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(57) ABSTRACT

A display substrate and a driving method thereof, and a dis-
play apparatus are provide. The display substrate includes an
array of a plurality of sub-pixels having at least two colors,
wherein the sub-pixels of each color constitute a plurality of
sub-pixel sets, each of the sub-pixel sets includes at least two
sub-pixels of the same color and arranged adjacently in a first
direction, and sub-pixel sets of different colors are arranged
alternately in the first direction. The display substrate may be
applied to display devices, particularly to organic light emit-
ting diode display devices using different organic light emit-
ting layer materials for different sub-pixels.

(

%VJ/*QZ

; P
5 \'\'w,.,:) M\\,/f
g 81 81

!
“\\’. }

81



Patent Application Publication =~ May 28, 2015 Sheet 1 of 4 US 2015/0144893 A1

92 91

e
e

"9

Figure 1

Figure 2



Patent Application Publication =~ May 28, 2015 Sheet 2 of 4 US 2015/0144893 A1

Figure 3

.l
[

_‘WJ/KQZ

, . P
5 x.\'\..‘ ;}1 “‘x\i ] ,)l \H\\ ) /,f
g 8 81 8l

Figure 4



Patent Application Publication =~ May 28, 2015 Sheet 3 of 4 US 2015/0144893 A1

%BBRRGGBBRRGGR

ERVARVARY.
g 81

Figure 5-1

=
=
[*p]
(o9}
we)
=
==
=
(=]
o
o]
I

=
=
o)
o
w
o
=
=
@
o
o

=i

s TN i i I
[
=
=
=
=~
o
o
we]
jwe]
=
=
[#p]
i WP,

RRGGBBRRGGBBR

IRCARYARY
g 8 81 8l

Figure 6



Patent Application Publication =~ May 28, 2015 Sheet 4 of 4 US 2015/0144893 A1

?1 ?l 31
'//)L L ) 'f”/]

RIR|G|G|B|B|R|R|G|G|B|B

I . 1T 4\ ,
R S s T
L L L
1 1 1
Figure 7

Figure 8



US 2015/0144893 Al

DISPLAY SUBSTRATE AND DRIVING
METHOD THEREOF, DISPLAY APPARATUS

TECHNICAL FIELD

[0001] Embodiments of the present invention relate to a
display substrate and a driving method thereof, as well as a
display apparatus.

BACKGROUND

[0002] As shown in FIG. 1, each pixel unit 1 of an organic
light emitting diode (OLED) display device (i.e., a “dot” on
the display screen) consists of a plurality of adjacent sub-
pixels 8 in a same line, while each sub-pixel 8 includes one
light emitting diode (LED). various sub-pixels 8 emit light of
different colors (for example, in RGB mode, each pixel unit 1
consists of three sub-pixels R, G and B emitting red, green
and blue light). To allow sub-pixels 8 to emit light of different
colors, one way is to make all sub-pixels 8 of an OLED to emit
white light and filters of different colors are disposed in
sub-pixels 8 for filtering at the same time; however, a more
typical method is to use different organic light emitting layer
materials in organic light emitting diodes of different sub-
pixels 8, allowing the organic light emitting diodes to emit
light of different colors directly.

[0003] Foran OLED display device using different organic
light emitting layer materials for various sub-pixels 8, it is
understood that organic light emitting layers of sub-pixels 8
of different colors need to be manufactured separately in
different evaporation processes (however, other structures
such as electrodes in sub-pixels 8 may be formed at the same
time). As shown in FIG. 1, when evaporating an organic light
emitting layer of a sub-pixel 8 of a certain color, a barrier
section 91 of the evaporation mask 9 (FFM) is used to shield
other sub-pixels 8, so as to allow the organic light emitting
layer material to be deposited on the desired sub-pixel 8 viaan
opening 92 (in the column direction, sub-pixels 8 of the same
color are aligned in one column, and their organic light emit-
ting layers are connected together, thus no barrier section 91
is needed).

