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(54) Display driving circuit, display driving method, array substrate and display apparatus

(57) Provided is a display driving circuit comprising
N gate driving units for being connected to N gate lines
on an array substrate respectively, as well as a timing
control unit, n pre-charging units and n scanning control
units, the N gate driving units, the n pre-charging units
and the n scanning control units are all connected to the
timing control unit. Further provided is a display driving
method, an array substrate and a display apparatus. Ac-
cording to embodiments of the present disclosure, a time
period for liquid crystal molecule being deflected to ac-
curate positions corresponding to desired grayscale will
be reduced when a voltage to be charged is supplied on
the liquid crystal molecule, thereby accommodating a
higher refresh frequency.
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Description

TECHNICAL FIELD OF THE DISCLOSURE

[0001] The present disclosure relates to a field of dis-
play technology, and particularly to a display driving cir-
cuit, a display driving method, an array substrate and a
display apparatus.

BACKGROUND

[0002] In a conventional liquid crystal panel, gates of
thin film transistors (TFTs) are scanned by a gate driver,
and pixel electrodes are charged through data lines. Liq-
uid crystal molecules are deflected under an effect of the
pixel electrical field so as to generate optical rotations,
which is a display principle for a liquid crystal display. In
a case that a refresh frequency is higher and higher, a
time period of a frame reduces and a charging time for
the TFT reduces accordingly, wherein a response time
of liquid crystal molecules is on the order of millisecond.
Taking a refresh frequency 120Hz of a full high definition
(FHD) resolution 192031080 as an example, a time pe-
riod of each frame is 8.3ms, and a turning-on time of each
row is 8.3/1080=7.68ms. A scanning backlight technolo-
gy is usually adopted in a shutter glass 3D display mode,
and in order to reduce a crosstalk phenomenon, the back-
light is turned on only when the liquid crystal molecules
deflect to desired corresponding grayscales. A high re-
fresh frequency will cause that the charging time for the
TFT becomes shorter, and the time required for deflect-
ing from one grayscale to another grayscale of the liquid
crystal molecules, that is, the response time of the liquid
crystal molecules is too long, both of which will cause
that the crosstalk phenomenon becomes more severe.

SUMMARY

Technical Problem To Be Solved

[0003] A technical problem to be solved in the present
disclosure is how to shorten the response time of the
liquid crystal molecules to accommodate the higher re-
fresh frequency.

Technical Solution

[0004] In order to solve the above technical problem,
a display driving circuit is provided in embodiments of
the present disclosure, the display driving circuit com-
prises N gate driving units for being connected to N gate
lines on an array substrate, respectively, and the display
driving circuit further comprises a timing control unit, n
pre-charging units and n scanning control units, wherein
the N gate driving units, the n pre-charging units and the
n scanning control units are all connected to the timing
control unit, n represents a number of groups into which
the N gate lines on the array substrate are divided in

