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GATE DRIVING APPARATUS FOR PIXEL
ARRAY AND DRIVING METHOD
THEREFOR

TECHNICAL FIELD The present disclosure relates
to a gate drive device of a pixel array and a drive
method thereof:

BACKGROUND

[0001] A liquid crystal display belongs to a display prod-
uct of dynamic scanning type. When displaying one-frame
picture, the liquid crystal display scans pixels one row by
one row, and enables human eyes to feel a displayed
one-frame picture by utilizing human eyes’ visual residual
effect, so as to realize displaying of the entire picture.
Therefore, in the process of normal display of the liquid
crystal display, at each time point, a gate line signal of only
one gate line is a scanning signal (for example, high voltage)
to scan its corresponding pixel row, while gate line signals
of remaining gate lines are non-scanning signals (for
example, low voltage).

[0002] However, when the liquid crystal display is started
up, it needs to initialize a gate line signal of each gate line
to a low voltage (VGL) so as to initialize all the pixel rows
to a non-scanning state, which thus cause that the current of
a power supply voltage terminal providing a low voltage
becomes very large in a moment; on the other hand, when
the liquid crystal is shut down, for the reasons of eliminating
shut-down image sticking and protecting the liquid crystal
display and so on, it requires to put a gate line signal of each
gate line at a high voltage (VGH), such that all the pixel
rows are in a scanned state so as to realize quick discharging
of all the pixels. At this time, it would result in that the
current of the power supply voltage terminal providing a
high voltage becomes very large in a moment.

[0003] Since the liquid crystal display causes the output
current of the power supply voltage terminal that provides
the low voltage (VGL) or the high voltage (VGH) to become
very large when being started up or shut down, it then results
in that a load of a power supply chip that provides the low
voltage (VGL) or the high voltage (VGH) becomes very
large in a moment, and also makes that the input current
received by a power supply input terminal of the power
supply chip from an external power supply becomes large in
a moment, which is easy to cause the power supply chip
damaged, a connection wire between a power supply input
terminal of a power supply chip on the liquid crystal display
panel and an external power supply burned out, and a fuse
wire on the liquid crystal display panel damaged.

[0004] Therefore, a gate drive device which is capable of
reducing current impact when the liquid crystal display is
started up or shut down is needed.

SUMMARY

[0005] Inorderto solve the above technical problem, there
is provided a gate drive device, which reduces the current
impact when a liquid crystal display is started up or shut
down by dividing all gate lines of the liquid crystal display
into a plurality of groups, staggering the initialization opera-
tion of each group of gate lines for a period of time when the
liquid crystal display is started up, and staggering discharg-
ing operation of each group of gate lines for a period of time
when the liquid crystal display is shut down.
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[0006] According to one aspect of the present disclosure,
there is provided a gate drive device of a pixel array, the
pixel array comprising N gate lines, the gate drive device
comprising: a plurality of gate drivers, in which the N gate
lines are divided into a plurality of groups, each of which
comprises a plurality of gate lines, the plurality of gate
drivers and the plurality of groups are in one-to-one corre-
spondence, and each gate driver is used for generating gate
drive signals for a plurality of gate lines in the group
corresponding to the gate driver, where N is an integer
greater than or equal to 4; a driver control module, config-
ured to generate multiple driver control signals, the multiple
driver control signals and the plurality of gate drivers are in
one-to-one correspondence, and state switches of any two
driver control signals in the multiple driver control signals
differs at least a first time, wherein the plurality of gate
drivers switch from a first state to a second state sequentially
under control of the multiple driver control signals, and each
of the gate drivers generates gate drive signals with an
identical phase for a plurality of gate lines in its correspond-
ing group in the second state.

[0007] According to an embodiment of the present disclo-
sure, the first state is a normal operation state, and the second
state is a shut-down transient state. In the first state, at any
moment, only one gate drive signal of the plurality of gate
drive signals generated by one gate driver of the plurality of
gate drivers for the plurality of gate lines in a group
corresponding to the gate driver is in a valid drive level
while remaining gate drive signals are in an invalid drive
level, and gate drive signals generated by remaining gate
drivers in the plurality of gate drivers are in an invalid drive
level; when one gate driver of the gate drivers switches from
the first state to the second state, the gate driver simultane-
ously generates gate drive signals being in a valid drive level
for a plurality of gate lines in the group corresponding to the
gate driver.

[0008] According to the embodiment of the present dis-
closure, the first state is a shut-down state, and each of the
gate drivers does not output a gate drive signal in the first
state; the second state is a start-up transient state, and when
one gate driver of the gate drivers switches from the first
state to the second state, the gate driver simultaneously
generates gate drive signals being in an invalid drive level
for a plurality of gate lines in the group corresponding to the
gate driver.

[0009] According to an embodiment of the present disclo-
sure, the driver control module comprises: a plurality of
control signal generating modules, each of which comprises:
a control voltage generating module configured to generate
a control voltage; and an output module, whose first input
terminal receivers the control voltage generated by the
control voltage generating module, second input terminal
receives a reference voltage, and output terminal is taken as
an output terminal of the control signal generating module,
and configured to generate one driver control signal based
on the control voltage and the reference voltage, the driver
control signal is a first level when the control voltage and the
reference voltage satisfy a first relationship, while the driver
control signal is a second level when the control voltage and
the reference voltage do not satisfy the first relationship.
[0010] According to an embodiment of the present disclo-
sure, the driver control module comprises; a first control
signal generating module, and a plurality of delay units; the
first control signal generating module is configured to a first
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driver control signal, and comprises: a control voltage
generating module configured to generate a control voltage;
and an output module, whose first input terminal receives the
control voltage generated by the control voltage generating
module, second input terminal receives a reference voltage,
and output terminal is taken as an output terminal of the first
control signal generating module, configured to generate the
first driver control signal based on the control voltage and
the reference voltage, wherein the first driver control signal
is the first level when the control voltage and the reference
voltage satisfy the first relationship, while the first driver
control signal is the second level when the control voltage
and the reference voltage do not satisty the first relationship;
the plurality of delay units are configured to generate driver
control signals other than the first driver control signal in the
multiple driver control signals.

[0011] According to another aspect of the present disclo-
sure, there is provided a drive method of the gate drive
device as described above, comprising: generating, by a
driver control module, multiple driver control signals
sequentially, the multiple driver control signals and a plu-
rality of gate drivers are in one-to-one correspondence, and
state switching of any two driver control signals of the
multiple driver control signals having a difference of at least
a first time; and switching, by the plurality of gate drivers,
from a first state to a second state sequentially under control
of the multiple driver control signals respectively, and
generating, by each of the gate drivers, gate drive signals
with an identical phase for the plurality of gate lines in the
group corresponding to the gate driver under ac second state.
[0012] According to an embodiment of the present disclo-
sure, reference voltages of respective control signal gener-
ating modules in the plurality of control signal generating
modules are the same with each other, and an output module
of each of the plurality of control signal generating modules
is made to generate sequentially the multiple driver control
signals corresponding one-to-one with the plurality of gate
drivers by controlling control voltages of respective control
signal generating modules in the plurality of control signal
generating modules.

[0013] According to an embodiment of the present disclo-
sure, the control voltages of respective control signal gen-
erating modules in the plurality of control signal generating
modules are the same with each other, and the output module
of respective control signal generating modules in the plu-
rality of control signal generating modules are made to
generate sequentially the multiple driver control signals
corresponding one-to-one with the plurality of gate drivers
by controlling the reference voltages of respective control
signal generating modules in the plurality of control signal
generating modules.

[0014] According to the embodiment of the present dis-
closure, the output modules of respective control signal
generating modules in the plurality of control signal gener-
ating module are made to generate sequentially the plurality
of controller control signals corresponding one-to-one with
the plurality of gate drivers by controlling the reference
voltages and the control voltages of respective control signal
generating modules in the plurality of control signal gener-
ating modules.

