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ORGANIC LIGHT-EMITTING DIODE
TOUCH DISPLAY SUBSTRATE, ORGANIC
LIGHT-EMITTING DIODE TOUCH DISPLAY
PANEL, DISPLAY DEVICE AND CONTROL
METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is the U.S. national phase of PCT
Application No. PCT/CN2017/087588 filed on Jun. 8, 2017,
which claims priority to Chinese Patent Application No.
201610967503.5 filed on Oct. 31, 2016, which are incorpo-
rated herein by reference in their entireties.

TECHNICAL FIELD

[0002] The present disclosure relates to the field of touch
display technology, in particular to an organic light-emitting
diode (OLED) touch display substrate, an OLED touch
display panel, a display device and a control method thereof.

BACKGROUND

[0003] Along with the rapid development of the display
technology, the semiconductor element technique, in which
an OLED is used as a core of a display device, has achieved
great improvement. For a display device in the related art,
the OLED is a current-type light-emitting element, and it has
been widely used for high-performance display due to such
advantages as self-luminescence, rapid response, wide-
viewing angle and being capable of formed on a flexible
substrate.

[0004] Along with the development of the portable elec-
tronic display device, a touch display device is capable of
providing a new human-machine interface, so as to improve
the user experience. In the related art, for an OLED touch
display device, usually an OLED display panel and an
OLED touch panel are manufactured separately and then
combined together. The OLED touch display device may
generally include an OLED substrate, an OLED cover plate,
a touch panel substrate and a touch screen cover plate.
However, such OLED touch display device has relatively
low light transmittance as well as a relatively large thick-
ness.

SUMMARY

[0005] An object of the present disclosure is to provide an
OLED touch display substrate, an OLED touch display
panel, a display device and a control method thereof, so as
to provide the display device without attaching an add-on
touch panel onto an OLED display panel, thereby to provide
the OLED touch display substrate, the OLED touch display
pane and the display device with a simple structure, a small
thickness and high light transmittance.

[0006] In one aspect, the present disclosure provides in
some embodiments an OLED touch display substrate,
including an anode and a cathode arranged on a base
substrate; and a functional layer arranged between the anode
and the cathode, wherein the cathode includes a plurality of
sub-cathodes insulated from each other, a time period for
displaying one image frame of the OLED touch display
substrate includes a display time period and a touch time
period, and the plurality of sub-cathodes further serves as a
plurality of touch electrodes within the touch time period.
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[0007] 1Inapossible embodiment of the present disclosure,
the OLED touch display substrate further includes a plural-
ity of touch signal lines electrically connected to the touch
electrodes respectively.

[0008] Ina possible embodiment of the present disclosure,
the cathode is formed as an entire layer; the OLED touch
display substrate further includes a pattern of a spacer
formed on the cathode; and the pattern of the spacer is made
of a negative photosensitive material, and configured to
divide the cathode into the plurality of sub-cathodes insu-
lated from each other.

[0009] Ina possible embodiment of the present disclosure,
the touch signal lines and the sub-cathodes are arranged at
an identical layer. The cathode includes a plurality of rows
of sub-cathodes, the sub-cathodes in each of the rows are
separated from each other, sizes of the sub-cathodes gradu-
ally decrease in a row direction from a position adjacent to
a center of the OLED touch display substrate to a position
away from the center of the OLED touch display substrate,
and each of the touch signal lines extends from a respective
sub-cathode in a direction parallel to the row direction; or
the cathode includes a plurality of columns of sub-cathodes,
the sub-cathodes in each of the columns are separated from
each other, sizes of the sub-cathodes gradually decrease in a
column direction from the position adjacent to the center of
the OLED touch display substrate to the position away from
the center of the OLED touch display substrate, and each of
the touch signal lines extends from a respective sub-cathode
in a direction parallel to the column direction.

[0010] Ina possible embodiment of the present disclosure,
an insulation layer is arranged between the touch signal lines
and the sub-cathodes, and each of the sub-cathodes is
electrically connected to the respective touch signal line
through a via-hole in the insulation layer.

[0011] In a possible embodiment of the present disclosure,
the cathode includes the plurality of sub-cathodes arranged
in an array form, and the plurality of sub-cathodes is of an
identical shape and an identical size.