advance and is an integer greater than or equal to 2;
[0005] the n pre-charging units are connected to the n
gate line groups pre-divided on the array substrate, re-
spectively, the timing control unit is used to control the
gate driving units to input scanning signals to the gate
lines, respectively; the timing control unit is further used
to control an ith pre-charging unit to insert a pre-charging
signal into an ith gate line group before the scanning sig-
nals are input to the gate lines in the ith gate line group
and control an ith scanning control unit to pause the input
of scanning signals at the same time, the pre-charging
signal is used to turn on thin film transistors connected
to the gate lines in the gate line group, such that the timing
control unit controls the data lines to pre-charge pixel
units connected to the thin film transistors, the ith scan-
ning control unit triggers the gate driving unit correspond-
ing to the ith gate line group to input the scanning signals
to the gate lines in the gate line group after the insertion
is completed, wherein i = 1,2,···,n, 0 < n ≤ N.
[0006] Preferably, the display driving circuit further
comprises: N first switches connected to the timing con-
trol unit, and connected to the N gate driving units, re-
spectively, the N first switches are used to connect the
N gate driving units to the N gate lines, respectively, and
the timing control unit is further used to turn off the first
switches when the ith pre-charging unit inserts the pre-
charging signal into the ith gate line group and turn on
the first switches when the gate driving units input the
scanning signals.
[0007] Preferably, the first switches are MOS transis-
tors, each of the MOS transistors has a gate connected
to the timing control unit, a source and a drain thereof
are connected to a corresponding gate driving unit and
a corresponding gate line, respectively.
[0008] Preferably, the display driving circuit further
comprises: n second switches connected to the timing
control unit, and connected to the n pre-charging units,
respectively, the n second switches are used to connect
the n pre-charging units to the n gate line groups respec-
tively, the timing control unit is further used to turn off the
second switches when the gate driving units input the
scanning signals and turn on the second switches when
the pre-charging units input the pre-charging signals.
[0009] Preferably, the second switches are MOS tran-
sistors each of the MOS transistors has a gate connected
to the timing control unit, a source and a drain thereof
are connected to a corresponding pre-charging unit and
a corresponding gate line, respectively.
[0010] Preferably, the display driving circuit further
comprises a backlight driving unit connected to the timing
control unit, the timing control unit is further used to con-
trol the backlight driving unit to drive an ith backlight
source to emit light after the scanning of the gate lines
in the ith gate line group are completed, and a ((i+1)mod
n)th pre-charging unit is turned on after the ith backlight
source emits light.
[0011] In the embodiments of the present disclosure,
there is also provided a display apparatus comprising
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any display driving circuit as described above.
[0012] In the embodiments of the present disclosure,
there is also provided an array substrate comprising N
gate lines being divided into n groups, the array substrate
further comprises any display driving circuit as described
above, the N gate driving units are connected to the N
gate lines, respectively, and the n pre-charging units are
connected to the n gate line groups, respectively, wherein
n is an integer greater than or equal to 2.
[0013] Preferably, numbers of gate lines in each of the
n gate line groups are same.
[0014] In the embodiments of the present disclosure,
there is further provided a display apparatus comprising
above described array substrate.
[0015] In the embodiments of the present disclosure,
there is further provided a display driving method com-
prising steps of:
[0016] S1: pre-charging pixel units controlled by gate
lines in an ith gate line group and stopping inputting scan-
ning signals to the gate lines at the same time;
[0017] S2: scanning the gate lines in the ith gate line
group sequentially after the pre-charging to the ith gate
line group is completed;
[0018] S3: setting i to ((i+1)mode n) after the scanning
of the gate lines in the ith gate line group is completed,
wherein n is a number of the gate line groups;
[0019] performing the steps of S1 to S3 repeatedly to
display a picture.
[0020] Preferably, in the step S3, after the scanning of
the gate lines in the ith gate line group is completed, a
backlight source corresponding to the ith gate line group
is turned on, and i is set to ((i+1) mod n) after the backlight
source is turned on.

Benefit Effect

[0021] The display driving circuit according to the em-
bodiments of the present disclosure inserts black levels
to pixels in a region according to a region division before
charging the pixels, that is, supplies a pre-charging volt-
age to TFTs in the region according to the region division,
the liquid crystal molecule will be deflected at first under
such pre-charging voltage, so that the time required for
deflecting to an accurate position corresponding to a de-
sired grayscale of the liquid crystal molecule will be re-
duced when the voltage to be charged is supplied on the
liquid crystal molecule, thereby may accommodate a
higher refresh frequency.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022]

Fig. 1 is a schematic structure diagram of a display
driving circuit according to an embodiment of the
present disclosure;
Fig.2 is a schematic structure diagram of connection
between the display driving circuit as shown in Fig.

1 and gate lines on an array substrate;
Fig.3 is a timing chart of signals as driving to display;
and
Fig.4 is a flowchart of a display driving method ac-
cording to an embodiment of the present disclosure.

