocking areas are tangent to each other; and

centers of circles of all of the blocking areas in any row or
column are in one straight line.

15. A display device comprising the OLED display device

of claim 1.

16. The OLED display device according to claim 2,
wherein the regular pattern is a circle shape or an ellipse
shape.

17. The OLED display device according to claim 2,
wherein the regular pattern is of a diamond shape.

18. The method according to claim 9, wherein the first
vaporization opening is of a circle or ellipse shape.

19. The method according to claim 9, wherein the first
vaporization openings is of a diamond shape.
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