[0012] Ina possible embodiment of the present disclosure,
the cathode includes a plurality of groups of sub-cathodes.
Each group of sub-cathodes include a plurality of pairs of
sub-cathodes arranged in a row, each pair of sub-cathodes
include two sub-cathodes of right triangle shapes with their
hypotenuses opposite to each other, each of the sub-cathodes
includes a first leg parallel to a column direction, and the
touch signal lines are connected to the first legs of the
sub-cathodes in each of the groups and arranged at a left side
and a right side of the sub-cathodes in each of the groups; or
each group of sub-cathodes include a plurality of pairs of
sub-cathodes arranged in a column, each pair of sub-cath-
odes include two sub-cathodes of right triangle shapes with
their hypotenuses opposite to each other, each of the sub-
cathodes includes a second leg parallel to a row direction,
and the touch signal lines are connected to the second legs
of the sub-cathodes in each of the groups and arranged at an
upper side and a lower side of each of the groups.

[0013] 1Ina possible embodiment of the present disclosure,
the touch signal lines and gate lines and gate electrodes of
the OLED touch display substrate are arranged at an iden-
tical layer; or the touch signal lines and source electrodes,
drain electrodes and data lines of the OLED touch display
substrate are arranged at the identical layer.

[0014] Ina possible embodiment of the present disclosure,
the base substrate is made of monocrystalline silicon or
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polycrystalline silicon; the OLED touch display substrate
further includes an array circuit layer formed on the base
substrate; and the array circuit layer includes a plurality of
thin film transistors (TFTs), and active regions of the TFTs
are arranged within the base substrate.

[0015] In apossible embodiment of the present disclosure,
within the display time period of the time period for dis-
playing one image frame, the functional layer is capable of
emitting white light under the effect of the cathode and the
anode.

[0016] In apossible embodiment of the present disclosure,
the functional layer includes a hole injection layer, a hole
transport layer, an organic light-emitting layer, an electron
transport layer and an electron injection layer sequentially
arranged at a side of the anode adjacent to the cathode.
[0017] In another aspect, the present disclosure provides
in some embodiments an OLED touch display panel includ-
ing the above-mentioned OLED touch display substrate and
a packaging cover plate arranged opposite to the OLED
touch display substrate to form a cell.

[0018] In apossible embodiment of the present disclosure,
within the display time period of the time period for dis-
playing one image frame, the functional layer is capable of
emitting white light under the effect of the cathode and the
anode; and a color filter is arranged on the packaging cover
plate.

[0019] In yet another aspect, the present disclosure pro-
vides in some embodiments a display device including the
above-mentioned OLED touch display panel.

[0020] In still yet another aspect, the present disclosure
provides in some embodiments a method for controlling the
above-mentioned display device, including steps of: within
the display time period of the time period for displaying one
image frame, applying a common voltage signal to the
cathode and applying a data signal to the anode; and within
the touch time period of the time period for displaying one
image frame, applying a touch scanning signal to touch
signal lines and detecting whether or not a self-capacitance
of each of the touch electrodes changes.

[0021] In apossible embodiment of the present disclosure,
the touch scanning signal is a square wave signal; and the
touch scanning signal is superimposed onto a signal applied
to each of the signal lines of the OLED touch display
substrate while applying the touch scanning signal to the
touch signal lines.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] In order to illustrate the technical solutions of the
present disclosure in a clearer manner, the drawings desired
for the present disclosure will be described hereinafter
briefly. Obviously, the following drawings merely relate to
some embodiments of the present disclosure, and based on
these drawings, a person skilled in the art may obtain the
other drawings without any creative effort. Shapes and sizes
of the members in the drawings are for illustrative purposes
only, but shall not be used to reflect any actual scale.
[0023] FIG. 1 is a schematic view showing a OLED touch
display device in the related art;

[0024] FIG. 2 is a schematic view showing an OLED
touch display substrate according to some embodiments of
the present disclosure;

[0025] FIGS. 3-5 are schematic views showing the
arrangement of sub-cathodes according to some embodi-
ments of the present disclosure;
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[0026] FIG. 6 is a schematic view showing a color filter on
a touch display substrate in the related art;
[0027] FIG. 7 is a schematic view showing a color filter on
a packaging cover plate according to some embodiments of
the present disclosure;
[0028] FIG. 8 is a schematic view showing a pixel com-
pensation circuit of the OLED touch display device accord-
ing to some embodiments of the present disclosure;
[0029] FIG. 9 s a sequence diagram of the pixel compen-
sation circuit in FIG. 8;

[0030] and
[0031] FIG. 10 is a schematic view showing a functional
layer of the OLED touch display substrate according to
some embodiments of the present disclosure.