DETAILED DESCRIPTION

[0023] Particular implementations of the present dis-
closure will be described below in detail in combination
with the accompanying drawings and the embodiments
of the present disclosure, which are only illustrative and
give no limitation to the scope of the present disclosure.
[0024] As shown in Fig.1, a display driving circuit ac-
cording to an embodiment of the present disclosure com-
prises N gate driving units 100 connected to N gate lines
on an array substrate, respectively, and further compris-
es a timing control unit 200, n pre-charging units 300 and
n scanning control units 400. The N gate driving units
100, the n pre-charging units 300 and the n scanning
control units 400 are all connected to the timing control
unit 200, wherein n represents a number of groups into
which the N gate lines on the array substrate are divided
in advance and is an integer greater than or equal to 2.
That is to say, the N gate lines on the array substrate are
divided into n groups, for example, taking a television
with 120Hz and a FDH resolution as an example, both
the numbers of the gate driving units 100 and the number
of the gate lines are 1080, then the 1080 gate lines are
divided into four groups, each of which comprises 270
gate lines.
[0025] The n pre-charging units 300 are connected to
the n gate line groups divided in advance on the array
substrate, respectively, the timing control unit 200 is used
to control the gate driving units 100 to input scanning
signals to the gate lines; the timing control unit 200 is
further used to control an ith pre-charging unit 300 to insert
a pre-charging signal to an ith gate line group before the
scanning signals are input to the gate lines in the ith gate
gate line group, and control an ith scanning control unit
400 to pause the input of scanning signals at the same
time. The pre-charging signal is used to turn on thin film
transistors connected to the gate lines in the gate line
group on the array substrate, thus the timing control unit
controls the data lines to pre-charge pixel units connect-
ed to the thin film transistors, such that liquid crystal mol-
ecules are deflected at first under an effect of a pre-charg-
ing voltage corresponding to the pre-charging signal. The
controlling of the timing control unit on the data lines may
be implemented by controlling driving units of the data
lines.
[0026] After the insertion of the pre-charging signal is
completed, the ith scanning control unit 400 triggers the
gate driving units 100 corresponding to the ith gate line
group to input scanning signals to the gate lines in the ith

gate line group, respectively, wherein i = 1,2,···,n, 0 < n
≤ N.
[0027] The display driving circuit according to the em-
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bodiments of the present disclosure inserts black levels
to pixels in a region according to a region division before
charging the pixels, that is, supplies a pre-charging volt-
age to TFTs in the region according to the region division,
the driving timing is as illustrated in Fig.2. The liquid crys-
tal molecules will be deflected at first under such pre-
charging voltage, and then an actual charging voltage is
applied to the liquid crystal molecule in order to make the
liquid crystal molecule deflect to an accurate position cor-
responding to a desired grayscale, so that a response
time of the liquid crystal molecule is reduced, thereby
may accommodate a higher refresh frequency.
[0028] Since the gate driving unit 100 is usually a shift
register and is connected to the gate line together with
the pre-charging unit 300, the pre-charging process per-
formed by the pre-charging unit 300 will affect an oper-
ation of the shift register. Therefore, in an example, the
display driving circuit according to the embodiment of the
present disclosure further comprises: N first switches 500
connected to the timing control unit 200 and connected
to the N gate driving units 100, respectively, the N.first
switches 500 are used to connect the N gate driving units
100 to the N gate lines respectively. The timing control
unit 200 is further used to turn off all of the first switches
500 when the ith pre-charging unit 300 inserts the pre-
charging signal into the ith gate line group and turn on all
of the first switches 500 when the gate driving units 100
input the scanning signals.
[0029] The first switches 500 may be MOS transistors,
each of the MOS transistor has a gate connected to the
timing control unit 200, and a source and a drain thereof
are connected to a corresponding gate driving unit 100
and a corresponding gate line, respectively.
[0030] In an example, the pre-charging unit 300 may
be a controller with a one-way structure and also may be
a shift register. If the pre-charging unit 300 is a shift reg-
ister, the display driving circuit according to the embod-
iment of the present disclosure may further comprise: n
second switches (not shown) connected to the timing
control unit 200 and connected to the n pre-charging units
300, respectively, the n second switches are used to con-
nect the n pre-charging units 300 to the n gate line groups,
respectively. That is, the n second switches are connect-
ed between the n pre-charging units 300 and the n gate
line groups, respectively, and are used to control con-
nections or disconnections between the pre-charging
units 300 and the respective gate line groups under the
control of the timing control unit 200. The timing control
unit 200 is further used to turn off the second switches
when the gate driving units 100 input the scanning signals
and turn on the second switches when the pre-charging
units 300 input the pre-charging signals.
[0031] The second switches may be MOS transistors,
each of the MOS transistors has a gate connected to the
timing control unit 200, a source and a drain thereof are
connected to a corresponding pre-charging unit 300 and
a corresponding gate line on the array substrate respec-
tively.

