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(57) ABSTRACT

An Organic Light Emitting Diode (OLED) display device and
a manufacturing method thereof, the OLED display device
including: a substrate; a pixel definition layer located on the
substrate, wherein a plurality of pixel units arranged together
are defined in the pixel definition layer, at least one of the
pixel units comprises at least one first sub pixel, at least one
second sub pixel and at least one third sub pixel, and the third
sub pixel comprises at least two third secondary sub pixels; a
first organic light emitting layer arranged in each of the at
least one first sub pixel, a second organic light emitting layer
arranged in each of the at least one second sub pixel, and third
organic light emitting layers arranged in the at least two third
secondary sub pixels of the at least one third sub pixel.
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Forming a region limitation layer on a substrate; patterning the
region limitation layer by using a first mask to form a pixel S1
definition layer, where a plurality of pixel units arranged together
are defined in the pixel definition layer, wherein the pixel unit
includes at least one first sub pixel, at least one second sub
pixel and at least one third sub pixel, and each of the third sub
pixels includes at least two third secondary sub pixels
___ I A Y
Forming a first organic light emitting layer in the at least one first
sub pixel by means of vapor deposition by using a second
mask, wherein the first organic light emitting layer includes a
first organic light emitting material for emitting light in a first
primacy color

L]

Forming a second organic light emitting layer in the at least one S3
second sub pixel by means of vapor deposition by using a third
mask, where the second organic light emitting layer includes a
second organic light emitting material for emitting light in a
second primacy color

N

N

N

Forming third organic light emitting layers in the at least two
third secondary sub pixels of the at least one third sub pixel by S4
means of vapor deposition by using a fourth mask, where the
third organic light emitting layer includes a third organic light
emitting material for emitting light in a third primary color that
has the strongest luminous characteristic, and where the third
organic light emitting layers arranged in the at least two third
secondary sub pixels are formed in a same process step

FIG.10
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ORGANIC LIGHT EMITTING DIODE
DISPLAY DEVICE AND MANUFACTURING
METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to Chinese Applica-
tion No. 201510084603.9, filed Feb. 16,2015, which is herein
incorporated by reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to the field of display
technologies, in particular to an Organic Light Emitting
Diode (OLED) display device and a manufacturing method
thereof.

BACKGROUND

[0003] An OLED is a semiconductor device which can
convert electrical energy into light energy, and is widely used
in the next generation of display panels due to its advantages
such as lightness, thinness, high contrast ratio, quick response
and wide visual angle. Depending on its driving manner, the
OLED can be an Active-Matrix Organic Light Emitting
Diode (AMOLED) or a Passive-Matrix Organic Light Emit-
ting Diode (PMOLED).

[0004] An AMOLED display device includes a plurality of
pixel units arranged in a matrix, and each of the plurality of
pixel units includes a red sub pixel R, a blue sub pixel B and
a green sub pixel G. The red sub pixel R, the blue sub pixel B
and the green sub pixel G are made of different organic light
emitting materials and hence have different light emitting
properties. In particular, the green sub pixel G has the stron-
gest luminance among the red, green and blue sub pixels R, G
and B, and hence imposes the most intensive stimulation to
user’s eyes, which directly influences the judgment made by
the user’s eyes on a spatial position of an image displayed in
the display panel of the display device, thus resulting in a
phenomenon of non-uniformity of a gravity center of a dis-
played image.

[0005] FIG.1aisastructural view showing pixel units in an
organic light emitting diode display device in the related art.
Referring to Figure la, given that areas of the red sub pixel R,
the blue sub pixel B and the green sub pixel G in each pixel
unit are the same to each other and the green sub pixel G has
higher luminance than the red sub pixel R and the blue sub
pixel B, the non-uniformity of the gravity center of a dis-
played image is caused when an image is displayed by the
AMOLED display panel. To alleviate the non-uniformity of
the gravity center of a displayed image, two green sub pixels
G are provided in one pixel unit in the related art (referring to
FIG. 1B). However, during manufacturing the AMOLED dis-
play panel, an alignment system with high accuracy and a
Fine Metal Mask (FMM) are required to perform vapor depo-
sition onthe red sub pixel R, the blue sub pixel B and the green
sub pixel G, respectively, and an offset likely happens during
the vapor deposition because of the limited accuracy of the
FMM, so that the organic light emitting materials are over-
lapped with one another to cause color mixing in the
AMOLED display panel, thus decreasing the yield of the
AMOLED display panel.
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SUMMARY

[0006] The object of the present disclosure provides an
organic light emitting diode display device and a manufac-
turing method thereof such that the gravity center of the
displayed image in the organic light emitting diode display
device can be balanced and the color mixing in the organic
light emitting diode display panel can be avoided, thereby
increasing the yield of the organic light emitting diode display
device.

[0007] Inafirst example of the disclosure, embodiments of
the disclosure provide an organic light emitting diode display
device, including:

[0008] a substrate;

[0009] whereaplurality of pixel units arranged together are
defined in the pixel definition layer, the pixel unit includes at
least one first sub pixel, at least one second sub pixel and at
least one third sub pixel, and the third sub pixel includes at
least two third secondary sub pixels;

[0010] a first organic light emitting layer arranged in each
of the at least one first sub pixel, where the first organic light
emitting layer includes a first organic light emitting material
for emitting light in a first primary color;

[0011] a second organic light emitting layer arranged in
each of the at least one second sub pixel, where the second
organic light emitting layer includes a second organic light
emitting material for emitting light in a second primary color;
and

[0012] third organic light emitting layers arranged in the at
least two third secondary sub pixels of the at least one third
sub pixel, where the third organic light emitting layers include
a third organic light emitting material for emitting light in a
third primary color that has the strongest luminous character-
istic;

[0013] where the third organic light emitting layers
arranged in the at least two third secondary sub pixels are
connected with each other.

[0014] Inasecondexample ofthe disclosure, embodiments
of the disclosure provide a manufacturing method of an
organic light emitting diode display device, including:
[0015] forming a region limitation layer on a substrate;
patterning the region limitation layer by using a first mask to
form a pixel definition layer, where a plurality of pixel units
arranged together are defined in the pixel definition layer,
wherein the pixel unit includes at least one first sub pixel, at
least one second sub pixel and at least one third sub pixel, and
each of the third sub pixels includes at least two third second-
ary sub pixels;

[0016] forming a first organic light emitting layer in the at
least one first sub pixel by means of vapor deposition by using
a second mask, wherein the first organic light emitting layer
includes a first organic light emitting material for emitting
light in a first primacy color;

[0017] forming a second organic light emitting layer in the
at least one second sub pixel by means of vapor deposition by
using a third mask, where the second organic light emitting
layer includes a second organic light emitting material for
emitting light in a second primacy color; and

[0018] forming third organic light emitting layers in the at
least two third secondary sub pixels of the at least one third
sub pixel by means of vapor deposition by using a fourth
mask, where the third organic light emitting layers include a
third organic light emitting material for emitting light in a
third primary color that has the strongest luminous character-
istic, and where the third organic light emitting layers
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arranged in the at least two third secondary sub pixels are
formed in a same process step;

[0019] at least two openings of the first mask which are
used to form the at least two third secondary sub pixels in the
at least one third sub pixel correspond to an opening of the
fourth mask which is used to form the third organic light
emitting layers.