[0004] As shown in FIG. 2, the barrier section 91 has a
width c=(b+2dxtan &), wherein b is a width of the middle part
of the barrier section 91, d is the thickness of the evaporation
mask 9 and a is the slope angle of the barrier section 91. In
order to guarantee a good shielding effect, a of the evapora-
tion mask 9 is generally kept at 40~60 degrees. At the same
time, due to the limitations of the conventional manufacturing
process, it is difficult to obtain d less than 30 pm. Therefore
the minimum value of the width of the barrier section 91 is
also limited. Since the width of the barrier section 91 is the
space between sub-pixels 8 of the same color (for RGB mode,
it is the width of two sub-pixels 8), limitation on minimum
width of the barrier section 91 is equivalent to the limitation
on minimum size of the sub-pixel 8, resulting in limitation on
resolution (the number of pixel units 1 per unit size), and
hence impacting on the display quality.

[0005] In order to improve the resolution of an OLED dis-
play device, a Pentile arrangement of sub-pixels 8 has been
developed. In the Pentile arrangement, as shown in FIG. 3, the
number of red and blue sub-pixels R and B is reduced by one
half, and every red and blue sub-pixel R, B is “shared” by two
pixel units 1. As such, it is possible to increase the number of
pixel units 1 and enhance to increase the resolution while
keeping the number of the sub-pixels 8 unchanged. Obvi-
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ously, in the Pentile arrangement, the number of part of the
sub-pixels 8 (such as red and blue sub-pixels R, B) is reduced
and the shared sub-pixels 8 can not display contents of two
pixel units 1 accurately at the same time, it is necessary to
adjust areas of some sub-pixels 8 (for example, enlarge areas
of red and blue sub-pixels R and B) incorporating with certain
display algorithms (i.e., algorithms for calculating gray-
scales of sub-pixels 8) to guarantee that the display quality is
not degraded.

[0006] Theinventor notices at least the following problems
in conventional technology: the size of sub-pixels in Pentile
arrangement is stilled limited by the barrier area width of the
evaporation mask, and the size of sub-pixels is not decreased
(some even get larger), that is, this arrangement cannot
improve the resolution of an OLED display device essen-
tially.

SUMMARY

[0007] Embodiments of the present invention provide a
display substrate, a display apparatus and a display method
with high resolution.

[0008] According to a first aspect of the present invention,
a display substrate is provided, comprising an array of a
plurality of sub-pixels having at least two colors, wherein the
sub-pixels of each color constitute a plurality of sub-pixel
sets, each of the sub-pixel sets includes at least two sub-pixels
of the same color and arranged adjacently in a first direction,
and sub-pixel sets of different colors are arranged alternately
in the first direction.

[0009] The first direction is a row or column direction.
[0010] In an example, numbers of sub-pixels included in
each of the sub-pixel sets are identical.

[0011] In an example, each of the sub-pixel sets comprises
two sub-pixels.
[0012] In an example, the sub-pixel sets of different colors

are arranged alternately in the row direction; and the sub-
pixel sets of different colors are arranged alternately in the
column direction.

[0013] In an example, said display substrate is an OLED
display substrate, each of said sub-pixels includes an OLED,
OLED:s of sub-pixels with different colors have organic light
emitting layers of different materials, and OLEDs of sub-
pixels with the same color have organic light emitting layers
formed in a single evaporation process.

[0014] According to another aspect of the present inven-
tion, a method of driving the above described display sub-
strate is provided, comprising: providing a driving signal for
respective sub-pixels, so that they constitute a plurality of
pixel units for displaying, wherein each of the pixel units
includes one sub-pixel of each respective colors arranged in a
first direction.

[0015] In an example, said first direction is the row or
column direction.

[0016] In an example, at least some of the sub-pixels are
shared by two adjacent pixel units.

[0017] In an example, the display substrate includes sub-
pixels of three colors; and each pixel unit includes two adja-
cent sub-pixels and one sub-pixel spaced apart by one sub-
pixel from said two adjacent sub-pixels.

[0018] In an example, any one sub-pixel only belongs to
one pixel unit.
[0019] Inanexample, aplurality of sub-pixels of each pixel

unit are located in a plurality of adjacent sub-pixel sets,
respectively.
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[0020] According to yet another aspect of the present
invention, a display apparatus is provided, comprising: the
above described display substrate.