[0032] For a shutter 3D display, in an example, the
display driving circuit according to the embodiment of the
present disclosure may further comprise a backlight driv-
ing unit 600 connected to the timing control unit 200. The
timing control unit is further used to control the backlight
driving unit to drive an ith backlight source to emit light
after the the scanning of the gate lines in the ith gate line
group is completed, a ((i+1)mod n)th pre-charging unit is
turned on after the ith backlight source emits light.
[0033] Since the backlight source is turned on after the
response of the liquid crystal molecules are completed,
for a same refresh period, shorter the response time of
the liquid crystal molecules is, longer the turn-on period
of the backlight source is and higher the luminance of
the displayed picture may be. In addition, shorter the re-
sponse period of the liquid crystal molecules is, smaller
the crosstalk phenomenon is correspondingly.
[0034] The display driving circuit according to the
present disclosure may be manufatured on the array sub-
strate by a Gate Drive on Array (GOA) technology. As
shown in Fig.3, the array substrate comprises N gate
lines 700 being divided into n groups, as well as the above
described display driving circuit. The N gate driving units
100 are connected to the N gate limes 700 respectively,
and the n pre-charging units 300 are connected to the n
gate line groups respectively.
[0035] In order to make the luminance of displayed pic-
tures more even, numbers of the gate lines in each of
the n gate line groups may be same.
[0036] A display driving method of the above display
driving circuit is shown in Fig.4 and comprises steps of:
[0037] At step S401: pre-charging pixel units controlled
by gate lines in an ith gate line group and stopping input-
ting scanning signals to the gate lines at the same time;
[0038] At step S402: scanning the gate lines in the ith

gate line group sequentially after the pre-charging to the
ith gate line group is completed;
[0039] At step S403: setting i to ((i+1)mode n) after the
scanning of the gate lines in the ith gate line group is
completed. When (i+1)mode n =0, that is, a frame has
been completely scanned, the scanning of a next frame
may be started.
[0040] Steps of S401 to S403 are repeatedly per-
formed to display a picture.
[0041] For a shutter 3D display, in the step S403, after
the scanning of the gate lines in the ith gate line group is
completed, the backlight source corresponding to the ith

gate line group is turned on, and i is set to ((i+1) mod n)
after the backlight source is turned on.
[0042] In the embodiments of the present disclosure,
there is further provided a display apparatus comprising
the above display driving circuit or the above array sub-
strate. The display apparatus may be a liquid crystal dis-
play (LCD) panel, a liquid crystal display television (LCD
TV), a liquid crystal display (LCD) monitor, a digital photo
frame, a mobile phone, a tablet PC and other product or
part having a display function.
[0043] The above descriptions are only for illustrating
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the embodiments of the present disclosure, and in no
way limit the scope of the present disclosure. It will be
obvious that those skilled in the art may make modifica-
tions, variations and equivalences to the above embod-
iments without departing the spirit and scope of the
present disclosure as defined by the following claims.
Such variations and modifications are intended to be
comprised within the spirit and scope of the present dis-
closure.