[0020] In the organic light emitting diode display device
and the manufacturing method thereof] a plurality of pixel
units arranged together are defined in a pixel definition layer,
the pixel unit includes at least one first sub pixel, at least one
second sub pixel and at least one third sub pixel, where a first
organic light emitting layer is arranged in each of the at least
one first sub pixel, a second organic light emitting layer is
arranged in each of the at least one second sub pixel, and third
organic light emitting layers are arranged in at least two third
secondary sub pixels of the at least one third sub pixel and
have strongest luminous characteristic, where the third
organic light emitting layers arranged in the at least two third
secondary sub pixels are connected with each other such that
the gravity center of the displayed image in the organic light
emitting diode display device can be balanced and the color
mixing in the organic light emitting diode display panel can
be avoided, thereby increasing the yield of the organic light
emitting diode display device.

[0021] While multiple embodiments are disclosed, still
other embodiments of the disclosure will become apparent to
those skilled in the art from the following detailed descrip-
tion, which shows and describes illustrative embodiments of
the disclosure. Accordingly, the drawings and detailed
description are to be regarded as illustrative in nature and not
restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1A and FIG. 1B are top views showing the
structure of pixel units in an organic light emitting diode
display device in the related art;

[0023] FIG. 2 is a top view showing the structure of an
organic light emitting diode display device according to
embodiments of the disclosure;

[0024] FIG. 3A and FIG. 3B are sectional views showing
the structure of an organic light emitting diode display device
according to embodiments of the disclosure;

[0025] FIG. 4 is a schematic view of a mask for forming a
pixel definition layer in embodiments of the disclosure;
[0026] FIG. 5A is a schematic view of a first mask for
forming a red organic light emitting layer in embodiments of
the disclosure;

[0027] FIG. 5B is a schematic view of a second mask for
forming a blue organic light emitting layer in embodiments of
the disclosure;

[0028] FIG. 5C is a schematic view of a third mask for
forming a green organic light emitting layer in embodiments
of the disclosure;

[0029] FIG. 6A and FIG. 6B are sectional views showing
the structure of an organic light emitting diode display device
according to embodiments of the disclosure;

[0030] FIG. 7A and FIG. 7B are top views showing the
structure of pixel units of an organic light emitting diode
display device according to embodiments of the disclosure;
[0031] FIG. 8 is a top view showing another structure of
pixel units of an organic light emitting diode display device
according to embodiments of the disclosure;
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[0032] FIG. 9 is a top view showing the structure of an
organic light emitting diode display device according to
embodiments of the disclosure; and

[0033] FIG. 10 is aflow chart of a manufacturing method of
an organic light emitting diode display device according to
embodiments of the disclosure.

[0034] While the disclosure is amenable to various modi-
fications and alternative forms, specific embodiments have
been shown by way of example in the drawings and are
described in detail below. The intention, however, is not to
limit the disclosure to the particular embodiments described.
On the contrary, the disclosure is intended to cover all modi-
fications, equivalents, and alternatives falling within the
scope of the disclosure as defined by the appended claims.

DETAILED DESCRIPTION

[0035] The disclosure will be further illustrated below in
conjunction with specific embodiments and the accompany-
ing drawings. It may be understood that embodiments
described herein are for explaining the disclosure rather than
limiting the disclosure. In addition, it should be appreciated
that partial content associated with the disclosure rather than
all content is illustrated in the accompanying drawings for
ease of description.

[0036] Embodiments of the disclosure provide an organic
light emitting diode display device. Referring to FIGS. 2, 3A
and 3B, FIG. 2 is a top view showing the structure of an
organic light emitting diode display device according to
embodiments of the disclosure, and FIG. 3A and FIG. 3B are
sectional views showing the structures of an organic light
emitting diode display device according to embodiments of
the disclosure.

[0037] The organic light emitting diode display device
includes: a substrate 11; a pixel definition layer 12 located on
the substrate 11, where a plurality of pixel units arranged
together are defined in the pixel definition layer 12, each of
the pixel units includes at least one first sub pixel a, at least
one second sub pixel b and at least one third sub pixel, and
each of the third sub pixels includes at least two third second-
ary sub pixels; a first organic light emitting layer arranged in
each of the at least one first sub pixel a, where in some
embodiments, the first organic light emitting layer is a red
organic light emitting layer 131 and includes a first organic
light emitting material for emitting light in a first primary
color; and a second organic light emitting layer arranged in
each of the at least one second sub pixel b, where in some
embodiments, the second organic light emitting layer is a blue
organic light emitting layer 132 and includes a second organic
light emitting material for emitting light in a second primary
color. Each of the third sub pixels includes at least two third
secondary sub pixels connected with each other. In some
embodiments, two third secondary sub pixels ¢ and d are
included in the third secondary sub pixel, and third organic
light emitting layers are arranged in the third secondary sub
pixels ¢ and d, respectively. The third organic light emitting
layer is a green organic light emitting layer 133 and includes
a third organic light emitting material for emitting light in a
third primary color that has the strongest luminous character-
istic. The green organic light emitting layers 133 arranged in
the third secondary sub pixels ¢ and d are connected with each
other.

[0038] The substrate 11 may be made of glass or flexible
plastic, and the pixel definition layer 12 may be made of an
inorganic insulation material such as silicon oxide or silicon
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nitride, or alternatively may be made of an organic insulation
material such as Benzocyclobutene (BCB) or acrylic resin.

[0039] As shown in FIGS. 2, 3A and 3B, each of the pixel
units includes one first sub pixel a, one second sub pixel b and
one third sub pixel with the strongest luminous characteristic,
where the third sub pixel includes a third secondary sub pixel
¢ and a third secondary sub pixel d. It should be understood
for those skilled in the art that the pixel unit described herein
is used to explain the disclosure, but not intended to limit the
disclosure. In an actual application, a plurality of third sec-
ondary sub pixels with the strongest luminous characteristic
may be arranged in the third sub pixel ofthe pixel unitaccord-
ing to actual requirements.

[0040] As shown in FIGS. 2, 3A and 3B, the first sub pixel
a is embodied as a red sub pixel, the second sub pixel b is
embodied as a blue sub pixel, and the third sub pixel is
embodied as a green sub pixel, which is an example of the
configuration of the first sub pixel a, the second sub pixel b
and the third sub pixel. In other examples, it is also possible
that the first sub pixel a is embodied as a blue sub pixel, the
second sub pixel bis embodied as a red sub pixel and the third
sub pixel is embodied as a green sub pixel, which is not
limited thereto. In addition, for ease of description, the
description below is made with the configuration that the first
sub pixel ais embodied as a red sub pixel, the second sub pixel
b is embodied as a blue pixel and the third sub pixel is
embodied as a green sub pixel.