REFERENCE SIGN LIST

[0032] 11 OLED display substrate

[0033] 12 packaging cover plate

[0034] 13 touch electrode

[0035] 14 touch screen cover plate

[0036] 1 base substrate

[0037] 2 packaging cover plate

[0038] 6 anode

[0039] 7 functional layer

[0040] 8 cathode

[0041] 9 sub-cathode

[0042] 10 touch signal line

DETAILED DESCRIPTION

[0043] Inorder to make the objects, the technical solutions

and the advantages of the present disclosure more apparent,
the present disclosure will be described hereinafter in a clear
and complete manner in conjunction with the drawings and
embodiments. Obviously, the following embodiments
merely relate to a part of, rather than all of, the embodiments
of the present disclosure, and based on these embodiments,
a person skilled in the art may, without any creative effort,
obtain the other embodiments, which also fall within the
scope of the present disclosure.

[0044] Unless otherwise defined, any technical or scien-
tific term used herein shall have the common meaning
understood by a person of ordinary skills. Such words as
“first” and “second” used in the specification and claims are
merely used to differentiate different components rather than
to represent any order, number or importance. Similarly,
such words as “one” or “one of” are merely used to represent
the existence of at least one member, rather than to limit the
number thereof. Such words as “connect” or “connected to”
may include electrical connection, direct or indirect, rather
than to be limited to physical or mechanical connection.
Such words as “on”, “under”, “left” and “right” are merely
used to represent relative position relationship, and when an
absolute position of the object is changed, the relative
position relationship will be changed too.

[0045] As shown in FIG. 1, for an OLED touch display
device in the related art, usually an OLED display screen
and a touch screen are manufactured separately, and then
assembled together. The OLED touch display device may
usually include an OLED display substrate 11, a packaging
cover plate 12 and a touch screen cover plate 14. A touch
electrode 13 may be directly formed on the packaging cover
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plate 12. However, the OLED touch display device has
relatively low light transmittance as well as a relatively large
thickness.

[0046] An object of the present disclosure provides an
OLED touch display substrate, an OLED touch display
panel, a display device and a control method thereof, so as
to provide the display device without attaching an add-on
touch screen onto an OLED display panel, thereby to
provide the OLED touch display substrate, the OLED touch
display pane and the display device with a simple structure,
a small thickness and high light transmittance.

[0047] The present disclosure provides in some embodi-
ments an OLED touch display substrate which, as shown in
FIG. 2, includes an anode 6 and a cathode 8 arranged on a
base substrate 1, and a functional layer 7 arranged between
the anode 6 and the cathode 8. As shown in FIGS. 3-5, the
cathode 8 includes a plurality of sub-cathodes 9 insulated
from each other. The time period for displaying one image
frame of the OLED touch display substrate includes a
display time period and a touch time period. The plurality of
sub-cathodes 9 further serves as a plurality of touch elec-
trodes. The OLED touch display substrate further includes a
plurality of touch signal lines 10 electrically connected to
the touch electrodes respectively. Within the display time
period of the time period for displaying one image frame, a
common voltage signal may be applied to the touch elec-
trode via the respective touch signal line. Within the touch
time period of the time period for displaying one image
frame, a touch scanning signal may be applied to the touch
electrode via the respective touch signal line. A touch circuit
may detect whether or not a self-capacitance of each touch
electrode changes through the respective touch signal line.
[0048] Within the time period for displaying one image
frame, a common voltage signal may be applied to each
touch electrode via the respective touch signal line 10
connected thereto, and within the touch time period of each
frame, a touch scanning signal may be applied to each touch
electrode via the respective touch signal line connected
thereto. A touch circuit may determine whether or not a
self-capacitance of the touch electrode changes through the
respective touch signal line.