[0021] The present invention may be applied to display
devices, particularly to organic light emitting diode display
devices using different organic light emitting layer materials
for different sub-pixels.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Embodiments of the present invention will be
described in more detail below with reference to the accom-
panying drawings to allow one of ordinary skill in the art to
understand the present invention more clearly, in which:
[0023] FIG.1is a schematic diagram illustrating the corre-
spondence between an evaporation mask and conventional
sub-pixels;

[0024] FIG. 21is a sectional structural schematic view of an
evaporation mask;

[0025] FIG. 3is a schematic diagram of pixel units division
in one row of sub-pixels in a conventional Pentile arrange-
ment;

[0026] FIG. 4 is a schematic diagram showing correspon-
dence between an evaporation mask and sub-pixels of an
display substrate of an embodiment of the present invention,
wherein a mosaic-like arrangement of sub-pixel sets of the
substrate is shown at the same time;

[0027] FIG. 5-1 is a diagram illustrating another mosaic-
like arrangement of sub-pixel sets of the display substrate
according to an embodiment of the present invention;
[0028] FIG. 5-2 is a diagram illustrating yet another
mosaic-like arrangement of sub-pixel sets of the display sub-
strate according to an embodiment of the present invention;
[0029] FIG. 6is a diagram illustrating another arrangement
of sub-pixel sets of the display substrate according to an
embodiment of the present invention;

[0030] FIG.71is a schematic diagram illustrating pixel units
division in one row of sub-pixels of the display substrate of
embodiment 1 of the present invention;

[0031] FIG. 8 is a schematic diagram illustrating another
pixel units division in one row of sub-pixels of the display
substrate of embodiment 1 of the present invention.

[0032] Reference numerals in figures are: 1, pixel unit; 8§,
sub-pixel; 81, sub-pixel set; 9, evaporation mask; 91, barrier
section; and 92, opening.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0033] In order to make objects, technical details and
advantages of the embodiments of the invention apparent,
technical solutions according to the embodiments of the
present invention will be described clearly and completely as
below in conjunction with the accompanying drawings of
embodiments of the present invention. It is to be understood
that the described embodiments are only a part of but not all
of exemplary embodiments of the present invention. Based on
the described embodiments of the present invention, various
other embodiments and variants can be obtained by those of
ordinary skill in the art without creative labor and those
embodiments and variants shall fall into the protection scope
of the present invention.

[0034] Unless otherwise defined, all the technical and sci-
entific terms used herein have the same meanings as com-
monly understood by one of ordinary skill in the art to which
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the present invention belongs. The terms, such as “first,”
“second” or the like, which are used in the description and the
claims of the present application, are not intended to indicate
any sequence, amount or importance, but for distinguishing
various components. Also, the terms, such as “a/an,” “one,”
“the/said” or the like, are not intended to limit the amount, but
for indicating the existence of at lease one. The terms, such as
“comprise/comprising,” “include/including” or the like, are
intended to specify that the elements or the objects stated
before these terms encompass the elements or the objects and
equivalents thereof listed after these terms, but not preclude
other elements or objects. The terms, such as “On,” “under,”
or the like, are only used to indicate relative position relation-
ship, and when the position of the object which is described is
changed, the relative position relationship may be changed
accordingly.

[0035] According to an embodiment of the present inven-
tion, the display substrate includes an array of a plurality of
sub-pixel of at least two colors, and sub-pixels of each color
constitute a plurality of sub-pixel sets. Each of the sub-pixel
sets includes at least two sub-pixels of the same color and
arranged adjacently in a first direction, and sub-pixel sets of
different colors are arranged alternately in the first direction.
The first direction is the row or column direction. Herein, “the
first direction” refers to the row or column direction, that is, if
sub-pixels in each sub-pixel set are arranged adjacently inone
row (the first direction is the row direction), sub-pixel sets of
different colors are also arranged alternately in one row; if
sub-pixels in each sub-pixel set are arranged adjacently inone
column (the first direction is the column direction), sub-pixel
sets of different colors are also arranged alternately in one
column.

[0036] As shown in FIGS. 4 to 8, the display substrate
includes a substrate (e.g., a glass substrate, a quartz substrate,
or aplastic substrate), and a plurality of sub-pixels 8 arranged
on the substrate, which are arranged in matrix/array and
include at least two colors.

[0037] The display substrate of this embodiment is a RGB
mode, for example, namely, it includes three types of sub-
pixels 8, red (R), green (G) and blue (B).