[0041] The organic light emitting diode display device
includes a plurality of pixel units, and each of the plurality of
pixel units includes a plurality of sub pixels, each of which
has a rectangle shape. As shown in FIG. 2, ared sub pixel ahas
arectangle shape with a length W1 and awidth L1, a blue sub
pixel b has a rectangle shape with alength W2 and a width .2,
and a green sub pixel (including a green secondary sub pixel
c and a green secondary sub pixel d) has a rectangle shape
with a length W3 and a width L3. Each of the sub pixels
includes an active region E and an inactive region outside of
the active region E. Specifically, the active region E is aregion
provided with an organic light emitting layer, and the inactive
region is a region of the pixel definition layer 12 that sur-
rounds the active region E, where a red organic light emitting
layer 131, a blue organic light emitting layer 132 and a green
organic light emitting layer 133 all are formed in the active
regions E. A vapor deposition mask process is employed in a
manufacturing process for the pixel unit, i.e. the pixel unit is
shielded by vapor deposition masks to form the red sub pixel
a, the blue sub pixel b, and the green secondary sub pixels c
and d. The inactive region between the active region E of the
red sub pixel a and the active region E of the blue sub pixel b
has a first span A. The inactive region between the active
region E of the green sub pixel (including the green secondary
sub pixels ¢ and d) and the active region E of the red sub pixel
a has a second space B, and the inactive region between the
active region E of the green sub pixel and the active region E
of the blue sub pixel b likewise has the second span B. The
sizes of the first span A and the second span B depend on the
precision of the fine metal masks. The active region E of the
red sub pixel a has a length K1 and a width R1, the active
region E of the blue sub pixel b has a length K2 and a width
R2, the active region E of the red sub pixel a is spaced apart
from the active region E of the blue sub pixel b by the first
span A, the active region E of the green secondary sub pixel ¢
is spaced apart from the active region E of the red sub pixel a
by the second span B, and the active region E of the green
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secondary sub pixel d is spaced apart from the active region E
of the blue sub pixel b by the second span B. The red organic
light emitting layer 131, the blue organic light emitting layer
132 and the green organic light emitting layer 133 are formed
by organic light emitting materials deposited by means of
vapor deposition through the fine metal masks. It is noted that
the active region of the green sub pixel includes two active
regions, i.e. the active region E of the green secondary sub
pixel ¢ and the active region E of the green secondary sub
pixel d, where the active region E of the green secondary sub
pixel ¢ has a length K3 and a width R3, the active region E of
the green secondary sub pixel d has a length K4 and also the
width R3, and the two active regions of the green secondary
sub pixels ¢ and d are spaced apart from each other by a third
span X which is the span of the inactive region between the
green secondary sub pixel ¢ and the green secondary sub pixel
d. The size of the third span X depends on the distance
between openings of a first mask used for the pixel definition
layer 12. Preferably, the third span X is less than the first span
A or the second span B.

[0042] Inthe disclosure, the red organic light emitting layer
131 in the red sub pixel a and the blue organic light emitting
layer 132 in the blue sub pixel b are formed prior to forming
the green organic light emitting layers 133 in the green sec-
ondary sub pixels ¢ and d, or alternatively the green organic
light emitting layers 133 in the green secondary sub pixels ¢
and d are formed prior to forming the red organic light emit-
ting layer 131 in the red sub pixel a and the blue organic light
emitting layer 132 in the blue sub pixel b, which is not limited
herein.

[0043] Reference is made below to FIGS. 4, 5A to 5C,
where FIG. 4 is a schematic view of a first mask for forming
apixel definition layer in embodiments of the disclosure, FIG.
5A is a schematic view of a second mask for forming a red
organic light emitting layer in embodiments of the disclosure,
FIG. 5B is a schematic view of'a third mask for forming a blue
organic light emitting layer in embodiments of the disclosure,
and FIG. 5C is a schematic view of a fourth mask for forming
a green organic light emitting layer in embodiments of the
disclosure

[0044] As shown in FIG. 4, a first mask 41 is used to form
a pixel definition layer 12. A plurality of pixel units arranged
together are formed in the pixel definition layer 12, each of the
pixel units includes a red sub pixel a, a blue sub pixel b and a
green sub pixel, and the green sub pixel includes a green
secondary sub pixel ¢ and a green secondary sub pixel d. The
first mask 41 includes two openings (i.e. an opening 403 and
an opening 404) for defining the green secondary sub pixelsc
and d, respectively, and the distance V6 between the opening
403 and the opening 404 corresponds to the third span X
between the active region E of the green secondary sub pixel
cand the active region E of the secondary sub pixel d. The first
mask 41 further includes an opening 401 for defining the red
sub pixel a and an opening 402 for defining the blue sub pixel
b, and the distance V5 between the opening 401 and the
opening 402 corresponds to the first span A between the
active region E of the red sub pixel a and the active region E
of the blue sub pixel b. The distance H3 between the opening
403 and the opening 401 of the first mask 41 corresponds to
the second span B between the active region E of the green
secondary sub pixel ¢ and the active region E of the red sub
pixel a, and likewise, the distance H3 between the opening
404 and the opening 402 of the first mask 41 corresponds to
the second span B between the active region E of the green
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secondary sub pixel d and the active region E of the blue sub
pixel b. The value of the first span A is equal to the minimal
value of an inactive region formed when forming the red
organic light emitting layer 131 and the blue organic light
emitting layer 132 by vapor deposition, the minimal value of
an inactive region depends on a manufacturing process and is
used to determine the distance between the red sub pixel a and
the blue sub pixel b to decrease the area of the inactive region,
where the manufacturing process can be a deposition process,
a sputtering process or a vapor deposition process, and the
value of'the second span B is equal to the minimal value of an
inactive region formed when forming the green organic light
emitting layer 133, the red organic light emitting layer 131
and the blue organic light emitting layer 132 by vapor depo-
sition, the minimal value of an inactive region depends on a
manufacturing process and is used to determine the distance
between the red sub pixel a and the green secondary sub pixel
d or the distance between the blue sub pixel b and the green
secondary sub pixel d to decrease the area of the inactive
region, so that the area of the inactive region is decreased and
the area of the active region is increased in the pixel unit,
thereby increasing the aperture ratio of the pixel unit and
decreasing the power consumption of the display device,
where the manufacturing process can be a deposition process,
a sputtering process or a vapor deposition process. It is noted
that the value of the first span A and the value of the second
span B may be the same as each other or different from each
other, which is not limited thereto.

[0045] As shown in FIG. SA, a second mask 51 is used to
form the red organic light emitting layer 131, and an align-
ment position of the second mask 51 for forming the red
organic light emitting layer 131 is different from an alignment
position of a third mask 52 for forming the blue organic light
emitting layer 132 and an alignment position of a fourth mask
53 for forming the green organic light emitting layer 133. In
the pixel unit, an opening 501 in the second mask 51 corre-
sponds to the red organic light emitting layer 131, and has a
first length N1 which is larger than or equal to the length K1
of the active region E of the red sub pixel a, and also has a first
width M1 which is larger than or equal to the width R1 of the
active region E of the red sub pixel a.

