EP 3 214 650 A1

Patent Office

s vty (11) EP 3 214 650 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(1 9) ’ e Hll‘l‘”“lm“m“mllHH'H"H"H”N |H|‘|HH||‘|‘H||H‘|H||‘
Patentamt
0 European

(43) Date of publication: (51) IntCl.:
06.09.2017 Bulletin 2017/36 HO1L 27/32(2006.01) G09G 3/32(2016.07)
(21) Application number: 15793670.9 (86) International application number:
PCT/CN2015/072538

(22) Date of filing: 09.02.2015
(87) International publication number:

WO 2016/065770 (06.05.2016 Gazette 2016/18)

(84) Designated Contracting States: (72) Inventors:
ALATBEBG CHCY CZDE DKEE ES FIFR GB * BAI, Shanshan
GRHRHUIEISITLILTLULVMC MK MT NL NO Beijing 100176 (CN)
PL PT RO RS SE SI SK SM TR  JI, Fengli
Designated Extension States: Beijing 100176 (CN)
BA ME * XUAN, Minghua

Beijing 100176 (CN)
(30) Priority: 27.10.2014 CN 201410584435 * LIV, Jiantao
Beijing 100176 (CN)
(71) Applicants: e XU, Jingbo
* BOE Technology Group Co., Ltd. Beijing 100176 (CN)
Beijing 100015 (CN)
* Ordos Yuansheng Optoelectronics Co., Ltd. (74) Representative: Fritzsche, Thomas
Ordos, Inner Mongolia 017020 (CN) Fritzsche Patent
NaupliastraBe 110
81545 Miinchen (DE)

(54) ORGANIC LIGHT EMITTING DIODE DISPLAY DEVICE, DRIVING METHOD AND DISPLAY
APPARATUS THEREOF

(67)  The embodiments of the present invention pro-
vide an organic electroluminescent display device, a driv- 1
ing method thereof and a display device. Due to the reg-
ular staggered arrangement of sub pixels with the same
color on the basal substrate, during the manufacture of
ametal mask plate, the distance between adjacent open-
ings corresponding to the sub pixels with the same color
in the metal mask plate can be relatively large, improving
the strength of the metal mask plate; this is beneficial for
manufacturing small-sized sub pixels, thereby further im-
proving the resolution of the organic electroluminescent
display device.
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Description
FIELD OF THE INVENTION

[0001] The present invention relates to the technical
field of display, in particular to an organic electrolumines-
cent display device, a driving method thereof and a dis-
play device.

BACKGROUND OF THE INVENTION

[0002] Organic light emitting diode (OLED) is one of
the hot spots in the research of flat panel display today.
Compared with liquid crystal display, the OLED display
device has the advantages of low energy consumption,
low production cost, self luminous, wide viewing angle,
quick response and so on. At present, in the flat panel
display field of mobile phone, PDA, digital cameras and
so on, OLED display device has begun to replace the
traditional liquid crystal display (LCD).

[0003] The structure ofan OLED display device mainly
comprises: a basal substrate, and pixels arranged in a
matrix formed on the basal substrate. Wherein the pixels
are organic electroluminescent structures typically
formed at corresponding pixel positions in an array sub-
strate with organic material, by applying evaporation film
technology through a high precision metal mask plate.
In order to perform color display, an OLED display should
be colorized. The best colorimage effect can be achieved
with a side-by-side arrangement. The side-by-side ar-
rangement refers to three sub pixels of red, green, blue
(G, R, B) arranged in a range of one pixel, each sub pixel
has a separate organic electroluminescent structure. due
to the difference in the organic electroluminescent ma-
terials of red, green and blue sub pixels, in the production
process, a metal mask plate is required for evaporation
of three different organic electroluminescent materials
for the red, green and blue sub-pixels (of three primary
colors) at corresponding positions, and then adjust the
color blending of these three colors, realizing true color.
[0004] The key point for manufacturing OLED display
device with high resolution (PPI) is high precise metal
mask plate, which is precise and has a good mechanical
stability; while the key point for high precise metal mask
plate lies in the arrangement of pixels and sub pixels.
[0005] Currently, in an existing OLED display device,
the arrangement of the pixel array is typically a side-by-
side arrangement. As shown in Fig. 1, the OLED display
device comprises a basal substrate 1, and pixel units 2
arranged in an array on the basal substrate 1; a pixel unit
2 comprises three parallel sub pixels of red (R), green
(G), and blue (B). In order to form the arrangement of the
pixel, a corresponding metal mask plate is shown in Fig.
2. Fig. 2 schematically shows a metal mask plate used
for forming a sub pixel (R sub pixel) in the pixel arrange-
ment shown in Fig. 1. Since the patterns of the sub pixels
are the same, a metal mask plate with the same structure
can be used to form other sub pixels (G, B).
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[0006] InFig. 2, a metal mask plate comprises a metal
substrate 3 and rectangular openings 4 on the metal sub-
strate 3. Since the sub pixels in a same column in the
display device share a same opening, the length of the
opening 4 in the metal mask plate is long. For low reso-
lution display device, since the number of pixels is small,
the width of the metal strip between adjacent openings
4 on the metal mask plate is wide; therefore the produc-
tion, application and management of such metal mask
platesis simple. However, with the increase of the display
resolution, the width of the metal strip between adjacent
openings inthe metal mask plate is smaller, which causes
that the metal strip between adjacent openings in the
metal mask plate is easily deformed by external influence
during the using process, resulting in color mixing due to
the cross contamination of the organic electrolumines-
cent materials with different colors in the sub pixels, caus-
ing a low yield rate of the product.