[0038] Sub-pixels 8 of each color constitute a plurality of
“sub-pixel sets 817, and each includes at least two sub-pixels
8 of the same color and arranged adjacently in the same row;
sub-pixel sets 81 of different colors are arranged alternately
(for example, in a pattern of “red sub-pixel set 81—green
sub-pixel set 81—blue sub-pixel set 81—red sub-pixel set
81” or other sequential cycling pattern) into a row or a col-
umn. This embodiment is described with respect to the case in
which sub-pixel sets 81 of different colors are alternately
arranged into one row.

[0039] As can be seen in the figure, sub-pixels 8 are
arranged in a unit of “sub-pixel set 81, that is, sub-pixels 8 of
each color are no longer arranged individually, but arranged
in sets or groups. Thus, the number of sub-pixels 8 between
sub-pixels 8 of the same color (or sub-pixel sets 81) is
increased.

[0040] In an embodiment, every sub-pixel set 81 includes
the same number of sub-pixels 8. In this way, the total number
of sub-pixels 8 of various colors is the same. Therefore,
algorithm for display with them is relatively simple, and an
overall color deviation due to different number of sub-pixels
8 of a certain color and sub-pixels 8 of other colors need not
be considered.
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[0041] In an embodiment, each sub-pixel set 81 includes
two sub-pixels 8. Since contents displayed by sub-pixels 8 in
a pixel unit 1 need to be mixed to become a visible dot on the
display screen, distances between sub-pixels 8 in one pixel
unit 1 can not be too large, that is, the number of sub-pixels 8
in each sub-pixel set 81 cannot be too large. For example,
each sub-pixel set 81 includes two sub-pixels 8. As such, it is
easy to mix light during display and the display effect is good.
Ttis understood that the above color modes of sub-pixels 8 and
the number of sub-pixels 8 in each sub-pixel set 81 are only as
examples, and other different forms may be used. For
example, colors for sub-pixels 8 may also be of RGBW mode
(red, green, blue and white) or RGBY mode (red, green, blue
and yellow), while each sub-pixel set 81 may include three or
more sub-pixels 8.

[0042] In an embodiment, as shown in FIG. 4, sub-pixel
sets 81 of various colors in the column direction are arranged
alternately. That is, unlike the conventional technology, in the
display substrate of this embodiment, the colors of the same
column of sub-pixels 8 also change alternately rather than
being the same color, namely, with a sub-pixel set 81 as a
repetition unit, sub-pixel sets 81 of various colors may be
arranged in a mosaic-like manner, which means sub-pixel sets
81 of the same color are not adjacent. For example, if the
arrangement for the i row of sub-pixel sets 81 is cycling as
“red sub-pixel set 81—green sub-pixel set 81—blue sub-
pixel set 81—red sub-pixel set 817, the arrangement for the
i+17 row of sub-pixel sets 81 may be cycling as “green sub-
pixel set 81—blue sub-pixel set 81—red sub-pixel set
81—green sub-pixel set 817, and so on. It is understood that
the arrangement order of sub-pixel sets 81 of various colors in
the column direction may be the same as or different from the
arrangement order of sub-pixel sets 81 of various colors in the
row direction, and the present invention is not limited thereto.
By alternately changing colors of sub-pixels 8 in row direc-
tion and column direction, the overall light mixing may be
more uniform to achieve better display effect.

[0043] Furthermore, the arrangement of sub-pixel sets 81
can also be another type of mosaic-like arrangement, that is,
each row of sub-pixel sets 81 are disposed staggered by a
distance of one sub-pixel 8 with respect to the adjacent row(s)
of sub-pixel sets 81. Referring to FIGS. 5-1 and 5-2, for
example, if the arrangement of the i” row is a repetition of
RRGGBB, the arrangement for the i+1” row may be
BRRGGB (see FIG. 5-1) or RGGBBR (see FIG. 5-2), accord-
ingly. The arrangement for sub-pixel sets 81 may also be a
triangle arrangement, that is, sub-pixel sets of three colors
form a shape of a triangle. For example, referring to F1G. 6, if
the arrangement of the i” row is a repetition of RRGGBB,
then the arrangement for the i+1? row is GBBRRG. In this
arrangement, a single individual sub-pixel 8 rather than a
sub-pixel set 81 may appear at the beginning and the end of
some rows (odd numbered rows or even numbered rows). The
present invention is not limited to these arrangements, but it
can have many variants.