[0046] Asshown in FIG. 5B, a third mask 52 is used to form
the blue organic light emitting layer 132, and the alignment
position of the third mask 52 for forming the blue organic
light emitting layer 132 is different from an alignment posi-
tion of the second mask 51 for forming the red organic light
emitting layer 131 and an alignment position of the fourth
mask 53 for forming the green organic light emitting layer
133. In the pixel unit, an opening 502 in the third mask 52
corresponds to the blue organic light emitting layer 132, and
the opening 502 of the third mask 52 has a second opening
length N2, the second opening length N2 is larger than or
equal to the length K2 of the active region E of the blue sub
pixel b. In addition, the opening 502 of the third mask 52 has
a second opening width M2, and the second opening width
M2 is larger than or equal to the width R2 of the active region
E of the blue sub pixel b.

[0047] As shown in FIG. 5C, the fourth mask 53 is used to
form the green organic light emitting layer 133, and the align-
ment position of the fourth mask 53 for forming the green
organic light emitting layer 133 is different from an alignment
position of the second mask 51 for forming the red organic
light emitting layer 131 and an alignment position of the third
mask 52 for forming the blue organic light emitting layer 132.
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In the pixel unit, an opening 503 in the fourth mask 53
corresponds to the green organic light emitting layer 133, and
the opening 503 of the fourth mask 53 has a third opening
length N3 which is larger than or equal to the sum of the
length K3 of the active region E of the green secondary sub
pixel c, the length K4 of the active region E of the green
secondary sub pixel d and the third span X (i.e. N3=K3+K4+
X), and the opening 503 of the fourth mask 53 has a third
opening width M3, and the third opening width M3 is larger
than or equal to the width R3 of the active regions E of the
green secondary sub pixel ¢ and the green secondary sub pixel
d

[0048] Insome embodiments, in a first aspect, the plurality
of pixel units are arranged close to each other so that each of
the pixel units is surrounded by other pixel units which are
distributed evenly at the peripheral of the pixel unit, and hence
the pixel rendering algorithm is easily to implement, thereby
improving the display effect because the pixel rendering algo-
rithm is directly correlated with the display effect. In a second
aspect, since the green organic light emitting layers respec-
tively in the green secondary sub pixel ¢ and the green sec-
ondary sub pixel d are connected with each other, the diffi-
culty for manufacturing the mask is decreased in terms of the
manufacturing process, and the color mixing in the organic
light emitting diode display panel caused during the vapor
deposition can be avoided, thereby increasing the yield of the
organic light emitting diode display device. In a third aspect,
as described above, the green organic light emitting material
has the strongest luminous characteristic and hence imposes
the most intensive stimulation to user’s eyes, which directly
influences the judgment made by the user’s eyes on a spatial
position of the displayed image; in this case, under the con-
ditions of the same processing condition limitations and the
same area and number of the pixel units, two green sub pixel
regions are provided in each pixel unit, so that the gravity
center of a displayed image is accurate, thereby increasing the
resolution of the displayed image.

[0049] Referring to FIGS. 6A and 6B based on the struc-
tures shown in FIGS. 3A and 3B, the organic light emitting
diode display device shown in FIGS. 6A and 6B includes a
first anode 141 disposed between the pixel definition layer 12
and the substrate 11 within the red sub pixel a, a second anode
142 disposed between the pixel definition layer 12 and the
substrate 11 within the blue sub pixel b, a third anode 143
disposed between pixel definition layer 12 and the substrate
11 within the green secondary sub pixel ¢, and a fourth anode
144 disposed between the pixel definition layer 12 and the
substrate 11 in the green secondary sub pixel d. The red
organic light emitting layer 131 is located on the first anode
141, the blue organic light emitting layer 132 is located on the
second anode 142, and the green organic light emitting layers
133 are located on the third anode 143 and the fourth anode
144, respectively; the lower surfaces of the first anode 141,
the second anode 142, the third anode 143 and the fourth
anode 144 are connected with thin film transistors (not shown
in FIGS. 6A and 6B), respectively. The thin film transistors
may be driving transistors. The organic light emitting diode
display device further includes a semi-transparent cathode 15
located on the red organic light emitting layer 131, the blue
organic light emitting layer 132 and the green organic light
emitting layers 133.

[0050] The pixel unit is configured to display by receiving
a signal from a pixel driving circuit, and the pixel driving
circuit is configured to selectively turn on or turn off the



US 2016/0240592 Al

driving transistor. The driving transistor transfers a preset
potential to the anode, so that an electric potential difference
is formed between the anode and the semi-transparent cath-
ode 15. Then the electrons and holes are injected into an
organic light emitting layer from the semi-transparent cath-
ode 15 and the anode, respectively, to activate the organic
light emitting material in the organic light emitting layer to
emit light. In some embodiments, since the green organic
light emitting layer in the green secondary sub pixel ¢ is
connected with the third anode 143 and the green organic
light emitting layer in the green secondary sub pixel d is
connected with the fourth anode 144, two pixel driving cit-
cuits are required to drive the green secondary sub pixel ¢ and
the green secondary sub pixel d, respectively. As such, it is
noted that at least two pixel driving circuits are required in the
case that the green sub pixel includes at least two green
secondary sub pixels, in order to drive the at least two green
secondary sub pixels, respectively.

[0051] It should be understood by those skilled in the art
that FIGS. 3A, 3B, 6A and 6B schematically show film struc-
tures on a substrate in an organic light emitting diode display
device. Accordingly, due to different structures of the organic
light emitting diode display device, there are different film
structures on the substrate in the organic light emitting diode
display device. In some embodiments, the films on the sub-
strate are not specifically limited, as long as the third organic
light emitting layers with the strongest luminous characteris-
tic which are respectively located within the at least two third
secondary sub pixels are connected with each other. There-
fore, the structure of the embodiments is not only limited to
FIGS. 3A, 3B, 6A and 6B.

[0052] In the above-described organic light emitting diode
display device, the areas of the corresponding sub pixels of
the pixel unit may be different from one another. In some
embodiments, the area of the blue sub pixel 132 is larger than
that of the red sub pixel 131 considering that the luminous
efficiency of the blue organic light emitting material is lower,
so that the defect of the lower luminous efficiency of the blue
organic light emitting material can be overcome by increasing
the area of the blue sub pixel 132, thereby increasing the
lifetime of the organic light emitting diode display device.
[0053] In the above organic light emitting diode display
device, the areas and shapes of the corresponding sub pixels
of the pixel unit may be different from one another. FIGS. 7A
and 7B are top views showing the structure of pixel units of an
organic light emitting diode display device according to
embodiments of the disclosure. As shown in FIGS. 7A and
7B, preferably, the red sub pixel a, the blue sub pixel b, the
green secondary sub pixel ¢ and the green secondary sub pixel
dall have polygonal shapes, and particularly the shapes of the
red sub pixel a, the blue sub pixel b, the green secondary sub
pixel ¢ and the green secondary sub pixel d may be the same
with each other. In some embodiments, the red sub pixel a, the
blue sub pixel b, the green secondary sub pixel c and the green
secondary sub pixel d may have a rectangular shape (as shown
in FIG. 7A) or a hexagonal shape (as shown in FIG. 7B). As
such, the pixel units are arranged close to each other, each of
the pixel units is surrounded by other pixel units which are
distributed evenly at the peripheral of the pixel unit, and a
larger aperture ratio of the pixel unit can be obtained by the
increased internal angle of each of the sub pixels.

