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GATE DRIVING CIRCUIT, ARRAY
SUBSTRATE, DISPLAY DEVICE AND
DRIVING METHOD

TECHNICAL FIELD

The present disclosure relates to a field of fabrication of
liquid crystal display, and more particularly, relates to a gate
driving circuit, an array substrate, a display device and a
driving method.

BACKGROUND

In recent years, a liquid crystal display presents a devel-
opment trend of high integration and low cost. A very
important technology thereof is implementation of mass
production of a Gate Driver on Array (GOA) technology. A
gate switching circuit is integrated onto an array substrate of
a liquid crystal display panel by using the GOA technology,
so as to save a gate driving integrated circuit part, and reduce
production cost in both material and fabrication process. The
gate switching circuit integrated onto the array substrate by
using the GOA technology is also referred to as a GOA gate
driving circuit.

In the gate driving circuit applied to a Touch Screen Panel
(TSP), in order that a gate line drive signal (also referred to
as a GATE signal) between shift register units that stops
transmission is stored when a TSP signal is scanned, a delay
shift module will be added between adjacent shift register
units at two stages. The delay shift module is used for
temporarily storing the gate line drive signal transmitted
here, and continuing to transmit the gate line drive signal
downwards after the scanning of the TSP signal is done.

A position of the delay shift module in the gate driving
circuit is fixed. As shown in FIG. 1(b), the delay shift
module includes a first shift register DUMMY1 and a
second shift register DUMMY?2. Output terminals of the first
shift register DUMMY1 and the second shift register
DUMMY?2 are idle, and have no output to the gate line. In
a process of transmitting the gate line drive signal within
each frame, the shift register unit will suspend operation at
a same predetermined time. Therefore, a row of pixels
corresponding to the gate driving circuit will periodically
suspend light emission. Thus, there will be a problem of a
dark line as viewed by human eyes, so that the panel cannot
properly display.

SUMMARY
(D) Technical Problem to be Solved

For deficiencies of the prior art, the present disclosure
provides a gate driving circuit, an array substrate, a display
device and a driving method, which can stagger a time for
which a touch screen panel suspends operation within adja-
cent frames, so as to solve the problem of dark lines as
viewed by human eyes.

(IT) Technical Solutions

To achieve the above objective, the present disclosure is
implemented by the technical solutions as below.

A gate driving circuit comprises a plurality of shift
register units connected in cascade. The gate driving circuit
further comprises: at least two delay shift modules and a
switch control module respectively connected with the delay
shift modules, each delay shift module being located
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between adjacent shift register units, and at least one cas-
caded shift register unit being further provided between the
delay shift modules; the switch control module being used
for controlling different delay shift modules to be connected
between the adjacent shift register units between adjacent
frames, and enabling transmission of a gate line drive signal
to skip other delay shift modules not connected therein,
within each frame.

The delay shift module is used for suspending a clock
signal connected with the delay shift module for a prede-
termined time when connected between the adjacent shift
register units, storing the gate line drive signal from the shift
register unit at an adjacent previous stage within the prede-
termined time for which the clock signal is suspended, and
transmitting the gate line drive signal to the shift register unit
at an adjacent next stage after the clock signal is restored.

Preferably, the switch control module includes a group of
switch elements corresponding to each of the delay shift
modules, each group of switch elements being used for
outputting a switch control signal to the delay shift module
corresponding thereto. The switch control signal controls the
delay shift module to be connected between the adjacent
shift register units, or enabling the transmission of the gate
line drive signal to skip the delay shift module.

Preferably, each group of switch elements includes a first
switch element and a second switch element. In a group of
switch elements corresponding to a delay shift module
between shift register unit at an (N-1)-th stage and that at an
N-th stage, a first terminal of the first switch element and a
first terminal of the second switch element are both con-
nected with an output terminal of the shift register unit at the
(N-1)-th stage; a second terminal of the first switch element
is connected with an input terminal of the delay shift
module; an output terminal of the delay shift module is
connected with an input terminal of the shift register unit at
the N-th stage; a second terminal of the second switch
element is connected with an output terminal of the shift
register unit at the N-th stage; a control terminal of the first
switch element is connected with a first control signal line,
and a control terminal of the second switch element is
connected with a second control signal line.

Preferably, the switch element is a thin film field-effect
transistor.

Preferably, the delay shift module includes a first shift
register unit and a second shift register unit connected in
cascade, the two shift register units being connected in
cascade between the shift register units at the (N-1)-th stage
and the N-th stage, an input terminal of the first shift register
unit serving as the input terminal of the delay shift module,
and an output terminal of the second shift register unit
serving as the output terminal of the delay shift module, the
input terminal of the first shift register unit being connected
with the output terminal of the shift register unit at the
(N-1)-th stage via the first switch element; the output
terminal of the first shift register unit and a reset terminal of
the second shift register unit being connected with the output
terminal of the shift register unit at the N-th stage and a reset
terminal of the shift register unit at the (N-1)-th stage at one
point, and N being an integer no less than 2.