[0044] In an embodiment, the display substrate is an
organic light emitting diode (OLED) display substrate in
which each sub-pixel 8 is provided with an OLED, which
includes a cathode, an organic light emitting layer, and an
anode. And the organic light emitting layers in OLEDs of
sub-pixels 8 of different colors are made of different materi-
als. By means of the way in which sub-pixels 8 of the same
color constitute sub-pixel set(s) 81 in this embodiment,
organic light emitting layers in OLEDs of sub-pixels 8 of the
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same color may be formed in one evaporation process, so that
the evaporation process can be simplified. At the same time,
the problem that resolution cannot be improved significantly
due to the limitation of evaporation mask preparation process
may be addressed. The OLED display substrate may further
include other known features, such as gate lines, data lines,
thin film transistor driving array, pixel defining layer (PDL),
which are not described in detail herein.

[0045] Referring to FIG. 4 again, embodiment(s) of the
present invention will be described with sub-pixel sets 81
arranged in mosaic-like manner as an example, that is, a
sub-pixel set 81 of each color is surrounded by sub-pixel sets
81 of other colors. In the evaporation process of the display
substrate of this embodiment, each barrier section 91 of the
evaporation mask 9 corresponds to four (two sets of) sub-
pixels 8. Thus, for constant width of barrier section 9, the
width of'each sub-pixel 8 can be reduced to a half of that of the
conventional technology (since in the mask used in conven-
tional technology, each barrier section 91 may correspond to
two sub-pixels 8 in embodiment(s) of the present invention),
such that the size of the sub-pixels 8 is practically reduced,
resulting in an improved resolution. At the same time, an
opening 92 of the evaporation mask 9 may also correspond to
two sub-pixels 8 (that is, organic light emitting layers of
OLED:s of adjacent sub-pixels 8 of the same color are con-
nected together), therefore the size of openings 92 can be
larger, which facilitates the manufacture. Since the colors of
sub-pixels 8 in the column direction in the display substrate of
this embodiment vary, the corresponding openings 92 may
also be divided into a plurality of segments staggered by a
distance of one sub-pixel set 81.

[0046] In the display substrate of embodiments of the
present invention, sub-pixels 8 are arranged in a unit of “set”,
therefore the number of sub-pixels 8 between sub-pixels 8 of
the same color increases, the number of sub-pixels 8 corre-
sponding to each barrier section 91 increases. Thus, under the
condition that the width of barrier sections 91 is constant, the
size of each sub-pixel 8 (width and/or height) can be reduced
and the resolution is improved.

[0047] Although embodiments of the present invention
have been described with respect to an OLED display sub-
strate, the structure of these embodiments may also be applied
to other display substrates, such as OLED display substrates
using color filters or liquid crystal display (LCD) substrates.

[0048] Since the structure of the display substrate in
embodiments of the present invention has been changed, its
driving method (or division of the pixel units 1) will also be
changed in some extent.

[0049] According to embodiment(s) of the present inven-
tion, the method of driving the above described display sub-
strate(s) includes: providing a driving signal for respective
sub-pixels, so that they constitute a plurality of pixel units for
displaying, and each pixel unit includes one sub-pixel of each
color arranged in a first direction. Here, “all sub-pixels of a
pixel unit are arranged in a first direction” means that the
arrangement direction of all sub-pixels in the same pixel unit
is also the first direction; that is, if sub-pixels in each sub-pixel
set are arranged adjacently in one row (the first direction is the
row direction), all sub-pixels in one pixel unit are also located
in one row; while if sub-pixels in each sub-pixel set are
arranged adjacently in one column (the first direction is the
column direction), all sub-pixels in one pixel unit are also
located in one column.
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[0050] The method of driving the display substrate in
embodiments of the present invention includes: providing a
driving signal for respective sub-pixels 8, so that each pixel
unit 1 composed of the sub-pixels 8 includes one sub-pixel 8
of each respective colors for displaying, and the sub-pixels 8
in each pixel unit 1 are arranged in the first direction. It is to
be understood that the display of the pixel unit 1 is the result
of mixing contents (for example, in terms of color and bright-
ness) of the driven and displayed respective sub-pixels 8,
therefore, the display of the pixel unit 1 is not only depended
onthe typeand number of the composed sub-pixels 8, but also
on the form of their combination. Driving signals for sub-
pixels 8 of different combinations to constitute the pixel unit
1 are also different.