[0054] Inaddition to the structures of the pixel units shown
in FIG. 7A and 7B, FIG. 8 is a top view showing another
structure of pixel units of an organic light emitting diode
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display device according to embodiments of the disclosure.
As shown in FIG. 8, a red sub pixel a, a blue sub pixel b, a
green secondary sub pixel ¢ and a green secondary sub pixel
d all have a polygonal shape, and the shapes of the red sub
pixel a, the blue sub pixel b, the green secondary sub pixel ¢
and the green secondary sub pixel d may be different from
each other. Preferably, an internal angle of each of the red sub
pixel a, the blue sub pixel b, the green secondary sub pixel ¢
and the green secondary sub pixel d is larger than or equal to
90°. For example, the red sub pixel a has a rectangular shape,
the blue sub pixel b has a pentagonal shape with three right
angles and two obtuse angles, and the green secondary sub
pixels ¢ and d each have a hexagonal shape with four right
angles and two obtuse angles. Also, the pixel units are
arranged close to each other, each of the pixel units is sur-
rounded by other pixel units which are distributed evenly at
the peripheral of the pixel unit, and the aperture ratio of the
pixel unit can be increased by arranging an internal angle of
each of the sub pixels to be larger than orequal to 90°, thereby
increasing the luminous efficiency of the organic light emit-
ting diode display device and reducing the power consump-
tion of the organic light emitting diode display device. In
addition, such configuration also is advantageous in that the
spatial arrangement of the pixel units is simple, the pixel
rendering effect is good, the spatial symmetry of the pixels is
good and the cost is relatively low.

[0055] With the organic light emitting diode display device
according to embodiments of the disclosure, the gravity cen-
ter of the displayed image in the organic light emitting diode
display device can be balanced and the color mixing in the
organic light emitting diode display panel can be avoided,
thereby increasing the yield of the organic light emitting
diode display device. In addition, the lifetime of the organic
light emitting diode display device is prolonged by maximiz-
ing the area of the blue sub pixel. Further, the aperture ratio of
the pixel unit is increased by arranging the internal angle of
the sub pixel to be larger than or equal to 90°, and accordingly,
the spatial symmetry of the pixels is good and the cost is
relatively low.

[0056] FIG. 9 is a top view showing the structure of an
organic light emitting diode display device according to
embodiments of the disclosure. As shown in FIG. 9, the
organic light emitting diode display device includes: a sub-
strate (not shown in FIG. 9); a pixel definition layer located on
the substrate (not shown in FIG. 9), where the pixel definition
layer defines a plurality of pixel units arranged together in the
pixel definition layer, each of the pixel units includes two first
sub pixels (al and a2 in F1G. 9), two second sub pixels (b1 and
b2 in FIG. 9) and four third sub pixels (g1, g2, g3 and g4 in
FIG. 9), each of the third sub pixels includes two third sec-
ondary sub pixels (two parts spaced apart by dotted line in
FIG. 9); a first organic light emitting layer arranged in each of
the two first sub pixels, where in some embodiments, the first
organic light emitting layer is a red organic light emitting
layer, and the red organic light emitting layer includes a red
organic light emitting material to emit a red light; a second
organic light emitting layer arranged in each of the two sec-
ond sub pixels, where in some embodiments, the second
organic light emitting layer is a blue organic light emitting
layer, and the blue organic light emitting layer includes a blue
organic light emitting material to emit a blue light. Green
organic light emitting layers are arranged in two third sec-
ondary sub pixels included in each third sub pixel, and the
green organic light emitting layer includes a green organic
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light emitting material to emit a green light, where the green
organic light emitting layers respectively arranged in the two
third secondary sub pixels of each third sub pixel are con-
nected with other.

[0057] Insomeembodiments, the first sub pixels al and a2
are embodied as a red sub pixel, the second sub pixels b1 and
b2 are embodied as a blue sub pixel, the third sub pixels g1,
22, g3 and g4 are embodied as a green sub pixel, which is an
example for the configuration of the first sub pixels al and a2,
the second sub pixels b1 and b2 and the third sub pixels g1, g2,
23 and g4. In other examples, it is also possible that the first
sub pixels al and a2 are embodied as a blue sub pixel, the
second sub pixels b1 and b2 are embodied as a red sub pixel,
and the third sub pixels gl, g2, g3 and g4 are embodied as a
green sub pixel, which is not limited thereto. Moreover, for
ease of description, the configuration that the first sub pixels
al and a2 are red sub pixels, the second sub pixels bl and b2
are blue pixels and the third sub pixels g1, g2, g3 and g4 are
green pixels is illustrated as an example below.

[0058] In some embodiments, the area of any of the blue
sub pixels b1 and b2 is larger than the area of any of the red
sub pixels al and a2 so as to increase the lifetime of the
organic light emitting diode display device. The red sub pix-
els al and a2 and the blue sub pixels b1 and b2 each may have
arectangular shape, and the green sub pixels g1, g2, 3 and g4
each may have an octagonal shape which is derived from a
rectangle with its four internal angles being cut off, resulting
in an advantage that the aperture ratio of the green sub pixel
can be increased. The green secondary sub pixels in each
green sub pixel are driven by the two driving circuits, respec-
tively, that is, the four green sub pixels g1, g2, ¢3 and g4 are
driven by eight driving circuits in FIG. 9.

[0059] In some embodiments, the pixel unit has a hexago-
nal shape. In some embodiments, in consideration of factors
such as process, appearance and display effect, the pixel unit
has a hexagonal shape which is axisymmetric in some
embodiments. The center of one red sub pixel al is located at
one vertex of the hexagonal shape, the centers of two blue sub
pixels b1 and b2 are respectively located at two vertexes of the
hexagonal shape adjacent to the one vertex including the
center of the red sub pixel al, the centers of three green sub
pixels g1, g2 and g3 are respectively located at the remaining
three vertexes of the hexagonal shape, the center of another
green sub pixel g4 is located at a midpoint of a diagonal
connecting the two vertexes including the centers of the two
blue sub pixels b1 and b2, and the center of another red sub
pixel a2 is located at a midpoint of a diagonal connecting the
two vertexes including the centers of the green sub pixels gl
and g3. In some embodiments, a distance between the center
of each green sub pixel in a pixel unit and the center of a red
sub pixel which is located in the same pixel unit as and
adjacent to the green sub pixel is equal to a distance between
the center of the green sub pixel and the center of a red sub
pixel in an pixel unit adjacent to the pixel unit containing the
green sub pixel, and a distance between the center of each
green sub pixel in a pixel unit and the center of a blue sub pixel
which is located in the same pixel unit as and adjacent to the
green sub pixel is equal to a distance between the center of the
green sub pixel and the center of a blue sub pixel in an pixel
unit adjacent to the pixel unit containing the green sub pixel.
The center of the green sub pixel is a central point of a
geometry formed by two green secondary sub pixels. In some
embodiments, the areas of the red sub pixels al and a2, the
blue sub pixels b1 and b2, and the green sub pixels gl, g2, g3

Aug. 18,2016

and g4 can be adjusted flexibly, so that identical voltages are
applied to the red sub pixels, the blue sub pixels and the green
sub pixels through the thin film transistors, thereby balancing
the display effects of the red sub pixels, the blue sub pixels
and the green sub pixels in order to enable the organic light
emitting diode display device to emit white light.