[0007] In view of the above problems, a metal mask
plate shownin Fig. 3 is proposed, to form a pixel arrange-
ment as shown in Fig. 1. As shown in Fig. 3, the metal
mask plate is provided by adding metal lapping bridges
5 at positions between adjacent sub pixels shown in Fig.
1 to the metal mask plate as shown in Fig. 2, to connect
adjacent metal strips, modifying a opening 4 shown in
Fig. 2 into openings 6 corresponding to the sub pixels
shownin Fig. 1. Although the method can make the shape
of the metal strips in the metal mask plate more stable,
in order to avoid masking effect of the metal lapping bridg-
es to the sub pixels, a sufficient distance should be kept
between the sub pixels and the metal lapping bridges,
which can reduce the size of the sub pixels, thus affecting
the opening rate of the OLED display device.

SUMMARY OF THE INVENTION

[0008] To this end, the embodiments of the present
invention provide an organic electroluminescent display
device, a driving method thereof and a display device, to
provide an organic electroluminescent display device
with a new pixel arrangement, achieving a metal mask
plate with simple manufacture and high mechanical sta-
bility, thereby improving the production efficiency of high
resolution organic electroluminescent display device, re-
ducing production costs.

[0009] Therefore,anembodimentofthe presentinven-
tion provides an organic electroluminescent display de-
vice; the organic electroluminescent display device com-
prises a basal substrate and several pixel unit groups
arranged in a matrix on the basal substrate; each of the
pixel unit groups comprises a first pixel unit subgroup
and a second pixel unit subgroup; the first pixel unit sub-
group and the second pixel unit subgroup are arranged
along a first direction adjacent to each other, and com-
prise sub pixels with three different colors respectively;
wherein,

the first pixel unit subgroup comprises a sub pixel se-
quence in an order of a first sub pixel, a second sub pixel
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and a third sub pixel along a second direction;

the second pixel unit subgroup comprises a sub pixel
sequence in an order of the third sub pixel, the first sub
pixel and the second sub pixel along the second direction;
in the same pixel unit group, the component of the dis-
tance between centers of two adjacent first sub pixels
respectively located in the first pixel unit subgroup and
the second pixel unit subgroup in the second direction,
the component of the distance between centers of two
adjacent second sub pixels respectively located in the
first pixel unit subgroup and the second pixel unit sub-
group in the second direction, and the component of the
distance between centers of two adjacent third sub pixels
respectively located in the first pixel unit subgroup and
the second pixel unit subgroup in the second direction,
are all equal.

[0010] Preferably, in the organic electroluminescent
display device provided by the embodiment of the
present invention, in the same pixel unit subgroup, the
distance between centers of two adjacent sub pixels is
constant.

[0011] Preferably, in the organic electroluminescent
display device provided by the embodiment of the
presentinvention, the sub pixels with the same color have
the same size.

[0012] Preferably, in the organic electroluminescent
display device provided by the embodiment of the
present invention, the first direction is perpendicular to
the second direction.

[0013] Preferably, to improve the resolution, in the
same pixel unit group, the component of the distance
between centers of two adjacent sub pixels with the same
color respectively located in the first pixel unit subgroup
and the second pixel unit subgroup in the first direction
is equal to or less than 3/4 of the component thereof in
the second direction.

[0014] Preferably, in the organic electroluminescent
display device provided by the embodiment of the
presentinvention, the first sub pixel, the second sub pixel
and the third sub pixel are selected from a group com-
prising red sub pixel, green sub pixel and blue sub pixel.
[0015] Preferably, in order to reduce the production
quantity of the metal mask plate, in the organic electro-
luminescent display device provided by the embodiment
of the present invention, in the same pixel unit group, all
the sub pixels have the same size.

[0016] Preferably, in order to prolong the lifetime of the
organic electroluminescent display device, in the organic
electroluminescent display device provided by the em-
bodiment of the present invention, in the same pixel unit
group, the size of the red sub pixel is same with the size
of the green sub pixel; the size of the blue sub pixel is
larger than the size of the red sub pixel.

[0017] Preferably,inorderto facilitate the arrangement
of contact holes connecting each sub pixel and the cor-
responding pixel circuit on the basal substrate, in the or-
ganic electroluminescent display device provided by the
embodiment of the present invention, the size of the third
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sub pixel is smaller than the size of the first sub pixel and
the size of the second sub pixel respectively.

[0018] Further, to ensure the resolution of the organic
electroluminescent display device, and in order to facili-
tate the arrangement of contact holes connecting each
sub pixel and the corresponding pixel circuit on the basal
substrate, in the organic electroluminescent display de-
vice provided by the embodiment of the present inven-
tion, in the same pixel unit group:

the component of the distance between centers of
two adjacent third sub pixels respectively located in
the first pixel unit subgroup and the second pixel unit
subgroup in the first direction is less than 3/4 of the
component thereof in the second direction;

the component of the distance between centers of
two adjacent first sub pixels respectively located in
the first pixel unit subgroup and the second pixel unit
subgroup in the first direction is equal to 3/4 of the
component thereof in the second direction;

the component of the distance between centers of
two adjacent second sub pixels respectively located
in the first pixel unit subgroup and the second pixel
unit subgroup in the first direction is equal to 3/4 of
the component thereof in the second direction.