[0015] According to an embodiments of the present dis-
closure, generating multiple driver control signals by the
driver control module comprises: generating a first driver
control signal; and delaying a j-th driver control signal at
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least a first time to obtain a (j+1)-th driver control signal,

where j=1, ..., n-1, nis a number of gate drivers in the gate
drive device.
[0016] According to another aspect of the present disclo-

sure, there is provided a display panel, comprising a pixel
array, a source drive device, and a gate drive device accord-
ing to embodiments of the present disclosure.

[0017] On one hand, by adopting the gate drive device
according to the embodiments of the present disclosure, and
by utilizing multiple control signals having a time delay
between each other to control a plurality of gate drivers, the
turn-on time of respective gate drivers can be made stag-
gered when it is started up, such that impact current gener-
ated when the respective gate drivers are turned on are
staggered from each other and not overlapped when it is
started up, which reduces total impact currents (total impact
currents of the power supply voltage terminal that provides
the low voltage) when it is started up. On the other hand, by
adopting the gate drive device according to the embodiments
of the present disclosure, the turn-off time of respective gate
drivers can be made staggered when it is shut down, such
that impact current generated when the respective gate
drivers are turned off are staggered from each other and not
overlapped when it is shut down, which reduces total impact
currents (total impact currents of the power supply voltage
terminal that provides the high voltage) when it is shut
down.

[0018] Other characteristics and advantages of the present
disclosure will he described in the subsequent specification,
and would be obvious partly from the specification, or would
be understood through implementation of the present dis-
closure. Purposes and other advantages of the present dis-
closure can be realized and obtained through structures
specifically indicated in the specification, Claims and draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The above and other purposes, characteristics and
advantages of the present disclosure will become more
evident by describing in detail the embodiments of the
present disclosure in combination with figures. Drawings are
used to provide further understanding of the embodiments of
the present disclosure, form a part of the specification, are
used to explain the present disclosure together with the
embodiments of the present disclosure, and do not form a
limitation to the present disclosure. In the figures, same
reference marks represent generally same means or steps.
[0020] FIG. 1A shows a schematic diagram of a gate
driver being controlled by a driver control signal when a
present thin film transistor liquid crystal display is started up
or shut down;

[0021] FIG. 1B shows a circuit diagram of a driver control
signal generating module;

[0022] FIG. 2 shows a schematic block diagram of a gate
drive device of an pixel array according to an embodiment
of the present disclosure;

[0023] FIG. 3 shows a schematic block diagram of'a driver
control module according to a first embodiment of the
present disclosure;

[0024] FIG. 4 shows a schematic block diagram of a
control signal generating module according to a first
embodiment of the present disclosure;
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[0025] FIG. 5A shows a first schematic circuit diagram of
a control signal generating module according to a first
embodiment of the present d disclosure;

[0026] FIG. 5B shows a second schematic circuit diagram
of a control signal generating module according to a first
embodiment of the present disclosure;

[0027] FIG. 6 shows a schematic circuit diagram of a
driver control module according to a first embodiment of the
present disclosure;

[0028] FIG. 7 shows one schematic specific implementa-
tion of a driver control module according to a first embodi-
ment of the present disclosure;

[0029] FIG. 8 shows another schematic specific imple-
mentation of a driver control module according to a first
embodiment of the present disclosure;

[0030] FIG. 9 shows a variation situation of a voltage of
a first power supply voltage terminal in a process from
start-up to shut-down of a liquid crystal display;

[0031] FIG. 10 shows a schematic block diagram of a
driver control module according to a second embodiment of
the present disclosure;

[0032] FIG. 11 shows a schematic circuit diagram of a
driver control module according to a second embodiment of
the present disclosure; and

[0033] FIG. 12 shows a display panel according to an
embodiment of the present disclosure.

DETAILED DESCRIPTION

[0034] In order to make purposes, technical solutions and
advantages of embodiments of the present disclosure more
evident, exemplary embodiments of the present disclosure
will be described in detail by referring to accompanying
drawings. Obviously, the exemplary embodiments described
below are just a part of embodiments of the present disclo-
sure, but not all the embodiments of the present disclosure.
All the other embodiments obtained by those skilled in the
art without any inventive work shall fall into the protection
scope of the present disclosure.

[0035] Herein, it should be noted that in the figures, the
same reference numerals are basically given to components
having the same or similar structures and functions, and their
repeated description will be omitted.

[0036] As shown in FIG. 1A, when a present thin film
transistor liquid crystal display (TFT-LCD) is started up or
shut down, a gate driver GOA is controlled by a driver
control signal XON. When the display is started up, the
signal XON jumps from low level to high level, and all
output terminals G1, G2, . . ., G(N-1), and GN of the gate
driver are pulled down to a low voltage VGL, when the
display is shut down, the signal XON jumps from high level
to low level, and all the output terminals G1, G2, . . .,
G(N-1), and GN of the gate driver are pulled up to a high
voltage VGH. Generally, the high voltage VGH is a positive
voltage, and the low voltage VGL is a negative voltage.
[0037] As shown in FIG. 1B, it shows a driver control
signal XON generating module. The XON generating mod-
ule comprises a comparator P and a switch transistor M. An
inverting input terminal (“="") of the comparator P is con-
nected to a connecting point O between voltage dividing
resistors R1 and R2, a non-inverting input terminal (“+7)
thereof is connected to a reference voltage terminal REF,
and an output terminal thereof is connected to a gate of the
switch transistor M; a drain of the switch transistor M is
connected to a high voltage terminal VIM via a pull-up

Jul. 9, 2020

resistor R3, and a source thereof is connected to a low
voltage terminal VSS. For example, the high voltage termi-
nal VHH can provide a high voltage of 3.3V, and the low
voltage terminal VSS can be a ground and can provide a low
voltage of OV. For example, the reference voltage provided
by the reference voltage terminal REF is higher than. OV and
lower than a dividing voltage generated at the connecting
point O when a power supply voltage VDD/VIN is applied
to the voltage dividing resistors R1 and 2 R.

[0038] When the liquid crystal display is started up, the
power supply voltage VDD/VIN is applied to the voltage
dividing resistors R1 and R2, and a voltage of the non-
inverting input terminal of the comparator P in the XON
generating module becomes lower than a voltage of the
inverting input terminal thereof. Therefore, the output ter-
minal of the comparator P outputs the low level, the switch
transistor M in the XON generating module is switched off,
and at this time the XON signal raises from low level to high
level. On the other hand, when the liquid crystal display is
shut down, since the power supply voltage VDD/VIN is not
applied to the voltage dividing resistors R1 and R2, the
voltage of the non-inverting input terminal of the compara-
tor P in the XON generating module would become higher
than the voltage of the inverting input terminal. Therefore,
the output terminal of the comparator P outputs high level,
the switch transistor M in the XON generating module is
switched on, and the XON signal is pulled down from high
level to low level.

[0039] As shown in FIG. 2, it shows a schematic block
diagram of a gate drive device 200 of a pixel array according
to an embodiment of the present disclosure. According to the
embodiment of the present disclosure, the gate drive device
200 comprises a plurality of gate drivers 221, 222, . . .,
22(n-1), 22» and a driver control module 210.

[0040] The pixel array comprises N gate lines which are
divided into a plurality of groups, for example, n groups,
each of which comprises a plurality of gate lines, where n is
an integer greater than or equal to 2, and N is an integer
greater than or equal to 4.

[0041] The plurality of gate drivers and the plurality of
groups are in one-to-one correspondence, a first gate driver
221 corresponding to a first group of gate lines, a second
gate driver 222 corresponding to a second group of gate
lines, and so forth, a (n-1)-th gate driver 22(n-1) corre-
sponding to a (n-1)-th group of gate lines, and a n-th gate
driver 22ncorresponding to a n-th group of gate lines. Each
gate driver 22/ is used to generate a gate drive signal for a
plurality of gate lines in its corresponding i-th group, where
i=1, ..., n. Optionally, each group of gate lines can comprise
gate lines with a same number. For example, each group of
gate lines comprises M gate lines.