[0060] In some embodiments, the distance between open-
ings of the first mask for forming the pixel definition layer is
equal to the minimal value of an inactive region formed when
forming the red organic light emitting layer, the blue organic
light emitting layer and the green organic light emitting layer
by vapor deposition, respectively. For example, the distance
between the openings of the first mask which are used to
define the red sub pixel al and the green sub pixel g4 is equal
to the minimal value of the inactive region formed when
forming the red organic light emitting layer and the green
organic light emitting layer by vapor deposition, the minimal
value of the inactive region depends on a manufacturing pro-
cess and is used to determine the distance between the red sub
pixel al and the green sub pixel g4 to decrease the area of the
inactive region, and the manufacturing process can be a depo-
sition process, a sputtering process or a vapor deposition
process; the distance between the openings of the first mask
which are used for defining the blue sub pixel b1 and the green
sub pixel g4 is equal to the minimal value of an inactive region
formed when forming the blue organic light emitting layer
and the green organic light emitting layer by vapor deposi-
tion, the minimal value of the inactive region depends on by
the manufacturing process and is used to determine the dis-
tance between the blue sub pixel b1 and the green sub pixel g4
to decrease the area of the inactive region, where the manu-
facturing process can be a deposition process, a sputtering
process or a vapor deposition process; and the distance
between the openings of the first mask which are used for
defining the red sub pixel al and the blue sub pixel b1 is equal
to the minimal value of an inactive region formed when
forming the red organic light emitting layer and the blue
organic light emitting layer by vapor deposition, the minimal
value of the inactive region depends on the manufacturing
process and is used to determine the distance between the red
sub pixel al and the blue sub pixel bl to decrease the area of
the inactive region, where the manufacturing process can be a
deposition process, a sputtering process or a vapor deposition
process. For the structure of the first mask for forming the
pixel definition layer, the structure of the second mask for
forming the red organic light emitting layer, the structure of
the third mask for forming the blue organic light emitting
layer and the structure of the fourth mask for forming the
green organic light emitting layer, reference can be made to
the first mask 41, the second mask 51, the third mask 52 and
the fourth mask 53 described in the above embodiments,
which is not repeatedly described again herein.

[0061] Insome embodiments, in a first aspect, the propor-
tions of the areas of the red sub pixels, the blue sub pixels and
the green sub pixels can be adjusted flexibly, so that the
display effects of the red sub pixels, the blue sub pixels and
the green sub pixels are balanced; ina second aspect, the pixel
units are arranged close to each other and each of the pixel
units is surrounded by other pixel units which are distributed
evenly at the peripheral of the pixel unit, thus the pixel ren-
dering algorithm can be easily implemented, and the display
effect of the display panel can be improved since the pixel
rendering algorithm is directly correlated with the display
effect; in a third aspect, in terms of the manufacturing pro-
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cess, since the green organic light emitting layers in the green
secondary sub pixel ¢ and the green secondary sub pixel d are
connected with each other, the difficulty for manufacturing
the mask is decreased and the color mixing phenomenon in
the organic light emitting diode display panel can be avoided
during the vapor deposition, thereby increasing the yield of
the organic light emitting diode display device; in a fourth
aspect, the green organic light emitting material has the high-
est luminous characteristic and imposes the most intensive
stimulation to a user’s eyes, which directly influences the
judgment made by the user’s eyes on a spatial position of the
displayed image; in this case, under the conditions of the
same processing condition limitations and the same area and
number of the pixel units, two green sub pixel regions are
provided in each pixel unit, so that the gravity center of a
displayed image is accurate, thereby increasing the resolution
of the displayed image.

[0062] FIG.101is aflow chart of amanufacturing method of
an organic light emitting diode display device according to
embodiments of the disclosure, and the method is used to
manufacture the organic light emitting diode display device
in the above embodiments. As shown in FIG. 10, a manufac-
turing method of an organic light emitting diode display
device includes Steps S1 to S4. Itis noted that the labels S1 to
S4 herein are only used to distinguish between the steps, but
not to limit the sequence of the steps. In embodiments of the
disclosure, the sequence of the steps can be adjusted accord-
ing to process adjustment. The manufacturing method of the
organic light emitting diode display device includes:

[0063] Step S1 includes forming a region limitation layer
on a substrate; patterning the region limitation layer by using
a first mask to form a pixel definition layer, where the pixel
definition layer defines a plurality of pixel units arranged
together are defined in the pixel definition layer, where the
pixel unit includes at least one first sub pixel, at least one
second sub pixel and at least one third sub pixel, and each of
the third sub pixels includes at least two third secondary sub
pixels.

[0064] In Step S1, the substrate 11 can be made of glass or
flexible plastic, and the pixel definition layer 12 can be made
of an in-organic insulation material such as silicon oxide or
silicon nitride, or can be made of an Organic insulation mate-
rial such as Benzocyclobutene (BCB) or acrylic resin.
[0065] Insomeembodiments, the atleast two third second-
ary sub pixels in each third sub pixel are driven by at least two
driving circuits, respectively. For example, one pixel unit
includes four third sub pixels, and each of the third sub pixels
includes two third secondary sub pixels, and in this case, eight
driving circuits are required to drive the eight third secondary
sub pixels, respectively.

[0066] Step S2 includes forming a first organic light emit-
ting layer in the at least one first sub pixel by means of vapor
deposition by using a second mask, wherein the first organic
light emitting layer includes a first organic light emitting
material for emitting light in a first primacy color.

[0067] InStep S2,the first sub pixel may be a red sub pixel,
and accordingly the first organic light emitting layer is a red
organic light emitting layer. Alternatively, the first sub pixel
may be a blue sub pixel, and accordingly the first organic light
emitting layer is a blue organic light emitting layer, which is
not limited hereto.

[0068] Step S3 includes forming a second organic light
emitting layer in the at least one second sub pixel by means of
vapor deposition by using a third mask, where the second
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organic light emitting layer includes a second organic light
emitting material for emitting a second primacy color.
[0069] In Step S3, the second sub pixel may be a blue sub
pixel, and accordingly the second organic light emitting layer
is a blue organic light emitting layer. Alternatively, the second
sub pixel may be a red sub pixel, and accordingly the second
organic light emitting layer is a red organic light emitting
layer, which is not limited hereto.

[0070] Step S4 includes forming third organic light emit-
ting layers in the at least two third secondary sub pixels by
means of vapor deposition by using a fourth mask, where the
third organic light emitting layers include a third organic light
emitting material for emitting light in a third primary color
with the strongest luminous characteristic, and where the
third organic light emitting layers provided in the at least two
third secondary sub pixels are formed in a same process step,
where at least two openings of the first mask which are used
to form at least two third sub mutes in the atleast one third sub
pixel correspond to one opening of the fourth mask which is
used to form the third organic light emitting layer.

[0071] The manufacturing method of the organic light
emitting diode display device provided by embodiments of
the disclosure is described below in combination with FIGS.
2,3A, 3B, 4 and 5A-5C.