[0049] According to the embodiments of the present dis-
closure, the OLED touch display substrate includes the
anode, the cathode and the functional layer arranged
between the anode and the cathode. Within the touch time
period, the anode further serves as the touch electrodes. In
this regard, the time period for displaying each image frame
of the OLED touch display substrate may be divided into the
display time period and the touch time period. Within the
display time period, the common voltage signal is applied to
the cathode so as to enable the OLED touch display substrate
to display an image. Within the touch time period, the touch
scanning signal is applied to the cathode, such that the
cathode further serves as the touch electrodes, to acquire a
touch position, thereby to perform a touch operation. During
the touch display procedure of the OLED touch display
substrate, the cathode is capable of serving as the touch
electrode, so it is unnecessary to provide the OLED display
panel with an add-on touch screen. As compared with an
add-on touch display panel, it is able to simplify the struc-
ture, reduce the thickness and improve the light transmit-
tance.

[0050] To be specific, the cathode 8 may include a plu-
rality of sub-cathodes separated from each other or formed
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as an entire layer. In the case that the cathode 8 is formed as
an entire layer, the touch display substrate further includes
a pattern of a spacer formed on the cathode and made of a
negative photosensitive material. The pattern of the spacer is
formed in such a manner as to divide the cathode into the
plurality of sub-cathodes insulation from each other. In this
regard, it is unnecessary to form a pattern of the cathode
through a specific patterning process. Instead, it is merely
necessary to form the cathode as an entire layer, and then
divide the cathode into the plurality of sub-cathodes insu-
lated from each other through the pattern of the spacer of
electronegativity while forming the pattern of the spacer,
i.e., a patterning process may be omitted.

[0051] Ina possible embodiment of the present disclosure,
as shown in FIG. 3, the touch signal lines 10 are arranged at
a layer identical to the sub-cathodes. In FIG. 3, the cathode
includes a plurality of rows of sub-cathodes 9, the sub-
cathodes 9 in each row are separated from each other, sizes
of the sub-cathodes are in descending order in a row
direction from a position adjacent to a center of the touch
display substrate to a position away from the center of the
touch display substrate, and each touch signal line extends
from a respective sub-cathode in a direction parallel to the
row direction.

[0052] Ina possible embodiment of the present disclosure,
the cathode may include a plurality of columns of sub-
cathodes, the sub-cathodes in each column are separated
from each other, sizes of the sub-cathodes are in descending
order in a column direction from the position adjacent to the
center of the touch display substrate to the position away
from the center of the touch display substrate, and each
touch signal line extends from a respective sub-cathode in a
direction parallel to the column direction.

[0053] Inapossible embodiment of the present disclosure,
an insulation layer is arranged between the touch signal lines
and the sub-cathodes, and each sub-cathode is electrically
connected to the respective touch signal line through a
via-hole penetrating through the insulation layer. The touch
signal lines may be formed using another conductive layer
of the touch display substrate. For example, the touch signal
lines may be formed using a gate metal layer of the touch
display substrate and arranged at a layer identical to gate
lines and gate electrodes of the touch display substrate. For
another example, the touch signal lines may be formed using
a source-drain metal layer of the touch display substrate and
arranged at a layer identical to source electrodes, drain
electrodes and data lines of the touch display substrate.
[0054] To be specific, as shown in FIG. 4, the cathode may
include the plurality of sub-cathodes 9 arranged in an array
form and having an identical shape and an identical size.
Bach sub-cathode 9 may be made of a rectangular shape.
Further, the sub-cathode 9 may also be of a circular, ellip-
tical, regularly hexagonal or triangular shape, and the shape
of the sub-cathode 9 will not be particularly defined herein.
In FIG. 4, the touch signal lines 10 connected to the
sub-cathodes 9 may extend in an identical direction. In the
case that the sub-cathodes 9 have an identical shape and an
identical size, it is able to ensure that the sub-cathodes have
identical touch sensitivity, thereby to improve the touch
sensing uniformity.

[0055] Ina possible embodiment of the present disclosure,
the cathode may include a plurality of groups of sub-
cathodes, and FIG. 5 shows one of such groups. The group
of sub-cathodes includes a plurality of pairs of sub-cathodes



US 2020/0035756 A1l

9 arranged in a row, each pair of sub-cathodes includes two
sub-cathodes 9 of right triangle shapes with their hypot-
enuses opposite to each other, each sub-cathode 9 includes
a first leg parallel to the column direction, and the touch
signal lines 10 are connected to the first legs of the sub-
cathodes in each group and arranged at a left side and a right
side of the sub-cathodes in each group.