An array substrate is provided, wherein, the array sub-
strate comprises any gate driving circuit as described above.

A display device is provided, wherein, the display device
comprises any array substrate as described above.

A driving method used in the above-described gate driv-
ing circuit is provided, wherein, the method comprises:
controlling different delay shift modules to be connected
between adjacent shift register units, between adjacent
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frames, by a switch control module; enabling transmission
of a gate line drive signal to skip other delay shift modules
not connected therein, within each frame, by the switch
control module.

Preferably, when the delay shift module is connected
between the adjacent shift register units, by suspending a
clock signal connected with the delay shift module for a
predetermined time, a touch scanning stage is entered within
the predetermined time for which the clock signal is sus-
pended.

Preferably, the switch control module includes a group of
switch elements corresponding to each of the delay shift
modules, each group of switch elements including a first
switch element and a second switch element. In a group of
switch elements corresponding to a delay shift module
between shift register units at an (N-1)-th stage and an N-th
stage, a first terminal of the first switch element and a first
terminal of the second switch element are both connected
with an output terminal of the shift register unit at the
(N-1)-th stage; a second terminal of the first switch element
is connected with a gate line drive signal input terminal of
the delay shift module; a gate line drive signal output
terminal of the delay shift module is connected with an input
terminal of the shift register unit at the N-th stage; a second
terminal of the second switch element is connected with an
output terminal of the shift register unit at the N-th stage; a
control terminal of the first switch element is connected with
a first control signal line, and a control terminal of the
second switch element is connected with a second control
signal line;

The controlling different delay shift modules to be con-
nected between adjacent shift register units, between adja-
cent frames, by a switch control module specifically
includes: controlling the output terminal of the shift register
unit at the (N-1)-th stage to be connected with the input
terminal of the delay shift module by the first switch
element, at a start time of the predetermined time for which
the clock signal is suspended, within a frame, the delay shift
module being connected between the adjacent shift registers,
and other delay shift modules controlling the output terminal
of the shift register unit at the (N-1)-th stage to be connected
with the input terminal of the shift register at the N-th stage
by the second switch element.

Preferably, when the delay shift module is connected
between the adjacent shift register units, the first control
signal line controls the first switch element to be ON before
output of the clock signal is suspended for a clock cycle, and
controls the first switch element to be ON after the output of
the clock signal is restored for a clock cycle.

(1ITy Advantageous Effects

The present disclosure at least has the advantageous
effects as follows: mainly by means of providing the delay
shift modules in at least two different positions, and con-
trolling whether they operate or not by a corresponding
switch control module, the present disclosure achieves an
effect of staggering the predetermined time for which a panel
suspends operation between adjacent frames.

Specifically, when each switch control module has cir-
cuits of two switch elements, and when one of the switch
elements is in an ON state, the gate line drive signal will
directly skip corresponding delay shift module to be trans-
mitted downwards; and when the other switch element is in
the ON state, the gate line drive signal will enter the delay
shift module, which represents that it enters a normal
operation state. Thus, as long as the switch elements in each
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switch control module are opened and closed under the
control of the control signal, the operation state thereof can
be switched flexibly. Here, in order to stagger the positions
of the delay shift modules in the adjacent frames, only one
delay shift module may be made operate in an odd frame,
and the gate line drive signal directly skip other delay shift
modules; correspondingly, only the other delay shift module
is made operate in an even frame, and the gate line drive
signal directly skip remained delay shift modules except the
other delay shift module. Thus, the predetermined time for
which the touch screen panel suspends operation within
adjacent odd and even frames is staggered, so as to solve the
problem of the dark lines as viewed by human eyes.

Of course, all the advantages as described above may not
be necessarily achieved at the same time by implementing
any product or method of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to clearly illustrate the technical solutions of the
embodiments of the present disclosure or the prior art, the
drawings that need to be used in the embodiments or the
prior art will be briefly described hereinafter. It is obvious
that the described drawings are only related to some embodi-
ments of the present disclosure, those ordinary skilled in the
art can obtain other drawings based on the drawings, without
any inventive work.