[0051] That is, each row of sub-pixels 8 are divided into a
plurality of pixel units 1, and the respective sub-pixels 8
therein are provided with driving signal(s) according to the
colors required by the pixel units 1, and each row of the
sub-pixels 8 are grouped into a plurality of pixel units 1. For
example, there is only one sub-pixel 8 of each respective
colors in every pixel unit 1. In an embodiment, each pixel unit
1 includes one red (R) sub-pixel 8, one green (G) sub-pixel 8
and one blue (B) sub-pixel 8.

[0052] Inanembodiment,a plurality of sub-pixels 8 of each
pixel unit 1 are located in a plurality of adjacent sub-pixel sets
81 respectively. As aforesaid, since the plurality of sub-pixels
8 in one pixel unit 1 are required to be mixed in color, it is
inadvisable for these sub-pixels 8 to be spaced apart too far,
i.e., the plurality of sub-pixels 8 in one pixel unit 1 are gen-
erally selected from nearby sub-pixel sets 81.

[0053] For example, at least some of the sub-pixels 8 are
shared by two pixel units 1. That is, sub-pixels 8 in the display
substrate in embodiments of the present invention may also
be shared in a way as that in the Pentile arrangement. In
embodiments of the present invention, it is also possible that
at least some of the sub-pixels 8 only present in one pixel unit
1. For example, in each row of sub-pixels 8, some sub-pixels
8 at the beginning and the end of the row need not to be shared
with other pixel units 1 and are only driven when one pixel
unit 1 is displaying; or in other arrangements or driving
method, some middle sub-pixels 8 may also be driven only
when one pixel unit 1 is displaying and need not be shared by
two pixel units 1, and the present invention is not limited
thereto.

[0054] As illustrated in FIG. 7, according to an embodi-
ment, for a display substrate in RGB mode, each pixel unit 1
includes two adjacent sub-pixels 8 and a sub-pixel 8 spaced
apart from these two adjacent sub-pixels 8 by one sub-pixel 8.
That is, as shown in FIG. 7, sub-pixels 8 are shared in a way
of “every other” mode. Since there is only one sub-pixel 8 of
each respective colors in each pixel unit 1, the above
described two adjacent sub-pixels 8 of the first color (for
example, R) and the second color (for example, G) belong
necessarily to two adjacent sub-pixel sets 81 respectively.
Together with the sub-pixel 8 of the third color (for example,
B) spaced apart from these two adjacent sub-pixels 8 of the
first color (for example, R) and the second color (for example,
G) by one sub-pixel 8 and located to their right, these three
sub-pixels 8 constitute one pixel unit. The above described
sharing mode of sub-pixels 8 can achieve excellent color
mixing effect, resulting in better display effect.

[0055] What has been described above is only an illustra-
tive sharing mode of sub-pixels 8, other modes of sharing
sub-pixels 8 may also be used.
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[0056] Forexample, any one sub-pixel 8 may also belong to
only one pixel unit 1, that is, sub-pixels 8 are not shared.
[0057] For example, as shown in FIG. 8, the six sub-pixels
8 in three adjacent sub-pixel sets 81 may belong to two pixel
units 1 respectively, each pixel unit 1 includes three sub-
pixels 8 and no sub-pixels 8 are shared.

[0058] Ttis to be understood that the sub-pixel set 81 may
also be constituted of adjacent sub-pixels 8 of the same color
in the same column, though embodiments of the present
invention are described by a sub-pixel set 81 is constituted of
adjacent sub-pixels 8 of the same color in the same row. For
example, adjacent two sub-pixels 8 of the same color in each
column constitute one sub-pixel set 81, a plurality of sub-
pixel sets 81 of different colors are arranged alternately to
form a column, and at the same time, in the row direction, a
plurality of sub-pixel sets 81 of different colors are also
arranged alternately, i.e., forming a mosaic-like arrangement.
Forthis type of arrangement, its driving method is also similar
to the above described driving method, that is, sub-pixels 8
may also be shared in an every other mode, or in a mode of
three adjacent sub-pixel sets 81 forming two pixel units 1 and
other modes to be driven, which will not be described in
detail.

[0059] According to embodiments of the present invention,
a display device is also provided including the described
display substrate(s). The display device may be any products
or parts with display function, such as LCD panels, electronic
papers, OLED panels, mobile phones, flat computers, televi-
sions, displays, notebook computers, digital picture frames,
and navigators.