[0019] Particularly, in order to facilitate the arrange-
ment of contact holes connecting each sub pixel and the
corresponding pixel circuit on the basal substrate, in the
organic electroluminescent display device provided by
the embodiment of the present invention, each of the
pixel unit groups further comprises contact holes one-to-
one corresponding to the sub pixels and pixel circuits,
each of the sub pixels being connected to a correspond-
ing pixel circuit through a corresponding contact hole;
wherein,

in the first pixel unit subgroup, a first contact hole is lo-
cated between the first sub pixel and the second sub
pixel, a second contact hole and a third contact hole are
respectively located on both sides of the third sub pixel
in the first direction;

in the second pixel unit subgroup, a fourth contact hole
is located between the first sub pixel and the second sub
pixel, a fifth contact hole and a sixth contact hole are
respectively located on both sides of the third sub pixel
in the first direction;

the first contact hole, the fifth contact hole and the sixth
contact hole are aligned in the first direction; the second
contact hole, the third contact hole and the fourth contact
hole are aligned in the first direction; the first contact hole
and the second contact hole are aligned in the second
direction; the fifth contact hole and the third contact hole
are aligned in the second direction; the sixth contact hole
and the fourth contact hole are aligned in the second
direction. In such a manner, the contact holes on the
basal substrate are arranged in a matrix, thereby reduc-
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ing the difficulty of back board wiring in the organic elec-
troluminescent display device.

[0020] Preferably, in order to ensure the display effect
of the organic electroluminescent display device, in the
organic electroluminescent display device provided by
the embodiment of the present invention, the third sub
pixel is a green sub pixel.

[0021] Preferably, in order to ensure a good aperture
ratio for the organic electroluminescent display device,
in the organic electroluminescent display device provid-
ed by the embodiment of the present invention, the third
sub pixel comprises a first portion extending along the
second direction, and an extending part extending along
the first direction from the first portion;

in the first pixel unit subgroup, the second contact hole
and the third contact hole are respectively located on
both sides of the first part of the third sub pixel; and the
extending part of the third sub pixel is at least located on
a side of the second contact hole;

in the second pixel unit subgroup, the fifth contact hole
and the sixth contact hole are respectively located on
both sides of the first part of the third sub pixel; and the
extending part of the third sub pixel is at least located on
a side of the sixth contact hole.

[0022] Preferably, in order to reduce the production
quantity of the metal mask plate, in the organic electro-
luminescent display device provided by the embodiment
of the present invention, the size of the blue sub pixel is
larger than the size of the red sub pixel.

[0023] Preferably, in order to ensure the lifetime of the
organic electroluminescent display device, in the organic
electroluminescent display device provided by the em-
bodiment of the present invention, the size of the blue
sub pixel is equal to the size of the red sub pixel.
[0024] Preferably, in order to facilitate the implemen-
tation, in the organic electroluminescent display device
provided by the embodiment of the present invention, the
shape of each sub pixel is rectangle.

[0025] Accordingly, an embodiment of the present in-
vention provides a driving method for any one of the
above mentioned organic electroluminescent display de-
vices, wherein the driving method comprises: in the same
pixel unit group, the first pixel unit subgroup and the sec-
ond pixel unit subgroup share at least one sub pixel.
[0026] Accordingly, an embodiment of the present in-
vention provides a display device, wherein the display
device comprises any one of the above mentioned or-
ganic electroluminescent display devices.

[0027] According to the organic electroluminescent
display device, the driving method thereof and the display
device provided by the embodiments of the present in-
vention, each of the pixel unit groups comprises a first
pixel unit subgroup and a second pixel unit subgroup;
the first pixel unit subgroup and the second pixel unit
subgroup are arranged along a first direction adjacent to
each other, and comprise sub pixels with three different
colors respectively; wherein the first pixel unit subgroup
comprises a sub pixel sequence in an order of a first sub
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pixel, a second sub pixel and a third sub pixel along a
second direction; the second pixel unit subgroup com-
prises a sub pixel sequence in an order of the third sub
pixel, the first sub pixel and the second sub pixel along
the second direction; in the same pixel unit group, the
component of the distance between centers of two adja-
cent first sub pixels respectively located in the first pixel
unit subgroup and the second pixel unit subgroup in the
second direction, the component of the distance between
centers of two adjacent second sub pixels respectively
located in the first pixel unit subgroup and the second
pixel unit subgroup in the second direction, and the com-
ponent of the distance between centers of two adjacent
third sub pixels respectively located in the first pixel unit
subgroup and the second pixel unit subgroup in the sec-
ond direction, are all equal. In such a manner, the regular
staggered arrangement of sub pixels with the same color
on the basal substrate can be ensured. During the man-
ufacture of a corresponding metal mask plate, the dis-
tance between adjacent openings corresponding to the
sub pixels with the same color in the metal mask plate
canberelatively large, improving the strength of the metal
mask plate; this is beneficial for manufacturing small-
sized sub pixels, thereby further improving the resolution
of the organic electroluminescent display device.