FIG. 1(a), FIG. 1(b) and FIG. 1(c) are respectively
cascade diagrams of part of the shift register units of the gate
driving circuit in the prior art;

FIG. 2 is a circuit structural diagram of the gate driving
circuit in an embodiment of the present disclosure;

FIG. 3(a) is a circuit structural diagram of a first delay
shift module part of the gate driving circuit in the embodi-
ment of the present disclosure;

FIG. 3(?) 1s a circuit structural diagram of a second delay
shift module part of the gate driving circuit in the embodi-
ment of the present disclosure;

FIG. 4(a) and FIG. 4(b) are partial circuit diagrams of a
preferred gate driving circuit in an embodiment of the
present disclosure;

FIG. 5 1s an operation timing diagram of the preferred
gate driving circuit in the embodiment of the present dis-
closure.

REFERENCE SIGNS

CK, CKB—a clock signal, or a clock signal terminal of a
shift register unit;

STY—a gate line drive signal, or an input terminal of the
shift register unit;

Output—an output terminal of the shift register unit;
RST—a reset terminal of the shift register unit;

G1,G2,GN, ..., GM, ... —serial numbers of the shift
register units at a first stage, a second stage, . . . , an N-th
stage, . . ., an M-th stage . . . , or output signals thereof;

GOA unit—the shift register unit;

Q1—a first switch element;

Q2—a second switch element;

Q3—a third switch element;

Q4—a fourth switch element;

DUMMY1—a first shift register unit of a first delay shift
module, or an output signal thereof;

DUMMY2—a second shift register unit of the first delay
shift module, or an output signal thereof;

DUMMY 3—a third shift register unit of a second delay shift
module, or an output signal thereof;
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DUMMY4—a fourth shift register unit of the second delay
shift module, or an output signal thereof;
CTL_A—a first control signal (line);
CTL_B—a second control signal (line).

DESCRIPTION OF THE EMBODIMENTS

In order to make objects, technical details and advantages
of the embodiments of the present disclosure apparent, the
technical solutions of the embodiment will be described in
a clearly and fully understandable way in connection with
the drawings related to the embodiments of the present
disclosure. It is obvious that the described embodiments are
just part of but not all of the embodiments of the disclosure.
Based on the embodiments of the present disclosure, all the
other embodiments that a person ordinarily skilled in the art
obtains without inventive effort are within the scope of the
present disclosure.

Embodiment 1

The embodiment of the present disclosure proposes a gate
driving circuit. The gate driving circuit comprises: a plural-
ity of shift register units connected in cascade, with refer-
ence to FIG. 1(a), FIG. 1(5) and FIG. 1(¢). FIG. 1(a), FIG.
1(b) and FIG. 1(c) constitute a complete gate driving circuit.
A clock signal terminal of each shift register unit has a
corresponding clock signal input. An output terminal at a
previous stage is connected with an input terminal at a next
stage sequentially, which represents that a gate line drive
signal is transmitted stage by stage sequentially under the
control of the clock signal. The output terminal at the next
stage is further connected with a reset terminal at the
previous stage, which represents that the signal at the
previous stage will be reset after the transmission at the next
stage is completed, so as to prepare signal transmission of a
next time. It should be noted that, the wording “connected in
cascade” in the gate driving circuit specifically refers to a
connection relationship including the above-described con-
nection mode and a similar connection mode, which is a
technical term of a clear meaning in the shift register and the
gate driving circuit in the prior art.

With reference to FIG. 2, the gate driving circuit accord-
ing to the embodiment of the present disclosure further
comprises at least two delay shift modules and switch
control modules respectively connected with the delay shift
modules. The delay shift module is located between adjacent
shift register units, and at least one cascaded shift register
unit is further provided between the delay shift modules. The
switch control module is used for controlling different delay
shift modules to be connected between the adjacent shift
register units between adjacent frames, and enabling trans-
mission of a gate line drive signal to skip other delay shift
modules not connected therein, within each frame.

The delay shift module is used for suspending a clock
signal connected with the delay shift module for a prede-
termined time when the delay shift module is connected
between the adjacent shift register units, storing the gate line
drive signal from an adjacent previous stage of shift register
unit at within the predetermined time for which the clock
signal is suspended, and transmitting the gate line drive
signal to an adjacent next stage of shift register unit after the
clock signal is restored.

Therein, the switch control module is implemented by a
group of switch elements correspondingly connected with
each of the delay shift modules. In FIG. 2, the gate driving
circuit comprising three delay shift modules and a group of

10

15

20

25

30

35

40

45

50

55

60

65

6

switch elements correspondingly connected with the delay
shift modules respectively is taken as an example.

It can be seen that, by means of providing the delay shift
modules in at least two different positions, and controlling
whether they operate or not by the corresponding switch
control module, the gate driving circuit achieves an effect of
staggering the predetermined time for which a panel sus-
pends operation in the adjacent frames.

Embodiment 2

The embodiment of the present disclosure proposes a gate
driving circuit having only two delay shift modules. Each
switch control module includes two switch elements (two
switch elements in each group), with reference to FIG. 3(a)
and FIG. 3(b). FIG. 3(a) and FIG. 3(b) are a complete gate
driving circuit.