[0042] The driver control module 210 is configured to
generate multiple driver control signals XON1, XON2, . . .
, XON(n-1), XONn, and the multiple driver control signals
XON1, XON2, ..., XON(n-1), XONn and, the plurality of
gate drivers 221, 222, . . ., 22(n-1), 22» are in one-to-one
correspondence. State switching of any two driver control
signals of the multiple driver control signals XON1, XON2,
..., XON(n-1), XONn differs at least a first time. The state
switching of the driver control signal can comprise at least
one of: the driver control signal switches from the high level
to the low level, the driver control signal switches from the
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low level to the high level, and the first time can be for
example duration of current impact generated for each gate
driver.

[0043] Under control of the multiple driver control signals
XONT1, XON2, ..., XON(n-1), and XONn, the plurality of
gate drivers 221, 222, . . ., 22(n-1), 22r switch from the first
state to the second state sequentially, and each gate driver
22i generates a gate drive signal with the same phase for a
plurality of gate lines in an i-th group corresponding to the
gate driver 22/ under the second state.

[0044] According to the embodiment of the present dis-
closure, in the process of start-up of the display, the first state
is a shut-down state, and the second state is a start-up
transient state. Under the first state, each gate driver does not
output a gate driving signal. Under control of a driver
control signal XONi corresponding to the i-th gate driver 22/
in the plurality of gate drivers, when being switched from
the first state (shut-down state) to the second state (start-up
transient state), the i-th. gate driver 22/ generates a gate drive
signal of an invalid drive level for the plurality of gate lines
in its corresponding i-th group.

[0045] According to the embodiment of the present dis-
closure, in the process of shut-down of the display, the first
state is a normal operation state, and the second state is a
shut-down transient state. In the first state, at any moment,
only one gate drive signal of the plurality of gate drive
signals generated by one gate driver of the plurality of gate
drivers for the plurality of gate lines in a group correspond-
ing to the gate driver is in a valid drive level, while the
remaining gate drive signals are in the inactive drive level,
and gate drive signals generated by the remaining gate
drivers in the plurality of gate drivers are all in the inactive
drive level. Under control the driver control signal XONi
corresponding to the i-th gate driver 22/ in the gate drivers,
when being switched from the first state (normal operation
state) to the second state (shut-down transient state), the i-th
gate driver 22i generates a gate drive signal of the active
drive level for the plurality of gate lines in the i-th group
corresponding to the gate driver 22i.

First Embodiment

[0046] FIG. 3 shows a schematic block diagram of a driver
control module according to a first embodiment of the
present disclosure.

[0047] As shown in FIG. 3, the driver control module 210
comprises a plurality of control signal generating modules
211, 212, . . ., 21(n-1), 21#. The plurality of control signal
generating modules 211, 212, . . ., 21(n-1), 21» and the
plurality of gate drivers 221, 222, . . ., 22(n-1), 22» are in
one-to-one correspondence. Each control signal generating
module 21/ generates a driver control signal XONi for the
i-th gate driver 22i corresponding to the control signal
generating module 21i. For example, a first control signal
generating module 211 is corresponding to the first gate
driver 221, and generates the driver control signal XON1 for
the first gate driver 221; a second control signal generating
module 212 is corresponding to the second gate driver 222,
and generates the driver control signal XON2 for the second
gate driver 222; and so on and so forth; a (n—1)-th control
signal generating module 21(n-1) is corresponding to the
(n-1)-th gate driver 22(n-1), and generates the driver con-
trol signal XON(n-1) for the (n-i)-th gate driver 22(n-1); a
n-th control signal generating module 217 is corresponding
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to the n-th gate driver 22n, and generates the driver control
signal XONn for the n-th gate driver 22x.

[0048] FIG. 4 shows a schematic block diagram of a
control signal generating module according to an embodi-
ment of the present disclosure.

[0049] Each control signal generating module can com-
prise a control voltage generating module 410 and an output
module 420.

[0050] The control voltage generating module 410 is con-
figured to generate a control voltage applicable to the control
signal generating module.

[0051] A first input terminal of the output module 420
receives the control voltage generated by the control voltage
generating module 410, a second input terminal thereof is
connected to a reference voltage terminal REF and receives
a reference voltage Vref from the reference voltage terminal
REF, and an output terminal thereof is taken as an output
terminal of the control signal generating module.

[0052] The output module 420 is configured to generate a
driver control signal based on the control voltage V, gen-
erated by the control voltage generating module 410 and the
reference voltage Vref received from the reference voltage
terminal REF. In particular, when the control voltage V , and
the reference voltage Vref satisfy a first relationship, the
driver control signal is a first level; and when the control
voltage V, and the reference voltage Vref do not satisfy the
first relationship, the driver control signal is a second level.
For example, when the control voltage V , is higher than the
reference voltage Vref, the driver control signal XON is a
high level; and when the control voltage V, is not higher
than the reference voltage Vref, the driver control signal
XON is low level.

[0053] FIG. 5A shows a first schematic circuit diagram of
a control signal generating module according to an embodi-
ment of the present disclosure.

[0054] The control voltage generating module 410 com-
prises a first resistor R1 and the second resistor R2. A first
terminal of the first resistor R1 is connected to a first power
supply voltage terminal VDD, a second terminal of the first
resistor R1 is connected to a first terminal of the second
resistor R2, a second terminal of the second resistor R2 is
connected to a second power supply voltage terminal VGG
and a connecting point O between the second terminal of the
first resistor R1 and the first terminal of the second resistor
R2 is taken as the output terminal of the control voltage
generating module 410.

[0055] The output module 420 comprises a comparator
421, a switch transistor 422, and a third resistor R3. An
inverting input terminal (“~"") of the comparator 421 is taken
as the first input terminal of the output module 420 and
connected to the output terminal of the control voltage
generating module 410, a non-inverting input terminal (“+)
thereof is taken as the second input terminal of the output
module 420 and connected to the reference voltage terminal,
and an output terminal thereof is taken as the output terminal
of the output module 420 and connected to a gate of the
switch transistor 422. A first electrode of the switch transis-
tor 422 is taken as the output terminal of the output module
420 and is connected to a third power supply voltage
terminal VHH via the third resistor R3, and a second
electrode thereof is connected to a fourth power supply
voltage terminal VSS.

[0056] Inthe circuit diagram as shown in FIG. 5A, the first
power supply voltage terminal VDD and the third power
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supply voltage terminal VHH can be a same power supply
voltage terminal and can both provide a voltage of 3.3V; and
the second power supply voltage terminal VGG and the
fourth power supply voltage terminal VSS can be a same
power supply voltage terminal and can be a ground. Addi-
tionally, in the circuit diagram as shown in FIG. 5A, the
switch transistor 422 is a N channel enhancement switch
transistor, a first electrode of the switch transistor 422 is a
drain, and a second electrode thereof is a source.

[0057] In the process of start-up of the liquid crystal
display, the first power supply voltage V ,, of the first power
supply voltage terminal VDD is applied to the first resistor
R1 and the second resistor R2, and an output voltage at point
O can be calculated according to a resistor voltage dividing
formula:

Vo=(Ry/(R1+R2))*Vpp (6]

[0058] where R1 is a resistance value of the first resistor
R1, R2 is a resistance value of the second resistor R2, and
VO is an output voltage at point O. When VO rises to be
higher than the reference voltage Vref of the reference
voltage terminal REF, an output of the comparator 421
switches from high level to low level, the switch transistor
422 changes from turn-on into turn-off, and the XON signal
output by the output module 420 jumps from low level to
high level.

[0059] On the other hand, in the process of shut-down of
the liquid crystal display, the first power supply voltage V
of the first power supply voltage terminal VDD is not
applied to the first resistor R1 and the second resistor R2,
and the output voltage VO at the point O is OV It is apparent
that at this time the output voltage VO at the point O is lower
than the reference voltage Vref of the reference voltage
terminal REF, the output of the comparator 421 switches
from low level to high level, the switch transistor 422
changes from turn-off into turn-on, and the XON signal
output by the output module 420 jumps from high level to
low level.