BRIEF DESCRIPTION OF THE DRAWINGS
[0028]

Fig. 1 is a structural schematic diagram of a pixel
arrangement in an existing organic electrolumines-
cent display device;

Fig. 2 shows a metal mask plate used for manufac-
turing an organic electroluminescent display device
shown in Fig. 1;

Fig. 3 shows another metal mask plate used for man-
ufacturing an organic electroluminescent display de-
vice shown in Fig. 1;

Fig. 4 is a first structural schematic diagram of an
organic electroluminescent display device provided
by an embodiment of the present invention;

Fig. 5is afirst structural schematic diagram of a pixel
unit group in the organic electroluminescent display
device provided by an embodiment of the present
invention;

Fig. 6 shows a metal mask plate used for manufac-
turing an organic electroluminescent display device
shown in Fig. 4;

Fig. 7 is a second structural schematic diagram of
another pixel unit group in the organic electrolumi-
nescent display device provided by an embodiment
of the present invention;

Fig. 8 is a second structural schematic diagram of
an organic electroluminescentdisplay device provid-
ed by an embodiment of the present invention;

Fig. 9 is a third structural schematic diagram of an
organic electroluminescent display device provided
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by an embodiment of the present invention;

Fig. 10 is a fourth structural schematic diagram of
an organic electroluminescentdisplay device provid-
ed by an embodiment of the present invention;

Fig. 11 is a third structural schematic diagram of an-
other pixel unit group in the organic electrolumines-
cent display device provided by an embodiment of
the present invention;

Fig. 12 is a fifth structural schematic diagram of an
organic electroluminescent display device provided
by an embodiment of the present invention;

Fig. 13 is a fourth structural schematic diagram of
another pixel unit group in the organic electrolumi-
nescent display device provided by an embodiment
of the present invention;

Fig. 14 is a fifth structural schematic diagram of an-
other pixel unit group in the organic electrolumines-
cent display device provided by an embodiment of
the present invention;

Fig. 15 is a sixth structural schematic diagram of an-
other pixel unit group in the organic electrolumines-
cent display device provided by an embodiment of
the present invention;

Fig. 16 is a seventh structural schematic diagram of
another pixel unit group in the organic electrolumi-
nescent display device provided by an embodiment
of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0029] In the following, the implementations of the or-
ganic electroluminescent display device, the driving
method thereof and the display device provided by the
embodiments of the invention will be described clearly
and completely in connection with the drawings.

[0030] The shapes and thickness of the film layer in
the drawings do not reflect the real scale of the organic
electroluminescent display device, but to schematically
illustrate the content of the invention.

[0031] An embodiment of the present invention pro-
vides an organic electroluminescent display device; as
shown in Fig. 4, the organic electroluminescent display
device comprises a basal substrate 10 and several pixel
unitgroups 11 arranged in a matrix on the basal substrate
10 (wherein a structural schematic diagram of a pixel unit
group is shown in Fig. 5); each of the pixel unit groups
11 comprises afirst pixel unit subgroup 111 and a second
pixel unit subgroup112; the first pixel unit subgroup 111
and the second pixel unit subgroup 112 are arranged
along a first direction X adjacent to each other, and com-
prise sub pixels with three different colors respectively;
wherein,

the first pixel unit subgroup 111 comprises a sub pixel
sequence in an order of a first sub pixel 01, a second sub
pixel 02 and a third sub pixel 03 along a second direction
Y;

the second pixel unit subgroup 112 comprises a sub pixel
sequence in an order of the third sub pixel 03, the first
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sub pixel 01 and the second sub pixel 02 along the second
direction;

in the same pixel unit group 11, the component y of the
distance between centers of two adjacent first sub pixels
01 respectively located in the first pixel unit subgroup 111
and the second pixel unit subgroup 112 in the second
direction Y, the component y of the distance between
centers of two adjacent second sub pixels 02 respectively
located in the first pixel unit subgroup 111 and the second
pixel unit subgroup 112 in the second direction Y, and
the component y of the distance between centers of two
adjacent third sub pixels 03 respectively located in the
first pixel unit subgroup 111 and the second pixel unit
subgroup 112 in the second direction Y, are all equal.
[0032] In the organic electroluminescent display de-
vice provided by the embodiment of the present inven-
tion, each of the pixel unit groups comprises a first pixel
unit subgroup and a second pixel unit subgroup; the first
pixel unit subgroup and the second pixel unit subgroup
are arranged along afirst direction adjacentto each other,
and comprise sub pixels with three different colors re-
spectively; wherein the first pixel unit subgroup compris-
es a sub pixel sequence in an order of a first sub pixel,
a second sub pixel and a third sub pixel along a second
direction; the second pixel unit subgroup comprises a
sub pixel sequence in an order of the third sub pixel, the
first sub pixel and the second sub pixel along the second
direction; in the same pixel unit group, the component of
the distance between centers of two adjacent first sub
pixels respectively located in the first pixel unit subgroup
and the second pixel unit subgroup in the second direc-
tion, the component of the distance between centers of
two adjacent second sub pixels respectively located in
the first pixel unit subgroup and the second pixel unit
subgroup in the second direction, and the component of
the distance between centers of two adjacent third sub
pixels respectively located in the first pixel unit subgroup
and the second pixel unit subgroup in the second direc-
tion, are all equal. In such a manner, the regular stag-
gered arrangement of sub pixels with the same color on
the basal substrate can be ensured. During the manu-
facture of a corresponding metal mask plate, as shown
in Fig. 6 (which shows a schematic diagram of the open-
ings in a metal mask plate corresponding to the sub pixels
with the same color), the distance between adjacent
openings 12 corresponding to the sub pixels with the
same colorinthe metal mask plate can berelatively large,
and the distance between adjacent openings 12 corre-
sponding to the sub pixels with different colors in the met-
al mask plate can be relatively uniform, improving the
strength of the metal mask plate; this is beneficial for
manufacturing small-sized sub pixels, thereby further im-
proving the resolution of the organic electroluminescent
display device.

[0033] Preferably, in the organic electroluminescent
display device provided by the embodiment of the
present invention, as shown in Fig. 5, in the same pixel
unit subgroup, the distance between centers of two ad-
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jacent sub pixels is constant, i.e., the components z in
the second direction Y are the same.