The gate driving circuit, in addition to the plurality of shift
register units connected in cascade, further comprises: a first
delay shift module 201, whose input terminal is connected
with a second terminal of a first switch element Q1, and
whose output terminal is connected with an input terminal of
a shift register unit at an N-th stage; the first switch element
Q1, whose first terminal is connected with an output termi-
nal of a shift register unit at an (N-1)-th stage; a second
switch element Q2, whose first terminal is connected with
the output terminal of the shift register unit at the (N-1)-th
stage, and whose second terminal is connected with an input
terminal STV of a shift register unit at an (N+1)th stage and
an output terminal of the shift register unit at the N-th stage;
a second delay shift module 202, whose input terminal is
connected with a second terminal of a third switch element
Q3, and whose output terminal is connected with an input
terminal of a shift register unit at an M-th stage; the third
switch element Q3, whose first terminal is connected with an
output terminal of a shift register unit at an (M-1)-th stage;
and a fourth switch element Q4, whose first terminal is
connected with the output terminal of the shift register unit
at the (M-1)-th stage, and whose second terminal is con-
nected with an input terminal STV of a shift register unit at
an (M+1)-th stage and an output terminal of the shift register
unit at the M-th stage; wherein, M and N are positive
integers greater than 1, and M is greater than N.

The gate driving circuit provided by the embodiment of
the present disclosure can stagger the predetermined time for
which a touch screen panel suspends operation within adja-
cent odd and even frames, so as to solve the problem of the
dark lines as viewed by human eyes.

Hereinafter, a more specific preferred gate driving circuit
will be introduced, with reference to FIG. 4(a) and FIG.
4(b). F1G. 4(a) and FIG. 4(b) are a complete gate driving
circuit. Based on the above-described gate driving circuit,
the first delay shift module includes a first shift register unit
DUMMY1 and a second shift register unit DUMMY?2
connected in cascade sequentially. An input terminal STV of
the first shift register unit serves as the input terminal of the
first delay shift module, and an output terminal Output of the
second shift register unit serves as the output terminal of the
first delay shift module. The output terminals of the first shift
register unit DUMMY1 and the second shift register unit
DUMMY?2 are not connected with corresponding gate lines.

The second delay shift module includes a third shift
register unit DUMMY3 and a fourth shift register unit
DUMMY4 connected in cascade sequentially. An input
terminal STV of the third shift register unit serves as the
input terminal of the second delay shift module, and the
output terminal Output of the second shift register umt
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serves as the output terminal of the second delay shift
module. The output terminals of the third shift register unit
DUMMY3 and the fourth shift register unit DUMMY4 are
not connected with corresponding gate lines.

For the first delay shift module, the output terminal
Output of the first shift register unit, a reset terminal RST of
the second shift register unit, the output terminal Qutput of
the shift register unit at the N-th stage, and a reset terminal
RST of the shift register unit at the (N-1)-th stage are
connected at one point. For the second delay shift module,
the output terminal Output of the third shift register unit
DUMMYS3, a reset terminal RST of the fourth shift register
unit DUMMY4, an output terminal Output of the shift
register unit at the M-th stage, and a reset terminal RST of
the shift register unit at the (M-1)-th stage are connected at
one point.

The gate driving circuit further comprises: a first control
signal line CTL_A, which is connected with control termi-
nals of the first switch element Q1 and the third switch
element Q3; a second control signal line CTL_B, which is
connected with control terminals of the second switch
element Q2 and the fourth switch element Q4.

Under a preferred condition, the switch element is a
field-effect transistor. In this case, preferably, the first ter-
minal of the switch element is a drain of the field-effect
transistor, the second terminal of the switch element is a
source of the field-effect transistor, and the control terminal
of the switch element is a gate of the field-effect transistor.
More preferably, the field-effect transistor is a Thin Film
field-effect Transistor (TFT).

For such a delay shift module, when a TSP signal acqui-
sition process begins, clock signals CK and CKB will stop
operating (for example, they will change into a constant low
level), and the corresponding gate line drive signal will be
maintained in the first shift register unit DUMMY1. After
the acquisition process comes to an end, the clock signals
CK and CKB will continue to operate, and driven thereby,
the gate line drive signal will be transmitted to the shift
register unit at a next stage continuously. Because a clock
position when the TSP signal acquisition begins is uncertain,
abnormal transmission of the gate line drive signal may
occur in a process of stopping or resetting the clock (for
example, in case of a rising edge and a falling edge, the gate
line drive signal is transmitted downwards). The two shift
register units here play a role of buffering, so that positions
where the gate line drive signal is transmitted before and
after the TSP signal acquisition are both corresponding to
the clock signals.