[0056] Further, each group of sub-cathodes may include a
plurality of pairs of sub-cathodes arranged in a column, each
pair of sub-cathodes include two sub-cathodes of right
triangle shapes with their hypotenuses opposite to each
other, each sub-cathode includes a second leg parallel to the
row direction, and the touch signal lines are connected to the
second legs of the sub-cathodes in each group and arranged
at upper sides and lower sides of the sub-cathodes in each
group.

[0057] In the embodiments of the present disclosure, the
base substrate 1 may be made of monocrystalline silicon or
polycrystalline silicon, the touch display substrate may
further include an array circuit layer formed on the base
substrate 1, and the array circuit layer includes a plurality of
TFTs whose active layers are arranged in the base substrate
1. Because carrier mobility of the monocrystalline silicon
may exceed 600 cm?/V-sec, through the formation of the
active layer with monocrystalline silicon, it is able to
improve the performance of the TFT and reduce a size of the
TFT, thereby to increase an aperture ratio of the touch
display substrate.

[0058] Further, within the display time period of the time
period for displaying one image frame, the functional layer
is capable of emitting white light under the effect of the
cathode and the anode. In the related art, light-emitting
layers in different colors are formed on the touch display
substrate in a fine metal mask (FMM) evaporation manner.
Due to limitation on the precision of the FMM, pixels are
formed on the touch display substrate at a low density.
However, in the embodiments of the present disclosure, the
light-emitting layer for emitting white light is formed on the
touch display substrate, and then a color filter is formed on
a packaging cover plate accordingly. In this way, it is able to
increase the density of the pixels formed on the touch
display substrate.

[0059] To be specific, as shown in FIG. 10, the functional
layer 7 includes a hole injection layer, a hole transport layer,
an organic light-emitting layer, an electron transport layer
and an electron injection layer sequentially arranged at a
side of the anode 6 adjacent to the cathode 8.

[0060] The present disclosure further provides in some
embodiments an OLED touch display panel including the
above-mentioned touch display substrate and a packaging
cover plate arranged opposite to the touch display substrate
to form a cell.

[0061] According to the embodiments of the present dis-
closure, the OLED touch display substrate includes the
anode, the cathode and the functional layer arranged
between the anode and the cathode. Within the touch time
period, the anode further serves as the touch electrodes. In
this regard, the time period for displaying each image frame
of the OLED touch display substrate may be divided into the
display time period and the touch time period. Within the
display time period, the common voltage signal is applied to
the cathode so as to enable the OLED touch display substrate
to display an image. Within the touch time period, the touch
scanning signal is applied to the cathode, such that the

Jan. 30, 2020

cathode further serves as the touch electrodes, to acquire a
touch position, thereby to perform a touch operation. During
the touch display procedure of the OLED display panel, the
cathode is capable of serving as the touch electrode, so it is
unnecessary to provide the OLED display panel with an
add-on touch screen. As compared with an add-on touch
display screen, it is able to simplify the structure, reduce the
thickness and improve the light transmittance.

[0062] In the related art, as shown in FIG. 6, the light-
emitting layers in different colors are formed on the touch
display substrate in an FMM evaporation manner. Due to the
limitations on the precision of the FMM, the pixels are
formed on the touch display substrate at a low density.
[0063] In order to solve this problem, in a possible
embodiment of the present disclosure, within the display
time period of the time period for displaying one image
frame, the functional layer is capable of emitting white light
under the effect of the cathode and the anode. As shown in
FIG. 7, color filters R, G and B are arranged on the
packaging cover plate 2, so as to filter the white light from
the functional layer. In this way, it is able to prevent the
density of the pixels formed on the touch display substrate
from being limited by the FMM precision, thereby to
increase the density of the pixels on the touch display
substrate.

[0064] The present disclosure further provides in some
embodiments a display device including the above-men-
tioned OLED touch display panel. The display device may
be any product or member having a display function, such
as a television, a display, a digital photo frame, a mobile
phone or a flat-panel computer. The display device further
includes a flexible circuit board, a printed circuit board and
a back plate.