[0072] Themethod includes growing or depositing a region
limitation layer on a substrate and then forming a pixel defi-
nition layer 12 shown in FIGS. 3A and 3B by using a first
mask 41 shown in FIG. 4 and a photoetching process, where
a plurality of pixel units arranged together are defined in the
pixel definition layer 12. As shown in FIG. 2, each of the pixel
units includes one red sub pixel a, one blue sub pixel b and one
green sub pixel, and the green sub pixel includes two green
secondary sub pixels (a green secondary sub pixel c and a
green secondary sub pixel d). The first mask 41 defines the
distance between the openings 401 forming the red sub pixel
aand the opening 402 forming the blue sub pixel b to be equal
to the minimal value of an inactive region formed when
forming the red organic light emitting layer 131 and the blue
organic light emitting layer 132 by vapor deposition, the
minimal value of the inactive region depends on a manufac-
turing process and is used to determine the distance between
the red sub pixel a and the blue sub pixel b to decrease the area
of the inactive region, where the manufacturing process can
be a deposition process, a sputtering process or a vapor depo-
sition process, the first mask 41 defines the distance between
the opening 403 forming the green secondary sub pixel ¢ and
the opening 401 forming the red sub pixel a to be equal to the
minimal value of an inactive region formed when forming the
green organic light emitting layer 133 and the red organic
light emitting layer 131 by vapor deposition, the minimal
value of the inactive region depends on the manufacturing
process and is used to determine the distance between the
green secondary sub pixel ¢ and the red sub pixel ato decrease
the area of the inactive region, where the manufacturing pro-
cess can be a deposition process, a sputtering process or a
vapor deposition process, and the first mask 41 defines the
distance between the opening 404 forming the green second-
ary sub pixel d and the opening 402 forming the blue sub pixel
btobeequal to the minimal value ofan inactive region formed
when forming the red organic light emitting layer 133 and the
blue organic light emitting layer 132 by vapor deposition, the
minimal value of the inactive region depends on the manu-
facturing process and is used to determine the distance
between the green secondary sub pixel d and t blue sub pixel
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b to decrease the area of the inactive region, where the manu-
facturing process can be a deposition process, a sputtering
process or a vapor deposition process.

[0073] Then, the method includes forming a red organic
light-emitting layer 131 in a red sub pixel a defined in the
pixel definition layer 12 as shown in FIG. 3A by means of
vapor deposition by using the second mask 51 shown in FIG.
5A, where the alignment position of the second mask 51 for
forming the red organic light-emitting layer 131 is different
from both the alignment position of the third mask 52 shown
in FIG. 5B for forming the blue organic light-emitting layer
132 and the alignment position of the fourth mask 53 shown
in FIG. 5C for forming the green organic light-emitting layer
133, and the red organic light-emitting layer includes a red
organic light-emitting material for emitting red light.

[0074] Thirdly, the method includes forming a blue organic
light-emitting layer 132 in a blue sub pixel b defined in the
pixel definition layer 12 as shown in FIG. 3A by means of
vapor deposition by using the third mask 52 shown in FIG.
5A, where the alignment position of the third mask 52 for
forming the blue organic light-emitting layer 132 is different
from both the alignment position of the second mask 51
shown in FIG. 5C for forming the red organic light-emitting
layer 131 and the alignment position of the fourth mask 53
shown in FIG. 5C for forming the green organic light-emit-
ting layer 133, and the blue organic light-emitting layer
includes a blue organic light-emitting material for emitting
blue light.

[0075] Fourthly, the method includes forming a green
organic light-emitting layer 133 within a green sub pixel
(including a green secondary sub pixel ¢ and a green second-
ary sub pixel d) which is defined by the pixel definition layer
12 shown in FIG. 3B by means of vapor deposition by using
a fourth mask 53 shown in FIG. 5C. The shape of the opening
of the fourth mask is a long strip shape, where the alignment
position of the fourth mask 53 for forming the green organic
light-emitting layer 133 is different from the both alignment
position of the second mask 51 for forming the red organic
light-emitting layer 131 and the alignment position of the
third mask 52 for forming the blue organic light-emitting
layer 132, and the green organic light-emitting layer includes
a green organic light-emitting material to emit the green light.
The green organic light-emitting layer 133 located in the
green secondary sub pixel ¢ and the green organic light-
emitting layer 133 located in the green secondary sub pixel d
are formed in the same one process and are connected with
each other. The fourth mask for forming the third organic
light-emitting layer has an opening which defines that the first
mask of the green sub pixel has two openings.

[0076] In some embodiments of the disclosure, the red
organic light emitting layer 131 in the red sub pixel a and the
blue organic light emitting layer 132 in the blue sub pixel b are
formed prior to forming the green organic light emitting
layers 133 in the green secondary sub pixels ¢ and d, or
alternatively the green organic light emitting layers 133 in the
green secondary sub pixels ¢ and d are formed prior to form-
ing the red organic light emitting layer 131 in the red sub pixel
a and the blue organic light emitting layer 132 in the blue sub
pixel b, which is not limited herein.

[0077] In the organic light emitting diode display device
shown in F1G. 9, each of the pixel units includes two red sub
pixels (al and a2 in FIG. 9), two blue sub pixels (b1 and b2 in
FIG. 9) and four third sub pixels (g1, g2, g3 and g4 in FIG. 9),
each of the third sub pixels includes two third secondary sub
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pixels (two parts spaced apart by dotted line in FIG. 9). In
some embodiments, the pixel unit has a hexagonal shape. In
some embodiments, in consideration of factors such as pro-
cess, appearance and display effect, the pixel unit has a hex-
agonal shape which is axisymmetric in some embodiments.
The center of one red sub pixel al is located at one vertex of
the hexagonal shape, the centers of two blue sub pixels b1 and
b2 are respectively located at two vertexes of the hexagonal
shapeadjacent to the one vertex including the center of the red
sub pixel al, the centers of three green sub pixels g1, g2 and
23 are respectively located at the remaining three vertexes of
the hexagonal shape, the center of another green sub pixel g4
is located at a midpoint of a diagonal connecting the two
vertexes including the centers of the two blue sub pixels bl
and b2, and the center of another red sub pixel a2 is located at
a midpoint of a diagonal connecting the two vertexes includ-
ing the centers of the green sub pixels gl and g3. The manu-
facturing method of the organic light-emitting diode display
device shown in FIG. 9 is basically similarly to that of the
organic light-emitting diode display device shown in FIG. 2,
those skilled in the art can understand the manufacturing
method of the organic light-emitting diode display device
shown in FIG. 9 by referring to the manufacturing method of
the organic light-emitting diode display device shown in FIG.
2, which is not repeatedly described.

[0078] Based on the manufacturing method of the organic
light-emitting diode display device provided by embodi-
ments of the disclosure, the gravity center of the displayed
image in the organic light-emitting diode display device can
be balanced and the color mixing phenomenon in the organic
light-emitting diode display panel can be avoided, thereby
increasing the yield of the organic light-emitting diode dis-
play device. In addition, the aperture ratio of the pixel units
can be guaranteed thereby increasing, and thus the efficiency
of the organic light-emitting diode display device is
increased. Moreover, in terms of the manufacturing process,
when the green organic light-emitting layer within at least
two green secondary sub pixels are connected with other, the
difficulty for manufacturing the mask is decreased and the
color mixing phenomenon in the organic light-emitting diode
display panel can be avoided during performing vapor depo-
sition.