[0034] Preferably, in the organic electroluminescent
display device provided by the embodiment of the
presentinvention, as shown in Fig. 5, the sub pixels with
the same color have the same size. Since the sub pixels
with the same color have the same size, the difficulty of
manufacturing the metal mask plate can be further re-
duced.

[0035] Preferably, in the organic electroluminescent
display device provided by the embodiment of the
present invention, the first direction is perpendicular to
the second direction. In the embodiments of the present
invention, the examples are all illustrated with the first
direction being perpendicular to the second direction.
[0036] Particularly, in an implementation, the row di-
rection or the column direction of the organic electrolu-
minescent display device can be selected as the first di-
rection; the column direction or the row direction of the
organic electroluminescent display device can be select-
ed as the second direction.

[0037] Preferably, in the organic electroluminescent
display device provided by the embodiment of the
present invention, as shown in Fig. 7, in the same pixel
unit group, the component x of the distance between
centers of two adjacent sub pixels with the same color
respectively located in the first pixel unit subgroup 111
and the second pixel unit subgroup 112 in the first direc-
tionis equal to orless than 3/4 of the component y thereof
in the second direction. By reducing the width of each
pixel unit group in the first direction, the number of pixel
unitgroups on the display device can be increased, there-
by improving the pixel resolution. Further, in the same
pixel unit group, the first pixel unit subgroup and the sec-
ond pixel unit subgroup share sub pixel(s) (e.g., any two
adjacent sub pixels in the first pixel unit subgroup share
a sub pixel in the second pixel unit subgroup with a dif-
ferent color from those of the two adjacent sub pixels;
any two adjacent sub pixels in the second pixel unit sub-
group share a sub pixel in the first pixel unit subgroup
with a different color from those of the two adjacent sub
pixels), thereby improving the virtual display resolution
of the screen. For example, when the original number of
pixels is N, N is an integer equal to or greater than 2, the
number of pixels can be increased to 3N/2 when the
method of sharing sub pixels in the same pixel unit group
is applied in the organic electroluminescent display de-
vice of the present invention.

[0038] Preferably, in the organic electroluminescent
display device provided by the embodiment of the
presentinvention, the first sub pixel, the second sub pixel
and the third sub pixel are selected from a group com-
prising red (R) sub pixel, green (G) sub pixel and blue
(B) sub pixel. In the embodiments of the present inven-
tion, the first sub pixel can be one of a red (R) sub pixel,
green (G) sub pixel and blue (B) sub pixel, the second
sub pixel can be one of a red (R) sub pixel, green (G)
sub pixel and blue (B) sub pixel, the first sub pixel can
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be one of a red (R) sub pixel, green (G) sub pixel and
blue (B) sub pixel; moreover, the colors of the first sub
pixel, the second sub pixel and the third sub pixel are all
different.

[0039] Further, in order to reduce the production quan-
tity of the metal mask plate, in the organic electrolumi-
nescent display device provided by the embodiment of
the present invention, in the same pixel unit group, all
the sub pixels have the same size. In such a manner, in
the organic electroluminescent display device, the ar-
rangement of the sub pixels with the same color presents
the same regularity; moreover, the size of the pixels are
the same, i.e., the regularities for the arrangements of
the three types of the sub pixels with different colors are
the same. Therefore, the same one metal mask plate can
be used during the manufacture of the sub pixels with
different colors, thereby reducing the production quantity
of the metal mask plate.

[0040] Preferably, in order to prolong the lifetime of the
organic electroluminescent display device, in the organic
electroluminescent display device provided by the em-
bodiment of the present invention, as shown in Fig. 8, in
the same pixel unit group, the size of the red (R) sub pixel
is same with the size of the green (G) sub pixel; the size
of the blue (B) sub pixel is larger than the size of the red
(R) sub pixel. Since the lifetime of the blue luminescent
material for manufacturing the blue (B) sub pixel is gen-
erally the lowest, the lifetime of the organic electrolumi-
nescent display device mainly depends on that of the
blue (B) sub pixel. To achieve the same display bright-
ness, the brightness of the blue (B) sub pixel can be re-
duced when size of the blue (B) sub pixel is increased.
By decreasing the current density flowing through the
blue (B) sub pixels, the lifetime of the blue sub pixels can
be prolonged, thereby prolonging the lifetime of the or-
ganic electroluminescent display device.

[0041] Particularly, to enable the light emitting of the
sub pixels in the organic electroluminescent display de-
vice, pixel circuits are required for driving the sub pixels
to emit light. The pixel circuit is generally located below
the light emitting layer, and the pixel circuit is electrically
connected with the anode of the corresponding sub pixel
through a contact hole on a planarization layer over the
pixel circuit.

[0042] Therefore, preferably, in the organic electrolu-
minescent display device provided by the embodiment
of the present invention, as shown in Fig. 9 and Fig. 10,
the size of the third sub pixel 03 is smaller than the size
of the first sub pixel 01 and the size of the second sub
pixel 02 respectively. Since the third sub pixel 03 is the
smallest, contact holes can be arranged on both sides
of the third sub pixel 03.

[0043] Further, in order to facilitate the manufacture of
contact holes connecting each sub pixel and the corre-
sponding pixel circuit on the basal substrate, in the or-
ganic electroluminescent display device provided by the
embodiment of the present invention, as shown in Fig.
11, in the same pixel unit group 11:
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the component x of the distance between centers of
two adjacent third sub pixels 03 respectively located
in the first pixel unit subgroup 111 and the second
pixel unit subgroup 112 in the first direction X is less
than 3/4 of the component x thereof in the second
direction;

the component of the distance between centers of
two adjacent first sub pixels 01 respectively located
in the first pixel unit subgroup 111 and the second
pixel unit subgroup 112 in the first direction X is equal
to 3/4 of the component y thereof in the second di-
rection;

the component of the distance between centers of
two adjacent second sub pixels 02 respectively lo-
cated in the first pixel unit subgroup 111 and the sec-
ond pixel unit subgroup 112 in the first direction X is
equal to 3/4 of the componenty thereof in the second
direction.