[0065] According to the embodiments of the present dis-
closure, the OLED touch display substrate includes the
anode, the cathode and the functional layer arranged
between the anode and the cathode. Within the touch time
period, the anode further serves as the touch electrodes. In
this regard, the time period for displaying each image frame
of the OLED touch display substrate may be divided into the
display time period and the touch time period. Within the
display time period, the common voltage signal is applied to
the cathode so as to enable the OLED touch display substrate
to display an image. Within the touch time period, the touch
scanning signal is applied to the cathode, such that the
cathode further serves as the touch electrodes. to acquire a
touch position, thereby to perform a touch operation. During
the touch display procedure of the OLED touch display
panel, the cathode is capable of serving as the touch elec-
trode, so it is unnecessary to provide the OLED display
panel with an add-on touch screen. As compared with an
add-on touch display screen, it is able to simplify the
structure, reduce the thickness and improve the light trans-
mittance.

[0066] Apart from the touch display panel, the display
device may further include a pixel compensation circuit as
shown in FIG. 8. The pixel compensation circuit includes a
data write-in module, a resetting module, a light-emission
module and a compensation module. The data write-in
module includes a data write-in transistor M5, the resetting
module includes a resetting transistor M1, the light-emission
module includes transistors M4 and M6, and the compen-
sation module includes a compensation transistor M2. In
addition, the pixel compensation circuit further includes a
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driving transistor M3 and a storage capacitor C1. A gate
electrode of M5 is connected to a gate scanning signal output
end Gate, a first electrode of M5 is connected to a data signal
output end Vdata, and a second electrode of M5 is connected
to a first node. A gate electrode of M4 is connected to a
light-emission control signal output end EM, a first electrode
of M4 is connected to a high level signal output end
ELVDD, and a second electrode of M4 is connected to the
first node. A gate electrode of M1 is connected to a resetting
signal output end Reset, a first electrode of M1 is connected
to an initial voltage signal output end Vint, and a second
electrode of M1 is connected to a second node. A gate
electrode of M3 is connected to the second node, a first
electrode of M3 is connected to the first node, and a second
electrode of M3 is connected to a third node. A gate
electrode of M6 is connected to the light-emission control
signal output end EM, a first electrode of M6 is connected
to the third node, and a second electrode of M6 is connected
to a light-emission diode. A first polar plate of the storage
capacitor C1 is connected to the second node, and a second
polar plate of the storage capacitor C1 is connected to the
high level signal output end ELVDD. A gate electrode of M2
is connected to the gate scanning signal output end Gate, a
first electrode of M2 is connected to the second node, and a
second electrode of M2 is connected to the third node.
[0067] Signals Reset, Gate and EM are sequence signals
from a Gate driver On Array (GOA) output unit, signals Vint
and ELVDD are received from a flexible printed circuit
(FPC), touch signals from a touch electrode (TX) channel
are connected to ELVSSs, and a signal Vata is outputted
from a source line.

[0068] In apossible embodiment of the present disclosure,
active layers of TFTs of a data driver circuit, a scanning
driver circuit and a display array may be formed in the base
substrate made of monocrystalline silicon. Because carrier
mobility of monocrystalline silicon may exceed 600 cm?/
V-sec, it is able to improve the performance of the TFTs of
the data driver circuit and the scanning driver circuit, and
reduce the sizes of the TFTs, thereby to prevent the data
driver circuit and the scanning driver circuit from occupying
a large area of the substrate, and form both of the scanning
driver circuit and the data driver circuit on the substrate. In
other words, it is able to reduce an area of the portion of the
display substrate beyond a display region, increase an area
for displaying an image, reduce a size of the display device
while ensuring the performance of the circuits and the
number of the pixels, and improve a display resolution of the
display device.

[0069] In addition, for the OLED touch display substrate
including the base substrate made of monocrystalline sili-
con, a complementary metal oxide semiconductor (CMOS)
process may be adopted, so it is able to remarkably increase
a scanning speed and reduce a load, thereby to improve a
touch effect.