[0060] FIG. 5B shows a second schematic circuit diagram
of a control signal generating module according to an
embodiment of the present disclosure,

[0061] The output module 420 comprises a comparator
521, a switch transistor 522 and a third resistor R3. An
inverting input terminal (“-”) of the comparator 521 is
connected to the reference voltage terminal REF, a non-
inverting input terminal (“+”) thereof is connected to the
output terminal of the control voltage generating module
410, and an output terminal thereof is connected to a gate of
the switch transistor 522. A first electrode of the switch
transistor 522 is connected to a third power supply voltage
terminal via the third resistor R3, and a second electrode
thereof is connected to a fourth power supply voltage
terminal.

[0062] In the circuit diagram as shown in FIG. 5B, the first
power supply voltage terminal VDD and the third power
supply voltage terminal VHH can be a same power supply
voltage terminal and can provide a voltage of 3.3V; and the
second power supply voltage terminal VGG and the fourth
power supply voltage terminal VSS can be a same power
supply voltage terminal and can be a ground. Additionally,
in the circuit diagram as shown in FIG. 5B, the switch
transistor 522 is a P Channel enhancement switch transistor,
a first electrode of the switch transistor 522 is a source, and
a second electrode thereof is a drain.
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[0063] In the process of start-up of the liquid crystal
display, the first power supply voltage V ,, of the first power
supply voltage terminal. VDD is applied to the first resistor
R1 and the second resistor R2. When the output voltage VO
at point O rises to be higher than the reference voltage Vref
of the reference voltage terminal REF, an output of the
comparator 521 switches from low level to high level, the
switch transistor 522 changes from turn-on into turn-off, and
the XON signal output by the output module 420 jumps from
low level to high level.

[0064] On the other hand, in the process of shut-down of
the liquid crystal display, the first power supply voltage V
of the first power supply voltage terminal VDD is not
applied to the first resistor R1 and the second resistor R2,
and the output voltage V, at the point O is OV. Obviously,
the reference voltage Vref of the reference voltage terminal
REF is higher than the output voltage VO at the point O at
this time, the output of the comparator 521 switches from
high level to low level, the switch transistor 522 changes
from turn-off into turn-on, and the XON signal output by the
output module 420 jumps from high level to low level.
[0065] In FIG. 6, the schematic circuit diagram of driver
control module 210 is shown by taking the control voltage
generating module as shown in FIG. 5A as an example and
taking the driver control module 210 comprising three
control signal generating module as an example.

[0066] A control voltage generating module of the first
control signal generating module 211 comprises a resistor
R11 and a resistor R12, and an output module thereof
comprises a first comparator P1, a first switch transistor M1
and a resistor R13,

[0067] A control voltage of the second control signal
generating module 212 comprises a resistor R21 and a
resistor R22, and an output module thereof comprises a
second comparator P2, a second switch transistor M2 and a
resistor R23.

[0068] A control voltage generating module of the third
control signal generating module 213 comprises a resistor
R31 and a resistor R32, and an output module thereof
comprises third comparator P3, a third switch transistor M3
and a resistor R33.

[0069] In the process of start-up of the liquid crystal
display, the first power supply voltage of the first power
supply voltage terminal is applied to the resistors R11 and
R12 of the first control signal generating module 211, to the
resistors R21 and R22 of the second control signal gener-
ating module 212, and to the resistors R31 and R32 of the
third control signal generating module 213. At this time, an
output voltage of an output terminal O1 in the first control
signal generating module 211, an output voltage of an output
terminal O2 in the second control signal generating module
212, and an output voltage of an output terminal O3 in the
third control signal generating module 213 can be repre-
sented as:

Vor=(R /(R +R15)* Vi
Vor=(Roy/(Ry 1+R ) * Vi

Vos=(Rs/(R31+R3:))*Vpp

[0070] When V,, rises to be higher than a first reference
voltage Vrefl of a first reference voltage terminal REF1, the
XORI1 signal output by the first control signal generating
module jumps from low level to high level; when V ,, rises
to be higher than a second reference voltage Vref2 of a
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second reference voltage terminal REF2, the XOR2 signal
output by the second control signal generating module 212
jumps from low level to high level; and when V ; rises to
be higher than a third reference voltage Vref3 of a third
reference voltage terminal REF3, the XOR3 signal output by
the third control signal generating module 213 jumps from
low level to high level.

[0071] On the other hand, in the process of shut-down of
the liquid crystal display, the first power supply voltage V
of the first power supply voltage terminal VDD is not
applied to the resistors R11 and R12 of the first control
signal generating module 211, to the resistors R1 and R22 of
the second control signal generating module 212, and to the
resistors R31 and R32 of the third control signal generating
module 213. When V,,, decreases to be lower than a first
reference voltage Vrefl of the first reference voltage termi-
nal REF1, the XOR1 signal output by the first control signal
generating module 211 jumps from high level to low level;
when VO2 decreases to be lower than a second reference
voltage Vref2 of a second reference voltage terminal REF2,
the XOR2 signal output by the second control signal gen-
erating module 212 jumps from high level to low level; and
when V; decreases to be lower than a third reference
voltage Vref3 of a third reference voltage terminal REF3, the
XOR3 signal output by the third control signal generating
module 213 jumps from high level to low level,

[0072] By appropriately setting a time of V,, rising to be
higher than Vrefl, a time of V, rising to be higher than
Vref2, and a time of V ;5 rising to be higher than Vref3 in the
process of start-up, a time that the XOR1 signal generated by
the first control signal generating module 211 jumps from
low level to high level, a time that the XOR2 signal
generated by the second control signal generating module
212 jumps from low level to high level, and a time that the
XOR3 signal generated by the first control signal generating
module 213 jumps from low level to high level can be
controlled. In other words, a time that the first gate driver
221 corresponding to the first control signal generating
module 211 outputs a gate drive signal of low level at all
output terminals thereof, a time that the second gate driver
222 corresponding to the second control signal generating
module 212 outputs a gate drive signal of low level at all
output terminals thereof, and a time that the third gate driver
223 corresponding to the third control signal generating
module 213 outputs a gate drive signal of low level at all
output terminals thereof can be controlled.

[0073] For example, reference voltages of respective con-
trol signal generating modules in the plurality of control
signal generating modules can be the same with each other,
and control voltages of the respective control signal gener-
ating modules in the plurality of control signal generating
modules can be different from each other. By adjusting
amplitudes of the control voltages of the respective control
signal generating module, state switching time of driver
control signals generated by the respective control signal
generating modules can be adjusted, so that start-up time and
shut-down time of the respective gate drivers can be
adjusted correspondingly.

[0074] For example, reference voltages of respective con-
trol signal generating modules in the plurality of control
signal generating modules can be different from each other,
and control voltages of the respective control signal gener-
ating modules in the plurality of control signal generating
modules can be the same with each other. By adjusting
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amplitudes of the reference voltages of the respective con-
trol signal generating module, state switching time of driver
control signals generated by the respective control signal
generating modules can be adjusted, so that start-up time and
shut-down time of the respective gate drivers can be
adjusted correspondingly.

[0075] For another example, reference voltages of respec-
tive control signal generating modules in the plurality of
control signal generating modules can be different from each
other, and control voltages of the respective control signal
generating modules in the plurality of control signal gener-
ating modules can also be different each other. By adjusting
amplitudes of the control voltages and the reference voltages
of the respective control signal generating module, state
switching time of driver control signals generated by the
respective control signal generating modules can be
adjusted, so that start-up time and shut-down time of the
respective gate drivers can be adjusted correspondingly.
[0076] FIG. 7 shows a schematic specific implementation
of a driver control module 210 according to an embodiment
of the present disclosure. In this specific implementation,
reference voltages of respective control signal generating
modules in the plurality of control signal generating mod-
ules are the same with each other, and control voltages of the
respective control signal generating modules in the plurality
of control signal generating modules are different from each
other. By controlling control voltages of the respective
control signal generating modules in the plurality of control
signal generating modules, it makes that output modules of
the respective control signal generating modules in the
plurality of control signal generating modules generate the
multiple driver control signals corresponding to the plurality
of gate drivers one-to-one sequentially.