[0044] Particularly, in the organic electroluminescent
display device provided by the embodiment of the
present invention, as shown in Fig. 12, each of the pixel
unit groups 11 further comprises contact holes one-to-
one corresponding to the sub pixels and pixel circuits
(not shown in Fig. 12), each of the sub pixels being con-
nected to a corresponding pixel circuit through a corre-
sponding contact hole; wherein,

in the first pixel unit subgroup 111, afirst contact hole V1
is located between the first sub pixel 01 and the second
sub pixel 02, a second contact hole V2 and a third contact
hole V3 are respectively located on both sides of the third
sub pixel 03 in the first direction X;

in the second pixel unit subgroup 112, a fourth contact
hole V4 is located between the first sub pixel 01 and the
second sub pixel 02, a fifth contact hole V5 and a sixth
contact hole V6 are respectively located on both sides
of the third sub pixel 03 in the first direction X;

the first contact hole V1, the fifth contact hole V5 and the
sixth contact hole V6 are aligned in the first direction X;
the second contact hole V2, the third contact hole V3 and
the fourth contact hole V4 are aligned in the first direction
X; the first contact hole V1 and the second contact hole
V2 are aligned in the second direction Y; the fifth contact
hole V5 and the third contact hole V3 are aligned in the
second direction Y; the sixth contact hole V6 and the
fourth contact hole V4 are aligned in the second direction
Y. In such a manner, the contact holes on the basal sub-
strate are arranged in a matrix, thereby reducing the dif-
ficulty of back board wiring in the organic electrolumines-
cent display device.

[0045] It should be noted that, in the organic electro-
luminescent display device provided by the embodiment
of the present invention, in each pixel unit group, the first
contact hole corresponds to one of two sub pixels adja-
cent to the first contact hole in the first pixel unit subgroup;
the other one of these two sub pixels adjacent to the first
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contact hole corresponds to the fifth contact hole; the
second contact hole corresponds to the third sub pixel in
the first pixel unit subgroup; the fourth contact hole cor-
responds to one of two sub pixels adjacent to the fourth
contact hole in the second pixel unit subgroup; the other
one of these two sub pixels adjacent to the fourth contact
hole corresponds to the third contact hole; the sixth con-
tact hole corresponds to the third sub pixel in the second
pixel unit subgroup.

[0046] Further, to reduce the difficulty in the manufac-
ture, in the organic electroluminescent display device
provided by the embodiment of the present invention, the
sizes of the contact holes are the same.

[0047] Preferably, in the organic electroluminescent
display device provided by the embodiment of the
present invention, as shown in Fig. 13, according to the
lifetime and display effect of the sub pixels with different
colors, the third sub pixel 03 is a green (G) sub pixel. In
this way, the size of the green sub pixel is smaller than
the size of the red sub pixel and the size of the blue sub
pixel respectively.

[0048] Further, in orderto ensure a good aperture ratio
for the organic electroluminescent display device, in the
organic electroluminescent display device provided by
the embodiment of the present invention, as shown in
Fig. 15 and Fig. 16, the third sub pixel 03 comprises a
first portion 031 extending along the second direction Y,
and an extending part 032 extending along the first di-
rection X from the first portion 031; wherein the wording
"along a direction" can also be construed as "substan-
tially parallel to a direction";

in the first pixel unit subgroup 111, the second contact
hole V2 and the third contact hole V3 are respectively
located on both sides of the first part 031 of the third sub
pixel 03; and the extending part 032 of the third sub pixel
03 is at least located on a side of the second contact hole
V2;

in the second pixel unit subgroup 112, the fifth contact
hole V5 and the sixth contact hole V6 are respectively
located on both sides of the first part 031 of the third sub
pixel 03; and the extending part 032 of the third sub pixel
03 is at least located on a side of the sixth contact hole
V6. Inthis way, the light emitting area of the third sub pixel
can be increased without affecting the arrangement of
the contact holes, thereby increasing the aperture ratio
for the organic electroluminescent display device.
[0049] Preferably, in order to reduce the production
quantity of the metal mask plate, in the organic electro-
luminescent display device provided by the embodiment
of the present invention, as shown in Fig. 13, the size of
the blue (B) sub pixel is larger than the size of the red
(R) sub pixel.

[0050] Or, preferably, in order to ensure the lifetime of
the organic electroluminescent display device, in the or-
ganic electroluminescent display device provided by the
embodiment of the present invention, as shown in Fig.
14, the size of the blue (B) sub pixel is equal to the size
of the red (R) sub pixel.
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[0051] Preferably, in the organic electroluminescent
display device provided by the embodiment of the
present invention, the shape of each sub pixel is rectan-
gle, which is not limited herein.