[0070] The present disclosure further provides in some
embodiments a method for controlling the above-mentioned
display device, including steps of: within the display time
period of the time period for displaying one image frame,
applying a common voltage signal to the cathode and
applying a data signal to the anode; and within the touch
time period of the time period for displaying one image
frame, applying a touch scanning signal to the touch signal
lines and detecting whether or not a self-capacitance of each
touch electrode changes.
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[0071] According to the embodiments of the present dis-
closure, the time petiod for displaying each image frame of
the display device includes the display time period and the
touch time period. Within the display time period, the
common voltage signal is applied to the cathode so as to
enable the display device to display an image. Within the
touch time period, the touch scanning signal is applied to the
cathode, such that the cathode serves as the touch electrodes,
to acquire a touch position, thereby to perform a touch
operation. During the touch display procedure of the display
device, the cathode is capable of serving as the touch
electrode, so it is unnecessary to provide the OLED display
panel with an add-on touch screen. As compared with an
add-on touch display screen, it is able to simplify the
structure, reduce the thickness and improve the light trans-
mittance.

[0072] Further, as shown in FIG. 9, the touch scanning
signal is a square wave signal. In the case that the touch
scanning signal is applied to the touch signal line within the
touch time period (i.e., a fourth time period), signals applied
to all the signal lines of the touch display substrate are
modulated synchronously, and the touch scanning signal is
superimposed onto the signals applied to the other signal
lines of the touch display substrate. In other words, during
the touch procedure, the square wave signal may be applied
to the other signal lines apart from the touch electrode. In
this way, there may be no voltage difference between the
touch electrode and a metal electrode therebelow during the
touch procedure, and thereby there may exist no capaci-
tance. At this time, even in the case that the touch display
panel is touched by a very small portion of a finger, this
touch operation may still be detected by the touch display
panel, i.e., it is able to improve the touch sensitivity.

[0073] The above are merely the preferred embodiments
of the present disclosure, but the present disclosure is not
limited thereto. Obviously, a person skilled in the art may
make further modifications and improvements without
departing from the spirit of the present disclosure, and these
modifications and improvements shall also fall within the
scope of the present disclosure.

1. An organic light-emitting diode (OLED) touch display
substrate, comprising:
an anode and a cathode arranged on a base substrate; and

a functional layer arranged between the anode and the
cathode,

wherein the cathode comprises a plurality of sub-cathodes
insulated from each other, a time period for displaying
one image frame of the OLED touch display substrate
comprises a display time period and a touch time
period, and the plurality of sub-cathodes further serves
as a plurality of touch electrodes within the touch time
period.

2. The OLED touch display substrate according to claim
1, further comprising:
a plurality of touch signal lines electrically connected to
the touch electrodes respectively.

3. The OLED touch display substrate according to claim
1, wherein

the cathode is formed as an entire layer;

the OLED touch display substrate further comprises a
pattern of a spacer formed on the cathode; and
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the pattern of the spacer is made of a negative photosen-
sitive material, and configured to divide the cathode
into the plurality of sub-cathodes insulated from each
other.
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the touch signal lines and source electrodes, drain elec-
trodes and data lines of the OLED touch display
substrate are arranged at the identical layer.

9. The OLED touch display substrate according to claim

1, wherein
the base substrate is made of monocrystalline silicon or
polycrystalline silicon;
the OLED touch display substrate further comprises an
array circuit layer formed on the base substrate; and
the array circuit layer comprises a plurality of thin film
transistors (TFTs), and active regions of the TFTs are
arranged within the base substrate.
10. The OLED touch display substrate according to claim
1, wherein within the display time period of the time period
for displaying one image frame, the functional layer is
capable of emitting white light under the effect of the
cathode and the anode.
11. The OLED touch display substrate according to claim
1, wherein the functional layer comprises a hole injection
layer, a hole transport layer, an organic light-emitting layer,
an electron transport layer and an electron injection layer
sequentially arranged at a side of the anode adjacent to the
cathode.
12. An organic light-emitting diode (OLED) touch display
panel, comprising:
the OLED touch display substrate according to claim 1;
5. The OLED touch display substrate according to claim and
2, wherein