Claims

1. A display driving circuit comprising N gate driving
units for being connected to N gate lines on an array
substrate, respectively, wherein the display driving
circuit further comprises a timing control unit, n pre-
charging units and n scanning control units, the N
gate driving units, the n pre-charging units and the
n scanning control units are all connected to the tim-
ing control unit, n represents a number of groups into
which the N gate lines on the array substrate are
divided in advance and is an integer greater than or
equal to 2;
the n pre-charging units are connected to the n gate
line groups pre-divided on the array substrate, re-
spectively, the timing control unit is used to control
the gate driving units to input scanning signals to the
gate lines, respectively; the timing control unit is fur-
ther used to control an ith pre-charging unit to insert
a pre-charging signal into an ith gate line group before
the scanning signals are input to the gate lines in the
ith gate line group and control an ith scanning control
unit to pause the input of scanning signals at the
same time, the pre-charging signal is used to turn
on thin film transistors connected to the gate lines in
the ith gate line group, such that the timing control
unit controls data lines to pre-charge pixel units con-
nected to the thin film transistors, the ith scanning
control unit triggers the gate driving units corre-
sponding to the ith gate line group to input the scan-
ning signals to the gate lines in the gate line group
after the insertion is completed, wherein i = 1,2,···,n,
0 < n ≤ N.

2. The display driving circuit of claim 1, further compris-
es N first switches connected to the timing control
unit and connected to the N gate driving units, re-
spectively, the N first switches are used to connect
the N gate driving units to the N gate lines, respec-
tively, and the timing control unit is further used to
turn off the first switches when the ith pre-charging
unit inserts the pre-charging signal into the ith gate
line group and turn on the first switches when the
gate driving units input the scanning signals.

3. The display driving circuit of claim 2, wherein the first
switches are MOS transistors, each of the MOS tran-

sistor has a gate connected to the timing control unit,
a source and a drain thereof are connected to a cor-
responding gate driving unit and a corresponding
gate line, respectively.

4. The display driving circuit of any one of claims 1-3,
further comprises n second switches connected to
the timing control unit and connected to the n pre-
charging units, respectively, the n second switches
are used to connect the n pre-charging units to the
n gate line groups, respectively, the timing control
unit is further used to turn off the second switches
when the gate driving units input the scanning sig-
nals and turn on the second switches when the pre-
charging units input the pre-charging signals.

5. The display driving circuit of claim 4, wherein the
second switches are MOS transistors, each of the
MOS transistors has a gate connected to the timing
control unit, a source and a drain thereof are con-
nected to a corresponding pre-charging unit and a
corresponding gate line, respectively

6. The display driving circuit of any one of claims 1-5,
further comprises a backlight driving unit connected
to the timing control unit, and the timing control unit
is further used to control the backlight driving unit to
drive an ith backlight source to emit light after the the
scanning of the gate lines of the ith gate line group
is completed, a ((i+1)mod n)th pre-charging unit is
turned on after the ith backlight source emits light.

7. A display apparatus comprising the display driving
circuit of any one of claims 1-6.

8. An array substrate comprising N gate lines being di-
vided into n groups, wherein the array substrate fur-
ther comprises the display driving circuit of any one
of claims 1-6, the N gate driving units are connected
to the N gate lines, respectively, and the n pre-charg-
ing units are connected to the n gate line groups,
respectively, wherein n is an integer greater than or
equal to 2.

9. The array substrate of claim 8, wherein numbers of
the gate lines in each of the n gate line groups are
same.

10. A display apparatus comprising the array substrate
of any one of claims 8-9.

11. A display driving method comprising steps of:

S 1: pre-charging pixel units controlled by gate
lines in an ith gate line group and stopping input-
ting scanning signals to the gate lines at the
same time;
S2: scanning the gate lines in the ith gate line
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group sequentially after the pre-charging to the
ith gate line group is completed;
S3: setting i to ((i+1)mode n) after the scanning
of the gate lines in the ith gate line group is com-
pleted, wherein n is the number of the gate line
groups;
performing the steps of S1 to S3 repeatedly to
display a picture.

12. The display driving method of claim 11, wherein in
the step S3, after the completion of the scanning of
the gate lines in the ith gate line group, the backlight
corresponding to the ith gate line group is turned on,
and i is set to ((i+1) mod n) after the backlight is
turned on.

9 10 
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