Hereinafter, a working principle of the preferred gate
driving circuit will be described.

It will be illustrated with reference to the circuit diagrams
FIG. 4(a) and FIG. 4(b) in conjunction with the timing of
FIG. 5. “Odd Frame” represents an odd frame. “Even
Frame” represents an even frame. “TSP work time” repre-
sents a TSP signal acquisition time period. At the very
beginning, the gate line drive signal is input at the STV. The
shift register units transmit the gate line drive signal sequen-
tially under action of the clock signals CK and CKB.

Operation in Odd Frame

When an output signal GN-1 of the shift register unit at
the (N-1)-th stage is at a high level, the CTL_A outputs a
high level, the CTL_B outputs a low level, the Q1 transistor
is turned on, and the Q2 transistor is turned off. At this time,
a GN-1 high level signal output by the shift register unit at
the (N-1)-th stage is transmitted to the input terminal STV
of the first shift register unit DUMMY1, but the CK and the
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CKB stop operating, the shift register units stop transmitting
the gate line drive signal, and the TSP signal acquisition
begins.

When the TSP signal acquisition comes to an end, the CK
and the CKB restore operating, the CTL_A is still outputting
the high level at this time, the input terminal STV of the first
shift register unit DUMMY1 receives a high level output
signal GN-1 of the shift register unit at the (N-1)-th stage,
and outputs the high level signal when the clock signal is at
the high level, to transmit it to the input terminal STV of the
second shift register unit DUMMY?2, and then the CTL_A
restores to the low level. Since connection of the reset
terminal is designed for the circuit, the shift register unit at
each stage will automatically reset the signal in the shift
register unit at the previous stage after outputting the high
level signal. Since the output terminal Output of the first
shift register unit, the reset terminal RST of the second shift
register unit, the output terminal Output of the shift register
unit at the N-th stage, and the reset terminal RST of the shift
register unit at the (N-1)-th stage are connected at one point,
when the output terminal GN of the shift register unit at the
N-th stage outputs the high level, the shift register unit at the
(N-1)-th stage, the first shift register unit DUMMY1 and the
second shift register unit DUMMY?2 will be reset.

When the shift register unit continues to operate to GM-1,
the CTL_A outputs the low level, the CTL_B outputs the
high level, the Q3 transistor is turned off, and the Q4
transistor is turned on. At this time, the CK and the CKB
continue to operate, and the gate line drive signal skips
DUMMY3 and DUMMY4 to the GM input terminal and is
transmitted downward continuously. After the GM outputs
the high level, the CTL_B restores to the low level.

Operation in Even Frame

When the output signal GN-1 of the shift register unit at
the (N-1)-th stage is at the high level, the CTL_A outputs
the low level, the CTL_B outputs the high level, the Q1
transistor is turned off, and the Q2 transistor is turned on. At
this time, the CK and the CKB continue to operate, and the
gate line drive signal skips DUMMY1 and DUMMY?2 to the
GM input terminal and is transmitted downward continu-
ously. After the GM outputs the high level, the CTL_B
restores to the low level.

When the output signal GM-1 of the shift register unit at
the (M-1)-th stage is at the high level, the CTL_A outputs
the high level, the CTL_B outputs the low level, the Q3
transistor is turned on, and the Q4 transistor is tured off. At
this time, the GM-1 high level signal output by the shift
register unit at the (M-1)-th stage is transmitted to the input
terminal STV of the third shift register unit DUMMY3, but
at this time, the CK and the CKB signals stop operating, the
shift register units stop transmitting the gate line drive
signal, and the TSP signal acquisition begins.

When the TSP signal acquisition comes to an end, the CK
and the CKB restore operating, the CTL_A is still outputting
the high level at this time, the input terminal STV of the third
shift register unit DUMMY3 receives the high level output
signal GM-1 of the shift register unit at the (M-1)-th stage,
and outputs the high level signal when the clock signal is at
the high level, to transmit it to the input terminal STV of the
fourth shift register unit DUMMY4, and then the CTL_A
restores to the low level. Since connection of the reset
terminal is designed for the circuit, the shift register unit at
each stage will automatically reset the signal in the shift
register unit at the previous stage after outputting the high
level signal. Since the output terminal Qutput of the third
shift register unit, the reset terminal RST of the fourth shift
register unit, the output terminal Output of the shift register
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unit at the M-th stage, and the reset terminal RST of the shift
register unit at the (M-1)-th stage are connected at one
point, when the output terminal GN of the shift register unit
at the M-th stage outputs the high level, the shift register unit
at the (M-1)-th stage, the third shift register unit DUMMY?3
and the fourth shift register unit DUMMY4 will be reset.