[0077] In FIG. 7, a resistance ratio of the resistor R11 and
the resistor R12 in the first control signal generating module
211 is a first resistance ratio, a resistance ratio of the resistor
R21 and the resistor R22 in the second control signal
generating module 212 is a second resistance ratio, and a
resistance ratio of the resistor R31 and the resistor R32 in the
third control signal generating module 213 is a third resis-
tance ratio, and the first resistance ratio is lower than the
second resistance ratio, the second resistance ratio is lower
than the third resistance ratio. In addition, the first reference
voltage terminal of the first control signal generating module
211, the second reference voltage terminal o the second
control signal generating module 212, and the third refer-
ence voltage terminal of the third control signal generating
module 213 provide a same reference voltage and can be a
same reference voltage terminal,

[0078] By appropriately setting the first resistance ratio,
the second resistance ratio, and the third resistance ratio, the
time that the output signal of the first comparator P1
switches from high level to low level, the time that the
output signal of the second comparator P2 switches from
high level to low level, and the time that the output signal of
the third comparator P3 switches from high level to low
level can be controlled. That is, the time that the XOR1
signal generated by the first control signal generating mod-
ule 211 jumps from low level to high level, the tune that the
XOR2 signal generated by the second control signal gener-
ating module 212 jumps from low level to high level, and the
time that the X( )3 signal generated by the third control
signal generating module 213 jumps from low level to high
level can be controlled.
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[0079] FIG. 9 shows a variation situation of the first power
supply voltage V ,, of the first power voltage terminal VDD
in a process from start-up to shut-down of a liquid crystal
display. In FIG. 9, in order to describe the embodiment of the
present disclosure more clearly the variation period of time
of the first power supply voltage V,, of the first power
voltage terminal VDD is enlarged.

[0080] As shownin FIG. 9, in the process of start-up of the
liquid crystal display, a voltage rising slope exists in the
process of the first power supply voltage V,, rising from a
zero voltage to a predetermined high voltage (for example,
3.3V), and the voltage rising time can be approximate to a
level of millisecond, for example, hundreds of microsec-
onds, several milliseconds, dozens of milliseconds, or even
hundreds of milliseconds. Likewise, in the process of shut-
down of'the liquid crystal display, a voltage decreasing slope
exists in the process of the first power supply voltage V,,,
decreasing from a predetermined high voltage to a zero
voltage, and also the voltage decreasing time can be approxi-
mate to a level of millisecond, for example, hundreds of
microseconds, several milliseconds, dozens of milliseconds,
or even hundreds of milliseconds.

[0081] Returning to FIG. 7, the reference voltage is for
example 1.25V, the first resistance ratio is for example 0.36,
the second resistance ratio is for example 0.68, and the third
resistance ratio is for example 1. Therefore, the output
voltage of the output terminal O1 of the first control signal
generating module 211, the output voltage of the output
terminal O2 of the second control signal generating module
212, and the output voltage of the output terminal O3 of the
third control signal generating module 213 can be repre-
sented as:

Vo =(1/(0.36+1))* Vipp=(1/1.36)* Vp
¥ po=(1/(0.68+1))* Vi, =(1/1.68)* Vp

Vos=(U(1+1))*Vpp=(1/2)*Vpp

[0082] Therefore, for a same V,, rising curve, V,,;
reaches Vref at the earliest time, then V ,, reaches Vref, and
finally V ,; reaches Vref A time that V, reaches Vref lags
a first lagging time than a time that V ,, reaches Vref, a time
that V ,; reaches Vref lags a second lagging time than a time
that V, reaches Vref, and the first lagging time and the
second lagging time can be several microseconds to several
milliseconds. Correspondingly, the time that the XOR2
signal output by the second control signal generating module
212 jumps from low level to high level lags the first lagging
time than the time that the XOR1 signal output by the first
control signal generating module 211 jumps from low level
to high level, and the time that the XOR3 signal output by
the third control signal generating module 213 jumps from
low level to high level lags the second lagging time than the
time that the XOR2 signal output by the second control
signal generating module 212 jumps from low level to high
level.

[0083] Finally, the time that the second gate driver 222
outputs a gate drive signal of low level at all output terminals
thereof lags the first lagging time than the time that the first
gate driver 221 outputs the gate drive signal of low level at
all output terminals thereof, and the time that the third gate
driver 223 outputs a gate drive signal of low level at all
output terminals thereof lags the second lagging time than
the time that the second gate driver 222 outputs the gate
drive signal of low level at all output terminals thereof.
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[0084] Thus, in the process of start-up of the liquid crystal
display, the start-up times of different gate drivers are
staggered, that is, the times at which different gate drivers
output gate drive signals of low level at all output terminals
thereof are staggered, such that the times at which different
gate drivers generate current impact are staggered. Which
avoids the phenomenon that different gate drivers generate
current impact at the same time and the current impacts
generated by the respective gate drivers at the same time are
overlapped to generate large current impact which results in
damage of power supply chip, bum-out of power supply
leads, and burn-out of fuse wires.

[0085] In the process of shut-down of the liquid crystal
display, for a same V,,, decreasing curve, V,, decreases
from V,, to Vref at the earliest time, then V,, decreases
from V,, to Vref, and finally V,, decreases from V,, to
Vref. The time that V,, decreases from V,,, to Vref lags a
third lagging time than the time that V,; decreases from
Vpp to Vref, the time that V,, decreases from V,, to Vref
lags a fourth lagging time than the time that V 5, decreases
from V,, to Vref, and the third lagging time and the fourth
lagging time can be several microseconds to several milli-
seconds. Correspondingly, the time that the XOR2 signal
output by the second control signal generating module 212
jumps from high level to low level lags the third lagging
time than the time that the XOR3 signal output by the third
control signal generating module 213 jumps from high level
to low level, and the time that the XOR1 signal output by the
first control signal generating module 211 jumps from high
level to low level lags the fourth lagging time than the time
that the XOR2 signal output by the second control signal
generating module 212 jumps from high level to low level.
[0086] Finally, the time that the second gate driver 222
outputs a gate drive signal of high level at all output
terminals thereof lags the third lagging time than the time
that the third gate driver 223 outputs the gate drive signal of
high level at all output terminals of the third gate driver 223,
and the time that the first gate driver 221 outputs a gate drive
signal of high level at all output terminals thereof lags the
fourth lagging time than the time that the second gate driver
222 outputs the gate drive signal of high level at all output
terminals thereof.

[0087] Thus, in the process of shut-down of the liquid
crystal display, the shut-down times of different gate drivers
are staggered, that is, the times at which different gate
drivers output gate drive signals of high level at all output
terminals thereof are staggered, such that the times at Which
different gate drivers generate current impact at a high level
output terminal are staggered, which avoids the phenom-
enon that different gate drivers generate current impact at the
same time and the current impacts generated by the respec-
tive gate drivers at the same time are overlapped to generate
large current impact which results in damage of power
supply chip, burn-out of power supply leads, and burn-out of
fuse wires.