[0079] It is noted that embodiments and the applied tech-
nology principles of the disclosure are described as above. It
should be understood for those skilled in the art that the
disclosure is not limited to particular embodiments described
herein. Various apparent changes, readjustment and alterna-
tive can be made by those skilled in the art without departing
the scope of protection of the disclosure. Therefore, although
the disclosure is illustrated in detail through the above
embodiments, the disclosure is not limited to the above
embodiments, and can further include other embodiments
without departing the conception of the disclosure. The scope
of the disclosure is subject to the appended claims.

[0080] Various modifications and additions can be made to
the exemplary embodiments discussed without departing
from the scope of the present disclosure. For example, while
the embodiments described above refer to particular features,
the scope of this disclosure also includes embodiments hav-
ing different combinations of features and embodiments that
do not include all of the described features. Accordingly, the
scopeofthe present disclosure is intended to embrace all such
alternatives, modifications, and variations as fall within the
scope of the claims, together with all equivalents thereof.
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We claim:

1. An organic light emitting diode display device, compris-
ing:

a substrate;

a pixel definition layer located on the substrate, wherein
a plurality of pixel units arranged together are defined
in the pixel definition layer, at least one of the pixel
units comprises at least one first sub pixel, at least one
second sub pixel and at least one third sub pixel, and
the third sub pixel comprises at least two third sec-
ondary sub pixels;

a first organic light emitting layer arranged in each of the
at least one first sub pixel, wherein the first organic
light emitting layer comprises a first organic light
emitting material for emitting light in a first primary
color;

asecond organic light emitting layer arranged in each of
the at least one second sub pixel, wherein the second
organic light emitting layer comprises a second
organic light emitting material for emitting light in a
second primary color; and

third organic light emitting layers arranged in the at least
two third secondary sub pixels of the at least one third
sub pixel, wherein the third organic light emitting
layer comprises a third organic light emitting material
for emitting light in a third primary color that has the
strongest luminous characteristic;

wherein the third organic light emitting layers arranged
in the at least two third secondary sub pixels are
connected with each other.

2. The organic light emitting diode display device of claim
1, wherein the at least two third secondary sub pixels are
driven by at least two driving circuits, respectively.
3. The organic light emitting diode display device of claim
1, wherein the first sub pixel is a red sub pixel, the second sub
pixel is a blue sub pixel and the third sub pixel is a green sub
pixel.
4. The organic light emitting diode display device of claim
1, wherein the at least one of the pixel units comprises one red
sub pixel, one blue sub pixel and one green sub pixel, and the
green sub pixel comprises two green secondary sub pixels.
5. The organic light emitting diode display device of claim
4, wherein each of the red sub pixel, the blue sub pixel and the
green sub pixel has a polygonal shape.
6. The organic light emitting diode display device of claim
5, wherein an internal angle of each of the red sub pixel, the
blue sub pixel and the green sub pixel is larger than or equal
t0 90°.
7. The organic light emitting diode display device of claim
6, wherein the red sub pixel has a rectangular shape, the blue
sub pixel has a pentagonal shape with three right angles and
two obtuse angles, and the green sub pixel has a hexagonal
shape with four right angles and two obtuse angles.
8. The organic light emitting diode display device of claim
1, wherein the at least one of the pixel units comprises two red
sub pixels, two blue sub pixels and four green sub pixels, and
each of the four green sub pixels comprises two green sec-
ondary sub pixels.
9. The organic light emitting diode display device of claim
8, wherein
the at least one of the pixel units has a hexagonal shape,
wherein one of the two red sub pixel is located at one
vertex of the hexagonal shape; the two blue sub pixels
are respectively located at two vertexes of the hexagonal
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shape adjacent to the one vertex comprising the red sub
pixel; three of the four green sub pixels are respectively
located at three remaining vertexes of the hexagon; the
other one of the fourth green sub pixels is located at a
midpoint of a diagonal connecting the two vertexes com-
prising the two blue sub pixels; and the other one of the
two red sub pixels is located at a midpoint of a diagonal
connecting the two vertexes comprising the two green
sub pixels.
10. The organic light emitting diode display device of
claim 9, wherein the hexagonal shape is axisymmetric.
11. The organic light emitting diode display device of
claim 4, wherein an area of the blue sub pixel is larger than
that of the red sub pixel.
12. A manufacturing method of an organic light emitting
diode display device, comprising:
forming a region limitation layer on a substrate;
patterning the region limitation layer by using a first mask
to form a pixel definition layer, wherein a plurality of
pixel units arranged together are defined in the pixel
definition layer, wherein at least one of the pixel units
comprises at least one first sub pixel, at least one second
sub pixel and at least one third sub pixel, and each of the
third sub pixels comprises at least two third secondary
sub pixels;
forming a first organic light emitting layer in the at least
one first sub pixel by means of vapor deposition by using
a second mask, wherein the first organic light emitting
layer comprises a first organic light emitting material for
emitting light in a first primacy color;
forming a second organic light emitting layer in the at least
one second sub pixel by means of vapor deposition by
using a third mask, wherein the second organic light
emitting layer comprises a second organic light emitting
material for emitting light in a second primacy color; and

forming third organic light emitting layers in the at least
two third secondary sub pixels of the at least one third
sub pixel by means of vapor deposition by using a fourth
mask, wherein the third organic light emitting layer
comprises a third organic light emitting material for
emitting light in a third primary color that has the stron-
gest luminous characteristic, and wherein the third
organic light emitting layers arranged in the at least two
third secondary sub pixels are formed in a same process
step;

wherein

at least two openings of the first mask which are used to

form the at least two third secondary sub pixels in the at
least one third sub pixel correspond to an opening of the
fourth mask which is used to form the third organic light
emitting layer.

13. The manufacturing method of claim 12, wherein a
distance between openings of the first mask which are used to
form the at least one first sub pixels, the at least one second
sub pixels and the at least one third sub pixels by patterning
the region limitation layer is equal to the minimal value of an
inactive region formed when forming the first organic light
emitting layer, the second organic light emitting layer and the
third organic light emitting layers by means of vapor deposi-
tion.

14. The manufacturing method of claim 12, wherein the
opening of the fourth mask which is used to form the third
organic light emitting layer has an elongated shape.
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15. The manufacturing method of claim 12, wherein the
first sub pixel is a red sub pixel, the second sub pixel is a blue
sub pixel and the third sub pixel is a green sub pixel.

16. The manufacturing method of claim 15, wherein the at
least one of the pixel units comprises one red sub pixel, one
blue sub pixel and one green sub pixel, and the green sub pixel
comprises two green secondary sub pixels.

17. The manufacturing method of claim 15, wherein the at
least one of the pixel units comprises two red sub pixels, two
blue sub pixels and four green sub pixels, and each of the four
green sub pixel comprises two green secondary sub pixels.
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