Having undergone such a series of processes, when the
gate driving circuit is in the odd frame, the first delay shift
module stops operating, to acquire the TSP signal. And when
the gate driving circuit is in the even frame, the second delay
shift module stops operating, to acquire the TSP signal. That
is to say, the predetermined times for which the panel
suspends operation are staggered within adjacent odd and
even frames, so that the times when there are dark lines as
viewed by human eyes within each frame cycle are stag-
gered, so as to solve the problem that the dark lines might
appear.

Of course, the embodiment of the present disclosure only
uses the delay shift modules in two different positions, but
those skilled in the art can set delay shift modules in a
plurality of different positions under the same inventive
concept, so as to further improve the problem that the dark
lines might appear, or can select a delay shift module or a
switch control module of other structure to implement the
same function, without departing from the spirit and scope
of the technical solution of the present disclosure.

Embodiment 3

The embodiment of the present disclosure provides an
array substrate, comprising a Gate On Array (GOA) region
and a display region. The above-described GOA region is
provided with any gate driving circuit as described in
Embodiment 1 or Embodiment 2.

Since the array substrate provided by the embodiment of
the present disclosure and the gate driving circuit provided
by Embodiment 1 or 2 have the same technical features, they
can solve the same technical problem and generate the same
technical effect.

Embodiment 4

Based on the same inventive concept, the embodiment of
the present disclosure provides a display device. The display
device comprises any array substrate according to Embodi-
ment 3. The display device may be a liquid crystal panel,
E-paper, an OLED panel, a mobile phone, a tablet computer,
a television, a monitor, a notebook computer, a digital photo
frame, a navigator, or any other product or component
having a display function.

Since the display device provided by the embodiment of
the present disclosure and the gate driving circuit provided
by Embodiment 1 or 2 have the same technical feature, they
can solve the same technical problem and generate the same
technical effect.

Embodiment 5

Corresponding to the above-described gate driving cir-
cuit, the embodiment of the present disclosure provides a
driving method applied to any gate driving circuit in
Embodiment 1 or Embodiment 2. The method comprises:
controlling different delay shift modules to be connected
between adjacent shift register units, between adjacent
frames, by a switch control module; enabling transmission
of a gate line drive signal to skip other delay shift modules
not connected therein, within each frame, by the switch
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control module. That is to say, on the basis of any gate
driving circuit according to Embodiment 1 or Embodiment
2, the following is implemented by the switch control
module: firstly, only one delay shift module is connected
within each frame; secondly, different delay shift modules
are connected between the adjacent frames; thirdly, when the
delay shift module is connected, the delay shift module is
located between the adjacent two shift registers; and
fourthly, the transmission of the gate line drive signal is
made skip other delay shift modules not connected therein,
within each frame.

The delay shift modules connected therein within the
adjacent frames are all located in different positions, which
can stagger the predetermined time for suspending operation
within the adjacent frames; and meanwhile, since only one
delay shift module is connected within each frame, overall
time of each frame does not change. Therefore, the design
can solve the problem of the dark lines on the screen as
viewed by human eyes when the method is applied to the
display device.

Preferably, when the delay shift module is connected
between the adjacent shift register units, by suspending a
clock signal connected with the delay shift module for a
predetermined time, the delay shift module enters a touch
scanning stage within the predetermined time for which the
clock signal is suspended.

FIG. 5 is referred to for the position schematic diagram of
the predetermined time for which the clock signal CK is
suspended in the timing diagram. It can be seen that, the
position of the delay shift module with respect to the
plurality of shift register units connected in cascade corre-
sponds to the position of the start time of the predetermined
time for which the clock signal is suspended within each
frame with respect to the clock signal throughout the pro-
cess. That is to say, in order that the gate line drive signal
reaches the corresponding delay shift module at the prede-
termined time for which the clock signal is suspended, so as
to implement a function thereof, it is necessary to design the
time for which the clock signal is suspended and the position
where the delay shift module is located correspondingly.

Preferably, the switch control module includes a group of
switch elements corresponding to each of the delay shift
modules. Each group of switch elements includes a first
switch element and a second switch element. In a group of
switch elements corresponding to a delay shift module
between shift register units at an (N-1)-th stage and that at
an N-th stage, a first terminal of the first switch element and
a first terminal of the second switch element are both
connected with an output terminal of the shift register umt
at the (N-1)-th stage; a second terminal of the first switch
element is connected with a gate line drive signal input
terminal of the delay shift module; a gate line drive signal
output terminal of the delay shift module is connected with
an input terminal of the shift register unit at the N-th stage;
a second terminal of the second switch element is connected
with an output terminal of the shift register unit at the N-th
stage; a control terminal of the first switch element is
connected with a first control signal line, and a control
terminal of the second switch element is connected with a
second control signal line.