[0088] FIG. 8 shows another schematic specific imple-
mentation of a driver control module 210 according to an
embodiment of the present disclosure. In this specific imple-
mentation, reference voltages of respective control signal
generating modules in the plurality of control signal gener-
ating modules are different from each other, and control
voltages of the respective control signal generating modules
in the plurality of control signal generating modules are the
same with each other. By controlling the reference voltages
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of the respective control signal generating modules in the
plurality of control signal generating modules, it makes that
output modules of the respective control signal generating
modules in the plurality of control signal generating mod-
ules generate sequentially the multiple driver control signals
corresponding one-to-one with the plurality of gate drivers.
[0089] In FIG. 8, the first resistance ratio of the resistor
R11 and the resistor R12 in the first control signal generating
module 211, the second resistance ratio of the resistor R21
and the resistor R22 in the second control signal generating
module 212, and the third resistance ratio of the resistor R31
and the resistor R32 in the third control signal generating
module 213 are the same. In addition, the first reference
voltage terminal in the first control signal generating module
211 provides a first reference voltage, the second reference
voltage terminal in the second control signal generating
module 212 provides a second reference voltage, and the
third reference voltage in the third control signal generating
module 213 provides a third reference voltage, and the first
reference voltage is lower than the second reference voltage,
the second reference voltage is lower than the third reference
voltage.

[0090] For example, the first resistance ratio, the second
resistance ration, and the third resistance ratio can be 1, and
the first reference voltage, the second reference voltage and
the third reference voltage can be 1.2V, 1.4V, and 1.6V
sequentially.

[0091] In the process of start-up of the liquid crystal
display, rising speeds of V,,, V5,, and V ; are the same.
Therefore, V,; reaches Vrefl (1.2V) at the earliest time,
then V,, reaches Vref2 (1.4V), and finally V; reaches
Vref3 (1.6V). The time that V, reaches Vref2 lags a fifth
lagging time than a time that V,, reaches Vrefl, the time
that V ,; reaches Vref3 lags a sixth lagging time than a time
that V, reaches Vref2, and the fifth lagging time and the
sixth lagging time can be several microseconds to several
milliseconds. Correspondingly, the time that the XOR2
signal output by the second control signal generating module
212 jumps from low level to high level lags the fifth lagging
time than the time that the XOR1 signal output by the first
control signal generating module 211 jumps from low level
to high level, and the time that the XOR3 signal output by
the third control signal generating module 213 jumps from
low level to high level lags the sixth lagging time than the
time that the XOR2 signal output by the second control
signal generating module 212 jumps from low level to high
level.

[0092] Finally, the time that the second gate driver 222
outputs a gate drive signal of low level at all output terminals
thereof lags the fifth lagging time than the time that the first
gate driver 221 outputs the gate drive signal of low level at
all output terminals thereof, and the time that the third gate
driver 223 outputs a gate drive signal of low level at all
output terminals thereof lags the sixth lagging time than the
time that the second gate driver 222 outputs the gate drive
signal of low level at all output terminals thereof.

[0093] Thus, in the process of start-up of the liquid crystal
display, the start-up times of different gate drivers are
staggered, that is, the times at which different gate drivers
output gate drive signals of low level at all output terminals
thereof are staggered, such that the times that different gate
drivers generate current impact are staggered, which avoids
the phenomenon that different gate drivers generate current
impact at the same time and the current impacts generated by
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the respective gate drivers at the same time are overlapped
to generate large current impact which results in damage of
power supply chip, burn-out of power supply leads, and
burn-out of fuse wires,

[0094] In the process of shut-down of the liquid crystal
display, decreasing speeds of V,,, V,, and V , are the
same. VO3 decreases from V,, to Vref.3 at the earliest time,
then V, decreases from V,, to Vref2, and finally V,
decreases from V,, to Vrefl. The time that V,, decreases
from V,, to Vref lags a seventh lagging time than the time
that V, decreases from V,, to Vref3, the time that V
decreases from V,,, to Vrefl lags an eighth lagging time
than the time that V ,, decreases from V,, to Vref2, and the
seventh lagging time and the eighth lagging time can be
several microseconds to several milliseconds. Correspond-
ingly, the time that the XOR2 signal output by the second
control signal generating module 212 jumps from high level
to low level lags the seventh lagging time than the time that
the XOR3 signal output by the third control signal gener-
ating module 213 jumps from high level to low level, and the
time that the XOR1 signal output by the first control signal
generating module 211 jumps from high level to low level
lags the eighth lagging time than the time that the XOR2
signal output by the second control signal generating module
212 jumps from high level to low level.

[0095] Finally, the time that the second gate driver 222
outputs a gate drive signal of high level at all output
terminals thereof lags the seventh lagging time than the time
that the third gate driver 223 outputs the gate drive signal of
high level at all output terminals thereof, and the time that
the first gate driver 221 outputs a gate drive signal of high
level at all output terminals thereof lags the eighth lagging
time than the time that the second gate driver 222 outputs the
gate drive signal of high level at all output terminals thereof.
[0096] Thus, in the process of shut-down of the liquid
crystal display, the shut-down times of different gate drivers
are staggered, that is, the time that different gate drivers
output gate drive signals of high level at all output terminals
thereof are staggered, such that the times that different gate
drivers generate current impact at a high level output ter-
minal are staggered, which avoids the phenomenon that
different gate drivers generate current impact at the same
time and the current impacts generated by the respective
gate drivers at the same time are overlapped to generate
large current impact which results in damage of power
supply chip, burn-out of power supply leads, and burn-out of
fuse wires.

Second Embodiment

[0097] FIG. 10 shows a schematic block diagram of a
driver control module according to a second embodiment of
the present disclosure.

[0098] The driver control module 210 comprises a first
control signal generating module 2101, and a plurality of
delay units 2102, . . . , 210(z-1), 210%. The first control
signal generating module 2101 is corresponding to a first
gate driver 221, and generates a first driver control signal for
the first gate driver 221. A first delay unit 2102 in the
plurality of delay units is corresponding to a second gate
driver 222, and generates a second driver control signal for
the second gate driver 222, a second delay unit 2103 is
corresponding to a third gate driver 223, and generates a
third driver control signal for the third gate driver 223, and
so on and so forth, a (n-2)-th delay unit 210(z-1) is
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corresponding to a (n—1)-th gate driver 22(n-1), and gen-
erates a (n-1)-th driver control signal for the (n-1)-th gate
driver 22(n-1), and a (n-1)-th delay unit 2107 is corre-
sponding to a n-th gate driver 22n, and generates a n-th
driver control signal for the n-th gate driver 22x.

[0099] The first control signal generating module 2101 is
configured to generate a first driver control signal, which is
used to control the first gate driver 221. The first control
signal generating module 2101 can adopt the circuit struc-
ture as shown in FIG. 5A or FIG. 5B, and thus no further
description is given herein.

[0100] The plurality of delay units are configured to
generate driver control signals other than the first driver
control signal in the multiple driver control signals based on
the first driver control signal.

[0101] In specific implementation, the first delay unit can
receive a first driver control signal XON1 output by the first
control signal generating module 2101, delay the received
first driver control signal XON1 a predetermined time to
obtain a second driver control signal XON2, and output the
second driver control signal XON2, and so on and so forth.
The (n-2)-th delay unit can receive a (n—2)-th driver control
signal. XON(n-2) output by a n-3)-th delay unit, delay the
received (n-2)-th driver control signal XON(n-1) a prede-
termined time to obtain a (n-1)-th driver control signal
XON(n-1), and output (n-1)-th driver control signal XON
(n-1); the (n—1)-th delay unit can receive a (n-1)-th driver
control signal XON(n-1) output by a (n-2)-th delay unit,
delay the received (n—1)-th driver control signal XON(n-1)
a predetermined time to obtain a n-th driver control signal
XONn, and output n-th driver control signal XONn.
[0102] In the specific implementation, each delay unit can
comprise a fourth resistor and a capacitor. More specifically,
in the first delay unit, a first terminal of the fourth resistor is
connected to an output terminal of the first control signal
generating module, and a second terminal of the fourth
resistor is connected to a first capacitor of the capacitor, a
second terminal of the capacitor is connected to a fourth
power supply voltage terminal VSS, and a connecting point
of the second terminal of the fourth resistor and the first
terminal of the capacitor is taken as the output terminal of
the delay unit to output a second driver control signal. In
each of remaining delay units other than the first delay unit,
the first terminal of the fourth resistor is connected to an
output terminal of a previous delay unit, the second terminal
of the fourth resistor is connected to the first terminal of the
capacitor, the second terminal of the capacitor is connected
to the fourth power supply voltage terminal VSS, and the
connecting point of the second terminal of the fourth resistor
and the first terminal of the capacitor is taken as the output
terminal of the delay unit to output a driver control signal
delayed relative to a driver control signal output by the
previous delay unit.