4. The OLED touch display substrate according to claim
2, wherein the touch signal lines and the sub-cathodes are
arranged at an identical layer,

the cathode comprises a plurality of rows of sub-cathodes,
the sub-cathodes in each of the rows are separated from
each other, sizes of the sub-cathodes are in descending
order in a row direction from a position adjacent to a
center of the OLED touch display substrate to a posi-
tion away from the center of the OLED touch display
substrate, and each of the touch signal lines extends
from a respective sub-cathode in a direction parallel to
the row direction; or

the cathode comprises a plurality of columns of sub-
cathodes, the sub-cathodes in each of the columns are
separated from each other, sizes of the sub-cathodes are
in descending order in a column direction from the
position adjacent to the center of the OLED touch
display substrate to a position away from the center of
the OLED touch display substrate, and each of the
touch signal lines extends from the respective sub-
cathode in a direction parallel to the column direction.

a packaging cover plate arranged opposite to the OLED
touch display substrate to form a cell.
13. The OLED touch display panel according to claim 12,
wherein
within the display time period of the time period for
displaying one image frame, the functional layer is
capable of emitting white light under the effect of the
cathode and the anode; and
a color filter is arranged on the packaging cover plate.
14. A display device, comprising the OLED touch display
panel according to claim 12.
15. A method for controlling the display device according
to claim 14, comprising:
within the display time period of the time period for
displaying one image frame, applying a common volt-
age signal to the cathode and applying a data signal to
the anode; and
within the touch time period of the time period for
displaying one image frame, applying a touch scanning
signal to touch signal lines and detecting whether or not
a self-capacitance of each of the touch electrodes
changes.
16. The method according to claim 15, wherein
the touch scanning signal is a square wave signal; and
the touch scanning signal is superimposed onto a signal
applied to each of the signal lines of the OLED touch
display substrate while applying the touch scanning
signal to the touch signal lines.
17. The OLED touch display substrate according to claim
2, wherein
the base substrate is made of monocrystalline silicon or
polycrystalline silicon;
the OLED touch display substrate further comprises an
array circuit layer formed on the base substrate; and
the array circuit layer comprises a plurality of TFTs, and
active regions of the TFTs are arranged within the base
substrate.

an insulation layer is arranged between the touch signal
lines and the sub-cathodes, and each of the sub-cath-
odes is electrically connected to the respective touch
signal line through a via-hole in the insulation layer.

6. The OLED touch display substrate according to claim
5, wherein

the cathode comprises the plurality of sub-cathodes
arranged in an array form, and the plurality of sub-
cathodes is of an identical shape and an identical size.

7. The OLED touch display substrate according to claim
5, wherein the cathode comprises a plurality of groups of
sub-cathodes,

each group of sub-cathodes comprise a plurality of pairs
of sub-cathodes arranged in a row, each pair of sub-
cathodes comprise two sub-cathodes of right triangle
shapes with their hypotenuses opposite to each other,
each of the sub-cathodes comprises a first leg parallel
to a column direction, and the touch signal lines are
connected to the first legs of the sub-cathodes in each
of the groups and arranged at a left side and a right side
of the sub-cathodes in each of the groups; or

each group of sub-cathodes comprise a plurality of pairs
of sub-cathodes arranged in a column, each pair of
sub-cathodes comprise two sub-cathodes of right tri-
angle shapes with their hypotenuses opposite to each
other, each of the sub-cathodes comprises a second leg
parallel to a row direction, and the touch signal lines are
connected to the second legs of the sub-cathodes in
each of the groups and arranged at an upper side and a
lower side of each of the groups.

8. The OLED touch display substrate according to claim
5, wherein
the touch signal lines and gate lines and gate electrodes of
the OLED touch display substrate are arranged at an
identical layer; or
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18. The OLED touch display substrate according to claim
2, wherein within the display time period of the time period
for displaying one image frame, the functional layer is
capable of emitting white light under the effect of the
cathode and the anode.
19. The OLED touch display substrate according to claim
2, wherein the functional layer comprises a hole injection
layer, a hole transport layer, an organic light-emitting layer,
an electron transport layer and an electron injection layer
sequentially arranged at a side of the anode adjacent to the
cathode.
20. The OLED touch display substrate according to claim
3, wherein
the base substrate is made of monocrystalline silicon or
polycrystalline silicon;
the OLED touch display substrate further comprises an
array circuit layer formed on the base substrate; and
the array circuit layer comprises a plurality of TFTs, and
active regions of the TFTs are arranged within the base
substrate.
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