The controlling different delay shift modules to be con-
nected between adjacent shift register units, between adja-
cent frames, by a switch control module specifically
includes: controlling turn-on of the output terminal of the
shift register unit at the (N-1)-th stage to be connected with
the input terminal of the delay shift module by the first
switch element, at a start time of the predetermined time for
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which the clock signal is suspended, within a frame, the
delay shift module being connected between the adjacent
shift registers, and other delay shift modules controlling the
output terminal of the shift register unit at the (N-1)-th stage
to be connected with the input terminal of shift register at the
N-th stage by the second switch element.

Preferably, when the delay shift module is connected
between the adjacent shift register units, the first control
signal line CTL_A controls the first switch element to be on
before output of the clock signal is suspended for a clock
cycle, as shown in FIG. 5. With the signal of the first control
signal line CTL_A as an example, when the clock signal CK
is a high level signal at GN-1, the CTL_A begins to become
to be at the high level, the clock signal CK controls the first
switch element to be closed after the output of the clock
signal is restored for a clock cycle. That is, the CTL_A
restores to the low level after the clock signal CKB outputs
the high level signal at DUMMY1. The first control signal
line CTL_A is arranged in such a way to ensure effective
transmission of the signal.

That is to say, the first switch control signal line can
control ON (the first terminal is connected with the second
terminal) or OFF (the first terminal is disconnected from the
second terminal) of all the first switch elements in the switch
control module; and the second switch control signal line
can control ON (the first terminal is connected with the
second terminal) or OFF (the first terminal is disconnected
from the second terminal) of all the second switch elements
in the switch control module. Therefore, when the delay shift
module is connected therein, the first switch element is ON
(and the second switch element is OFF), and when the delay
shift module is not connected therein, the second switch
element is ON (and the first switch element is OFF). In this
way, the function of the switch control module can be
implemented by only two switch control signal lines, which
is conducive to simplification of layout of the gate driving
circuit and reduction of the overall size.

Each frame of the gate driving circuit includes a display
stage and a touch scanning stage, the touch scanning stage
being included within the predetermined time for which the
clock signal is suspended. That is to say, here specifically the
gate driving circuit is used in a touch display device, and the
touch scanning stage thereof (corresponding to the above-
described TSP acquisition process) is designed within the
predetermined time for which the clock signal is suspended,
which achieves that the predetermined time for which a
touch screen panel suspends operation within the adjacent
odd and even frames are staggered, so as to solve the
problem of the dark lines as viewed by human eyes.

In summary, the present disclosure provides the delay
shift modules in at least two different positions (for example,
between the (N-1)-th stage and the N-th stage, and between
the (M-1)-th stage and the M-th stage), and controls whether
they operate or not by the switch control module, so as to
achieve an effect of staggering the predetermined time for
which the panel suspends operation in the adjacent frames.
The present disclosure can stagger positions of the prede-
termined times for which the touch screen panel suspends
operation within the adjacent odd and even frames, so as to
solve the problem of the dark line as viewed by human eyes.

It should be noted that, in this specification, terms like
“first” and “second” are only used to differentiate one entity
or operation from another, but are not necessarily used to
indicate any practical relationship or order between these
entities or operations. Moreover, terms such as “include”,
“comprise” or any variation of the terms mean “including
but not limited to”. Therefore, a process, method, object, or
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device that includes a series of elements not only includes
these elements, but also includes other elements that are not
specified expressly, or may further include inherent elements
of the process, method, object or device. In the case that
there are no more limitations, in the context of a element that
is defined by “includes one . . . ”, the process, method, object
or device that includes the element may include other
identical elements.

The above embodiments are only used to illustrate the
technical solution of the present disclosure, which is not
intended to limit the disclosure. Although the above embodi-
ments have described the present disclosure in detail, those
of ordinary skill in the art should understand that: they can
still make modification or equivalent replacement to the
technical solutions of the above embodiments; and the
modification, or equivalent replacement does not render the
technical solution of each embodiment in the present dis-
closure departing from the spirit and principle of the present
disclosure.

What is claimed is:

1. A gate driving circuit, comprising a plurality of shift
register units connected in cascade, wherein, the gate driving
circuit further comprises:

at least two delay shift modules, each delay shift module

being located between adjacent shift register units, and
at least one cascaded shift register unit being further
provided between the delay shift modules; and

a switch control module respectively connected with the

delay shift modules, the switch control module being
used for controlling different delay shift modules to be
connected between the adjacent shift register units
between adjacent frames, and enabling transmission of
a gate line drive signal to skip other delay shift modules
not connected therein within each frame;

the delay shift module being used for suspending a clock

signal connected with the delay shift module for a
predetermined time when connected between the adja-
cent shift register units, storing the gate line drive
signal from a shift register unit at an adjacent previous
stage within the predetermined time for which the clock
signal is suspended, and transmitting the gate line drive
signal to a shift register unit at an adjacent next stage
after the clock signal is restored.