[0060] Since the display device in embodiments of the
present invention includes the above described display sub-
strate, it has high resolution and good display quality.
[0061] In the display substrate of the present invention,
sub-pixels are arranged in unit of “set”, therefore the number
of sub-pixels between sub-pixels of the same color in differ-
ent sets is increased, and the number of sub-pixels corre-
sponding to each barrier section is increased. In such a way,
the size of each sub-pixel (width or height) can be reduced
and the resolution is improved under the condition that the
width of barrier sections is un-changed.

[0062] It is to be understood that the described above are
only illustrative embodiments and implementations for
explaining the principle of the present invention, and the
present invention is not limited thereto. For one of ordinary
skill in the art, various modifications and improvements may
be made without departing from the spirit and gist of embodi-
ments of the present invention, all of which should fall within
the protection scope of the present invention.

1. A display substrate, comprising:

an array of a plurality of sub-pixels having at least two

colors, wherein the sub-pixels of each color constitute a
plurality of sub-pixel sets, each of the sub-pixel sets
includes at least two sub-pixels of the same color and
arranged adjacently in a first direction, and sub-pixel
sets of different colors are arranged alternately in the
first direction.

2. The display substrate according to claim 1, wherein the
first direction is a row direction or a column direction.

3. The display substrate according to claim 1, wherein
numbers of sub-pixels included in each of the sub-pixel sets
are identical.

4. The display substrate according to claim 1, wherein each
of the sub-pixel set comprises two sub-pixels.
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5. The display substrate according to claim 1, wherein the
sub-pixel sets of different colors are arranged alternately in
the row direction; and the sub-pixel sets of different colors are
arranged alternately in the column direction.

6. The display substrate according to claim 1, wherein the
display substrate is an OLED display substrate, each of the
sub-pixels includes an OLED, OLEDs of sub-pixels with
different colors have organic light emitting layers of different
materials, and OLEDs of sub-pixels with the same color have
organic light emitting layers formed in a single evaporation
process.

7. A method of driving the display substrate of claim 1,
comprising:

providing a driving signal for each of the sub-pixels, so that

they constitute a plurality of pixel units for displaying,
wherein each of the pixel units includes one sub-pixel of
each respective colors arranged in a first direction.

8. The method of driving the display substrate according to
claim 7, wherein at least some of the sub-pixels are shared by
two adjacent pixel units.

9. The method of driving the display substrate according to
claim 7, wherein the display substrate comprises sub-pixels
of three colors; and each of the pixel unit comprises two
adjacent sub-pixels and one sub-pixel spaced apart from the
two adjacent sub-pixels by one sub-pixel.

10. The method of driving the display substrate according
to claim 7, wherein any one sub-pixel only belongs to one
pixel unit.

11. The method of driving the display substrate according
to claim 7, wherein the plurality of sub-pixels of each of the
pixel units are located in a plurality of adjacent sub-pixel sets
respectively.

May 28, 2015

12. A display apparatus, comprising:
the display substrate of claim 1.

13. The display substrate according to claim 6, wherein the
OLED:s of sub-pixels with different colors have organic light
emitting layers of different materials.

14. The display substrate according to claim 6, wherein the
OLED:s of sub-pixels with the same color have organic light
emitting layers formed in a single evaporation process.

15. The display substrate according to claim 2, wherein
numbers of sub-pixels included in each of the sub-pixel sets
are identical.

16. The display substrate according to claim 2, wherein
each of the sub-pixel set comprises two sub-pixels.

17. The display substrate according to claim 3, wherein
each of the sub-pixel set comprises two sub-pixels.

18. The display substrate according to claim 2, wherein the
sub-pixel sets of different colors are arranged alternately in
the row direction; and the sub-pixel sets of different colors are
arranged alternately in the column direction.

19. The display substrate according to claim 3, wherein the
sub-pixel sets of different colors are arranged alternately in
the row direction; and the sub-pixel sets of different colors are
arranged alternately in the column direction.

20. The method of driving the display substrate according
to claim 8, wherein the display substrate comprises sub-pixels
of three colors; and each of the pixel unit comprises two
adjacent sub-pixels and one sub-pixel spaced apart from the
two adjacent sub-pixels by one sub-pixel.
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