[0052] Based on the same inventive concept, an em-
bodiment of the present invention provides a driving
method for any one of the above mentioned organic elec-
troluminescent display devices, wherein the driving
method comprises: in the same pixel unit group, the first
pixel unit subgroup and the second pixel unit subgroup
share at least one sub pixel. For example, the first sub
pixel in the first pixel unit subgroup and the second sub
pixel in the second pixel unit subgroup share the third
sub pixel in the second pixel unit subgroup; or, the second
sub pixel and the third sub pixel in the first pixel unit sub-
group share the first sub pixel in the second pixel unit
subgroup; or, the first sub pixel and the second sub pixel
in the second pixel unit subgroup share the third sub pixel
in the first pixel unit subgroup; or, the first sub pixel and
the third sub pixel in the second pixel unit subgroup share
the second sub pixel in the first pixel unit subgroup. In
such a manner, by applying the method of sharing sub
pixels for the same pixel unit group, for example, when
the original number of pixels is N, N is an integer equal
to or greater than 2, the number of pixels can beincreased
to 3N/2, thereby improving the virtual display resolution
of the screen.

[0053] By applying the method of sharing sub pixels
for the same pixel unit group, the driving method provided
by the embodiment of the present invention can improve
the virtual display resolution of the screen, with the
number of the original pixels being increased to 3/2 times.
[0054] Based on the same inventive concept, an em-
bodiment of the present invention provides a display de-
vice, wherein the display device comprises any one of
the above mentioned organic electroluminescent display
devices. The display device can be any product or com-
ponent with display function, such as mobile phone, tab-
let computer, TV, display, notebook computer, digital
photo frame, navigator and so on. Other essential parts
for the display device should be construed as be com-
prised in the display device, which are not repeated here-
in, and can not be used to limit the presentinvention. The
implementation of the display device can refer to the em-
bodiments of the above mentioned organic electrolumi-
nescent display devices, which will not be repeated here-
in.

[0055] According to the organic electroluminescent
display device, the driving method thereof and the display
device provided by the embodiments of the present in-
vention, each of the pixel unit groups comprises a first
pixel unit subgroup and a second pixel unit subgroup;
the first pixel unit subgroup and the second pixel unit
subgroup are arranged along a first direction adjacent to
each other, and comprise sub pixels with three different
colors respectively; wherein the first pixel unit subgroup
comprises a sub pixel sequence in an order of a first sub
pixel, a second sub pixel and a third sub pixel along a
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second direction; the second pixel unit subgroup com-
prises a sub pixel sequence in an order of the third sub
pixel, the first sub pixel and the second sub pixel along
the second direction; in the same pixel unit group, the
component of the distance between centers of two adja-
cent first sub pixels respectively located in the first pixel
unit subgroup and the second pixel unit subgroup in the
second direction, the component of the distance between
centers of two adjacent second sub pixels respectively
located in the first pixel unit subgroup and the second
pixel unit subgroup in the second direction, and the com-
ponent of the distance between centers of two adjacent
third sub pixels respectively located in the first pixel unit
subgroup and the second pixel unit subgroup in the sec-
ond direction, are all equal. In such a manner, the regular
staggered arrangement of sub pixels with the same color
on the basal substrate can be ensured. During the man-
ufacture of a corresponding metal mask plate, the dis-
tance between adjacent openings corresponding to the
sub pixels with the same color in the metal mask plate
canberelatively large, improving the strength of the metal
mask plate; this is beneficial for manufacturing small-
sized sub pixels, thereby further improving the resolution
of the organic electroluminescent display device.

[0056] The embodiments of the present invention pro-
vide an organic electroluminescent display device, a driv-
ing method thereof and a display device. Each of the
pixel unit groups comprises a first pixel unit subgroup
and a second pixel unit subgroup; the first pixel unit sub-
group and the second pixel unit subgroup are arranged
along a first direction adjacent to each other, and com-
prise sub pixels with three different colors respectively;
wherein the first pixel unit subgroup comprises a sub pixel
sequence in an order of a first sub pixel, a second sub
pixel and a third sub pixel along a second direction; the
second pixel unit subgroup comprises a sub pixel se-
quence in an order of the third sub pixel, the first sub
pixel and the second sub pixel along the second direction;
in the same pixel unit group, the component of the dis-
tance between centers of two adjacent first sub pixels
respectively located in the first pixel unit subgroup and
the second pixel unit subgroup in the second direction,
the component of the distance between centers of two
adjacent second sub pixels respectively located in the
first pixel unit subgroup and the second pixel unit sub-
group in the second direction, and the component of the
distance between centers of two adjacent third sub pixels
respectively located in the first pixel unit subgroup and
the second pixel unit subgroup in the second direction,
are all equal. In such a manner, the regular staggered
arrangement of sub pixels with the same color on the
basal substrate can be ensured. During the manufacture
of a corresponding metal mask plate, the distance be-
tween adjacent openings corresponding to the sub pixels
with the same color in the metal mask plate can be rel-
atively large, improving the strength of the metal mask
plate; this is beneficial for manufacturing small-sized sub
pixels, thereby further improving the resolution of the or-



15 EP 3 214 650 A1 16

ganic electroluminescent display device.

[0057] Apparently, the person skilled in the art may
make various alterations and variations to the invention
without departing the spirit and scope of the invention.
As such, provided that these modifications and variations
of the invention pertain to the scope of the claims of the
invention and their equivalents, the invention is intended
to embrace these alterations and variations.