2. The gate driving circuit according to claim 1, wherein,
the switch control module includes a group of switch
elements corresponding to each of the delay shift modules,
each group of switch elements being used for outputting a
switch control signal to a delay shift module corresponding
thereto, the switch control signal controlling the delay shift
module to be connected between the adjacent shift register
units, or enabling the transmission of the gate line drive
signal to skip the delay shift module.

3. The gate driving circuit according to claim 2, wherein,
each group of switch elements include a first switch element
and a second switch element; in a group of switch elements
corresponding to a delay shift module between shift register
unit at an (N-1)-th stage and that at an N-th stage, a first
terminal of the first switch element and a first terminal of the
second switch element are both connected with an output
terminal of the shift register unit at the (N-1)-th stage; a
second terminal of the first switch element is connected with
an input terminal of the delay shift module; an output
terminal of the delay shift module is connected with an input
terminal of the shift register unit at the N-th stage; a second
terminal of the second switch element is connected with an
output terminal of the shift register unit at the N-th stage; a
control terminal of the first switch element is connected with
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a first control signal line, and a control terminal of the
second switch element is connected with a second control
signal liner, N being an integer no less than 2.

4. The gate driving circuit according to claim 3, wherein,
the delay shift module includes a first shift register unit and
a second shift register unit connected in cascade, the two
shift register units being connected in cascade between the
shift register unit at the (N-1)-th stage and that at the Nth
stage, an input terminal of the first shift register unit serving
as the input terminal of the delay shift module, and an output
terminal of the second shift register unit serving as the
output terminal of the delay shift module, the input terminal
of the first shift register unit being connected with the output
terminal of the shift register unit at the (N-1)-th stage via the
first switch element; the output terminal of the first shift
register unit and a reset terminal of the second shift register
unit being connected with the output terminal of the shift
register unit at the N-th stage and a reset terminal of the shift
register unit at the (N-1)-th stage at one point, and N being
an integer no less than 2.

5. The gate driving circuit according to claim 2, wherein,
the switch element is a thin film field-effect transistor.

6. An array substrate, wherein, the array substrate com-
prises the gate driving circuit according to claim 1.

7. A display device, wherein, the display device comprises
the array substrate according to claim 6.

8. A driving method for use in the gate driving circuit
according to claim wherein, the method comprises:

controlling different delay shift modules to be connected

between adjacent shift register units, between adjacent
frames, by a switch control module;

enabling transmission of a gate line drive signal to skip

other delay shift modules not connected therein, within
each frame, by the switch control module.

9. The driving method according to claim 8, wherein,
when the delay shift module is connected between the
adjacent shift register units, a clock signal connected with
the delay shift module is suspended for a predetermined
time, and a touch scanning stage is entered within the
predetermined time for which the clock signal is suspended.

10. The driving method according to claim 8, wherein, the
switch control module includes a group of switch elements
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corresponding to each of the delay shift modules, each group
of switch elements including a first switch element and a
second switch element; in a group of switch elements
corresponding to a delay shift module between shift register
units at an (N-1)-th stage and an N-th stage, a first terminal
of the first switch element and a first terminal of the second
switch element are both connected with an output terminal
of the shift register unit at the (N-1)-th stage; a second
terminal of the first switch element is connected with a gate
line drive signal input terminal of the delay shift module: a
gate line drive signal output terminal of the delay shift
module is connected with an input terminal of the shift
register unit at the N-th stage; a second terminal of the
second switch element is connected with an output terminal
of the shift register unit at the N-th stage; a control terminal
of the first switch element is connected with a first control
signal line, and a control terminal of the second switch
element is connected with a second control signal line;
the controlling different delay shift modules to be con-
nected between adjacent shift register units, between
adjacent frames, by a switch control module specifi-
cally includes:

controlling the output terminal of the shift register unit at

the (N-1)-th stage to be connected with the input
terminal of the delay shift module by the first switch
element at a start time of the predetermined time for
which the clock signal is suspended, within a frame, the
delay shift module being connected between the adja-
cent shift registers, and other delay shift modules
controlling the output terminal of the shift register unit
at the (N-1)-th stage to be connected with the input
terminal of the shift register at the N-th stage by the
second switch element, N being an integer no less than
2.

11. The driving method according to claim 10, wherein,
when the delay shift module is connected between the
adjacent shift register units, the first control signal line
controls the first switch element to be ON before output of
the clock signal is suspended for a clock cycle, and controls
the first switch element to be ON after the output of the clock
signal is restored for a clock cycle.
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