[0103] Alternatively, in another specific implementation,
the first delay unit can receive the first driver control signal
XON1 output by the first control signal generating module,
delay the received first driver control signal XON1 a first
time to obtain the second driver control signal XON2, and
output the second driver control signal XON2. Likewise, the
(n-2)-th delay unit can receive the first driver control signal
XON1 output by the first control signal generating module,
delay the received first driver control signal XON1 a (n-2)-
th time to obtain the (n-1)-th driver control signal XON(n-
1), and output the (n-1)-th driver control signal XON(n-1);
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the (n—1)-th delay unit can receive the first driver control
signal XON1 output by the first control signal generating
module, delay the received first driver control signal XON1
the (n-1)-th time to obtain the n-th driver control signal
XONn, and output the n-th driver control signal XONn. The
(n-1)-th time can be (n-1) times of the first time, the n-th
time can be n times of the first time.

[0104] In FIG. 11, the schematic circuit diagram of the
driver control module 210 is shown by taking the control
voltage generating module as shown in FIG. 5A as an
example and by taking the driver control module 210
comprising two delay units as an example.

[0105] The control voltage generating module of the first
control signal generating module 2101 comprises a first
resistor R111 and a second resistor R112, and the output
module thereof comprises a comparator P, a switch transistor
M, and a third resistor R113.

[0106] The first delay unit comprises a resistor R114 and
a capacitor C1. A first terminal of the resistor R114 is
connected to the output terminal of the first control signal
generating module to receive the first driver control signal
XON1 generated by the first control signal generating mod-
ule, a second terminal of the resistor R114 is connected to a
first terminal of the capacitor C11, a second terminal of the
capacitor C1 is connected to the fourth power supply voltage
terminal VSS, and a connecting point between the second
terminal of the resistor R114 and the first terminal of the
capacitor C1 is taken as an output terminal of the first delay
unit to output the second driver control signal XON2.
[0107] The second delay unit comprises a resistor R115
and a capacitor C2. A first terminal of the resistor R115 is
connected to the output terminal of the first delay unit to
receive the second driver control signal XON2, a second
terminal of the resistor R115 is connected to a first terminal
of the capacitor C2, and a second terminal of the capacitor
C2 is connected to the fourth power supply voltage terminal
VSS, and a connecting point between the second terminal of
the resistor R115 and the first terminal of the capacitor C2
is taken as an output terminal of the second delay unit to
output the third driver control signal XON3.

[0108] In the process of start-up of the liquid crystal
display, the first power supply voltage V ,, of the first power
supply voltage terminal VDD is applied to the resistors R111
and R112 of the first control signal generating module.
When the voltage V, at point O rises to be higher than the
reference voltage Vref of the reference voltage terminal
REF, output of the comparator P jumps from high level to
low level, the switch transistor M changes from turn-on into
turn-off, and the first driver control signal XON1 changes
from low level into high level; after the XON1 changes from
low level into high level, the capacitor C1 is charged by a
RC circuit constituted of the resistor R114 and the capacitor
C1, and the second driver control signal XON2 reaches a
high level after the first delay time; after the XON2 reaches
the high level, the capacitor C2 is charged by a RC circuit
constituted of the resistor R115 and the capacitor C2, and the
third drive control signal XON3 reaches high level after the
second delay time.

[0109] The first delay time is decided by a resistance value
R,,, of the resistor R114 and a capacitance value C, of the
capacitor C1, and the second delay time is decided by a
resistance value R, | 5 of the resistor R115 and a capacitance
value C, of the capacitor C2. Specifically, the first delay time
trona=R;14¥Cy, and the second delay time ty,,;=R;,s%*C,.
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[0110] In other words, a start-up time of the second gate
driver 222 lags the first delay time t,.,5- than a start-up time
of the first gate driver 221, and a start-up time of the third
gate driver 223 lags the second delay time ty,,; than a
start-up time of the second gate driver 222. The first delay
time ty,,» and the second delay time ty,,, are greater than
a duration of current impact generated when each gate driver
simultaneously outputs gate drive signals of low level at the
output terminal of the gate driver. The first delay time ty,5»
and the second delay time ty,5; can be several microsec-
onds to several milliseconds. Optionally, the first delay time
tyono 18 equal to the second delay time tyops-

[0111] In the process of shut-down of the liquid crystal
display, the first power supply voltage V ,, of the first power
supply voltage terminal VDD is not applied to the resistors
R111 and R112 of the first control signal generating module
again. When the voltage V, at point O decreases to be lower
than the reference voltage Vref of the reference voltage
terminal REF, the output of the comparator P jumps from
low level to high level, the switch transistor M changes from
turn-off into turn-on, and the first driver control signal
XON1 changes from high level into low level; after the
XON1 changes from high level into low level, the capacitor
C1 is discharged by the RC circuit constituted of the resistor
R114 and the capacitor C1, and the second driver control
signal XON2 changes into the low level after the third delay
time; after the XON2 changes into the low level, the
capacitor C2 is discharged by a RC circuit constituted of the
resistor R115 and the capacitor C2, and the second drive
control signal XON3 changes into the low level after the
fourth delay time. The third delay time is decided by the
resistance value R,,, of the resistor R114 and the capaci-
tance value C, of the capacitor C1, and the fourth delay time
is decided by the resistance value R, of the resistor R114,
the resistance value R, 5 of the resistor R115 and the
capacitance value C, of the capacitor C2.

[0112] Therefore, the shut-down time of the second gate
driver 222 lags the third delay time than the shut-down time
of the first gate driver 221, the shut-down time of the third
gate driver 223 lags the fourth delay time than the shut-down
time of the second gate driver 222. The third delay time and
the fourth delay time are greater than a duration of current
impact generated when each gate driver simultaneously
outputs gate drive signals of low level at the output terminal
of the gate driver. The third delay time and the fourth delay
time can be several microseconds to several milliseconds.
[0113] It shall be understood that in the case that the gate
drive device comprises n gate drivers, the gate drive device
can comprises (n—1) delay units. A j-th delay unit delays a
j-th driver control signal to obtain a (j+1)-th driver control
signal, and a j-th driver control signal is used to control a j-th
gate driver, where j=1, . . ., n-1, and n is an integer greater
than or equal to 2.

[0114] FIG. 12 shows a display panel according to an
embodiment of the present disclosure, comprising an array,
a source drive device, and a gate drive device according to
the embodiments of the present disclosure.

[0115] According to the embodiments of the present dis-
closure, since the duration of the impact current generated
when each gate driver is stared up (shut down) is generally
several microseconds, the start-up (shut-down) times of
respective gate drivers can be staggered efficiently by con-
trolling the first through eighth lagging times to be longer
than the duration of the impact current, controlling the first
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time to be longer than the duration of the impact current, and
controlling the first through fourth delay times to be longer
than the duration of the impact current.