Claims

1. An organic electroluminescent display device;
wherein the organic electroluminescent display de-
vice comprises a basal substrate and several pixel
unit groups arranged in a matrix on the basal sub-
strate; each of the pixel unit groups comprises a first
pixelunit subgroup and a second pixel unit subgroup;
the first pixel unit subgroup and the second pixel unit
subgroup are arranged along a first direction adja-
cent to each other, and comprise sub pixels with
three different colors respectively; wherein,
the first pixel unit subgroup comprises a sub pixel
sequence in an order of a first sub pixel, a second
sub pixel and a third sub pixel along a second direc-
tion;
the second pixel unit subgroup comprises a sub pixel
sequence in an order of the third sub pixel, the first
sub pixel and the second sub pixel along the second
direction;
in the same pixel unit group, the component of the
distance between centers of two adjacent first sub
pixels respectively located in the first pixel unit sub-
group and the second pixel unit subgroup in the sec-
ond direction, the component of the distance be-
tween centers of two adjacent second sub pixels re-
spectively located in the first pixel unit subgroup and
the second pixel unit subgroup in the second direc-
tion, and the component of the distance between
centers of two adjacent third sub pixels respectively
located in the first pixel unit subgroup and the second
pixel unit subgroup in the second direction, are all
equal.

2. The organic electroluminescent display device ac-
cording to claim 1, wherein in the same pixel unit
subgroup, the distance between centers of two ad-
jacent sub pixels is constant.

3. The organic electroluminescent display device ac-
cording to claim 1, wherein the sub pixels with the
same color have the same size.

4. The organic electroluminescent display device ac-
cording to claim 1, wherein the first direction is per-

pendicular to the second direction.

5. The organic electroluminescent display device ac-
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10.

1.

cording to claim 1, wherein in the same pixel unit
group, the component of the distance between cent-
ers of two adjacent sub pixels with the same color
respectively located in the first pixel unit subgroup
and the second pixel unit subgroup in the first direc-
tion is equal to or less than 3/4 of the component
thereof in the second direction.

The organic electroluminescent display device ac-
cording to any one of claims 1-5, wherein the first
sub pixel, the second sub pixel and the third sub pixel
are selected from a group comprising red sub pixel,
green sub pixel and blue sub pixel.

The organic electroluminescent display device ac-
cording to claim 6, wherein in the same pixel unit
group, all the sub pixels have the same size.

The organic electroluminescent display device ac-
cording to claim 6, wherein in the same pixel unit
group, the size of the red sub pixel is same with the
size of the green sub pixel; the size of the blue sub
pixel is larger than the size of the red sub pixel.

The organic electroluminescent display device ac-
cording to claim 6, wherein the size of the third sub
pixel is smaller than the size of the first sub pixel and
the size of the second sub pixel respectively.

The organic electroluminescent display device ac-
cording to claim 9, wherein in the same pixel unit
group:

the component of the distance between centers
of two adjacent third sub pixels respectively lo-
cated in the first pixel unit subgroup and the sec-
ond pixel unit subgroup in the first direction is
less than 3/4 of the component thereof in the
second direction;

the component of the distance between centers
of two adjacent first sub pixels respectively lo-
cated in the first pixel unit subgroup and the sec-
ond pixel unit subgroup in the first direction is
equal to 3/4 of the component thereof in the sec-
ond direction;

the component of the distance between centers
of two adjacent second sub pixels respectively
located in the first pixel unit subgroup and the
second pixel unit subgroup in the first direction
is equal to 3/4 of the component thereof in the
second direction.

The organic electroluminescent display device ac-
cording to claim 10, wherein each of the pixel unit
groups further comprises contact holes one-to-one
corresponding to the sub pixels and pixel circuits,
each of the sub pixels being connected to a corre-
sponding pixel circuit through a corresponding con-
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tact hole; wherein,

in the first pixel unit subgroup, a first contact hole is
located between the first sub pixel and the second
sub pixel, a second contact hole and a third contact
hole are respectively located on both sides of the
third sub pixel in the first direction;

in the second pixel unit subgroup, a fourth contact
hole is located between the first sub pixel and the
second sub pixel, a fifth contact hole and a sixth con-
tact hole are respectively located on both sides of
the third sub pixel in the first direction;

the first contact hole, the fifth contact hole and the
sixth contact hole are aligned in the first direction;
the second contact hole, the third contact hole and
the fourth contact hole are aligned in the first direc-
tion; the first contact hole and the second contact
hole are aligned in the second direction; the fifth con-
tact hole and the third contact hole are aligned in the
second direction; the sixth contact hole and the
fourth contact hole are aligned in the second direc-
tion.

The organic electroluminescent display device ac-
cording to claim 11, wherein the third sub pixel is a
green sub pixel.

The organic electroluminescent display device ac-
cording to claim 11, wherein the third sub pixel com-
prises a first portion extending along the second di-
rection, and an extending part extending along the
first direction from the first portion;

in the first pixel unit subgroup, the second contact
hole and the third contact hole are respectively lo-
cated on both sides of the first part of the third sub
pixel; and the extending part of the third sub pixel is
at least located on a side of the second contact hole;
in the second pixel unit subgroup, the fifth contact
hole and the sixth contact hole are respectively lo-
cated on both sides of the first part of the third sub
pixel; and the extending part of the third sub pixel is
at least located on a side of the sixth contact hole.

The organic electroluminescent display device ac-
cording to claim 12, wherein the size of the blue sub
pixel is larger than the size of the red sub pixel.

The organic electroluminescent display device ac-
cording to claim 12, wherein the size of the blue sub
pixel is equal to the size of the red sub pixel.

The organic electroluminescent display device ac-
cording to any one of claims 1-5, wherein the shape
of each sub pixel is rectangle.

A driving method for the organic electroluminescent
display device according to any one of claims 1-16,
wherein the driving method comprises: in the same
pixel unit group, the first pixel unit subgroup and the
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10

second pixel unit subgroup share at least one sub
pixel.

18. A display device, wherein the display device com-

prises the organic electroluminescent display device
according to any one of claims 1-16.
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