[0116] According to the embodiments of the present dis-
closure, by utilizing multiple driver control signals having a
time delay between each other to control a plurality of gate
drivers, the turn-on time of respective gate drivers can be
staggered when it is started up, such that impact currents
generated when the respective gate drivers are turned on are
staggered from each other and not overlapped when it is
started up, which reduces total impact currents (total impact
currents of the power supply voltage terminal that provides
the low voltage) when it is started up. On the other hand, by
adopting the gate drive device according to the embodiments
of the present disclosure, the turn-off time of respective gate
drivers can be staggered when it is shut down, such that
impact currents generated when the respective gate drivers
are turned off are staggered from each other and not over-
lapped when it is shut down, which reduces total impact
currents (total impact currents of the power supply voltage
terminal that provides the high voltage) when it is shut
down, which avoids the phenomenon that different gate
drivers generate current impact at the same time and the
current impacts generated by the respective gate drivers at
the same time are overlapped to generate large current
impact which results in damage of power supply chip,
burn-out of power supply leads, and burn-out of fuse wires.
[0117] Respective embodiments of the present disclosure
are described in detail above. However, those skilled in the
art shall understand that various amendments, combination
or sub-combination can be made to these embodiments
without departing from the principle and spirit of the present
disclosure, and these amendments shall fall into the scope of
the present disclosure.

[0118] The present application claims the priority of a
Chinese patent application No. 201510645169.7 filed on
Oct. 8, 2015, with an invention title of “GATE DRIVE
DEVICE OF PIXEL ARRAY AND DRIVE METHOD
THEREOEF”. Herein, the content disclosed by the Chinese
patent application is incorporated in full by reference as a
part of the present disclosure.

What is claimed is:

1. A gate drive device of a pixel array which comprises N

gate lines, comprising:

a plurality of gate drivers, in which the N gate lines are
divided into a plurality of groups, each of which
comprises a plurality of gate lines, each gate driver and
the plurality of gate drivers are in one-to-one corre-
spondence, and each gate driver is configured to gen-
erate gate drive signals for a plurality of gate lines in a
group corresponding thereto, where N is an integer
greater than or equal to 4;

a driver control module, configured to generate multiple
driver control signals corresponding one-to-one with
the plurality of gate drivers, and state switching of any
two driver control signals in the multiple driver control
signals having a difference of at least a first time,

wherein the plurality of gate drivers are configured to
switch from a first state to a second state sequentially
under control of the multiple driver control signals, and
each gate driver simultaneously generates gate drive
signals with an identical phase for the plurality of gate
lines in the group corresponding thereto in the second
state,
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wherein the driver control module comprises; a first

control signal generating module, and a plurality of
delay units;

the first control signal generating module is configured to

a first driver control signal, and comprises

a control voltage generating module configured to
generate a control voltage; and

an output module, whose first input terminal receives
the control voltage generated by the control voltage
generating module, second input terminal receives a
reference voltage, and output terminal is taken as an
output terminal of the first control signal generating
module, and configured to generate the first driver
control signal based on the control voltage and the
reference voltage, the first driver control signal is the
first level when the control voltage and the reference
voltage satisfy the first relationship, while the first
driver control signal is the second level when the
control voltage and the reference voltage do not
satisfy the first relationship; and

the plurality of delay units are configured to generate

other driver control signals except for the first driver
control signal in the multiple driver control signals.

11
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to an output terminal of a previous delay unit, the
second terminal of the fourth resistor is connected to
the first terminal of the capacitor, the second terminal
of the capacitor is connected to the fourth power supply
voltage terminal, and the connection point of the sec-
ond terminal of the fourth resistor and the first terminal
of the capacitor is taken as the output terminal of the
delay unit to output a driving control signal delayed
relative to a driving control signal output by its previ-
ous delay unit.

5. The gate drive device according to claim 1, wherein
state switching of the driver control signal comprises at least
one of the followings: the driver control signal switches
from high level to low level, the driver control signal
switches from low level to high level, and the first time can
be a duration of a current impact generated for each gate
driver.

6. A drive method for the gate drive device according to
claim 1, comprising:

generating, by the driver control module, multiple driver

control signals sequentially, the multiple driver control
signals and the plurality of gate drivers being in one-
to-one correspondence, and state switching of any two

of the multiple driver control signals having a differ-
ence of at least a first time; and

switching, by the plurality of gate drivers, from a first
state to a second state sequentially under control of the

2. The gate drive device according to claim 1, wherein the
first state is a normal operation state, and the second state is
a shut-down transient state,

wherein in the first state, at any moment, only one gate

drive signal of a plurality of gate drive signals gener-
ated by one gate driver of the plurality of gate drivers
for the plurality of gate lines in a group corresponding
to the gate driver is in a valid drive level while
remaining gate drive signals are in an invalid drive
level, and gate drive signals generated by remaining
gate drivers in the plurality of gate drivers are in an
invalid drive level; and

each of the gate driver is configured to simultaneously

generate gate drive signals being a valid drive level for
a plurality of gate lines in the group corresponding
thereto when the gate driver switches from the first
state to the second state.

multiple driver control signals respectively, and simul-
taneously generating, by each gate driver, gate drive
signals with an identical phase for a plurality of gate
lines in the group corresponding thereto in a second
state.

7. The drive method according to claim 6, wherein the
first state is a normal operation state, and the second state is
a shut-down transient state,

wherein in the first state, at any moment, only one gate

drive signal of the plurality of gate drive signals
generated by one gate driver of the plurality of gate
drivers for the plurality of gate lines in a group corre-
sponding thereto is in a valid drive level while remain-

ing gate drive signals are in an invalid drive level, and
gate drive signals generated by the remaining gate
drivers in the plurality of gate drivers are all in an
invalid drive level; and

when one of the gate drivers switches from the first state
to the second state, the gate driver simultaneously

3. The gate drive device according to claim 1, wherein the
first state is a shut-down state, the second state is a start-up
transient state,

wherein each gate driver is configured to not output a gate

drive signal in the first state; and

each gate driver of the gate drivers is configured to

simultaneously generate gate drive signals being in an
invalid drive level for the plurality of gate lines in the
group corresponding thereto in the case that the gate

generates gate drive signals being in a valid drive level
for the plurality of gate lines in the group correspond-
ing thereto.

8. The drive method according to claim 6, wherein the
first state is a shut-down state, the second state is a start-up
transient state,

wherein each of the gate drivers does not output a gate

driver switches from the first state to the second state.

4. The gate drive device according to claim. 1, wherein
each delay unit comprises: a fourth resistor and a capacitor,
in a first delay unit, a first terminal of the fourth. Resister

is connected to the output terminal of the first control
signal generating module, a second terminal of the
fourth resistor is connected to a first terminal of the
capacitor, a second terminal of the capacitor is con-
nected to the fourth power supply voltage terminal, and
a connection point of the second terminal of the fourth
resistor and the first terminal of the capacitor is taken
as an output terminal of the delay unit to output a
second driver control signal; and

in each of remaining delay units other than the first delay

unit, the first terminal of the fourth resistor is connected

drive signal in the first state;

one of the gate drivers simultaneously generates gate
drive signals being in an invalid drive level for the
plurality of gate lines in the group corresponding
thereto when the gate driver switches from the first
state to the second state.

9. The drive method according to claim 6, wherein the
driver control module comprises: a first control signal gen-
erating module, and a plurality of delay units;

the first control signal generating module is configured to

a first driver control signal, and comprises:
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a control voltage generating module configured to
generate a control voltage; and an output module,
whose first input terminal receives the control volt-
age generated by the control voltage generating
module, second input terminal receives a reference
voltage, and output terminal is taken as an output
terminal of the first control signal generating mod-
ule, and configured to generate the first driver control
signal based on the control voltage and the reference
voltage, the first driver control signal being the first
level when the control voltage and the reference
voltage satisfy the first relationship, while the first
driver control signal being the second level when the
control voltage and the reference voltage do not
satisfy the first relationship; and

the plurality of delay units are configured to generate

driver control signals other than the first driver control

signal in the multiple driver control signals.

10. The drive method according to claim 9, wherein
generating multiple driver control signals sequentially by the
driver control module comprises:

generating a first driver control signal; and

delaying a j-th driver control signal at least a first time to

obtain a (j+1)-th driver control signal, where j=1, . . .

, n-1, n is a number of gate drivers in the gate drive

device, and n is an integer greater than or equal to 2.

11. A display panel, comprising a pixel array, a source
drive device, and a gate drive device according to claim 1.

#* #* #* #* #*



