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(57) ABSTRACT

A gate driving circuit is provided. The gate driving circuit
includes multistage driving modules, where an N stage
driving module includes a setting circuit, a first driving
circuit, an isolating switch circuit, a second driving circuit
and an anti-noise circuit. The setting circuit generates a first
precharge signal according to a gate driving signal of an
(N-2)" scan line or a start signal. The isolating switch
circuit coupled between the first driving circuit and the
second driving circuit provides a second precharge signal, so

(22) Filed: Oct. 27. 2016 as to effectively avoid a flickering problem of a display
’ image caused by a surge of the gate driving signal due to a
(30) Foreign Application Priority Data coupling effect of a parasitic capacitance of the transistor
and a bootstrap capacitor, and meanwhile the bootstrap
Aug. 25,2016 (CN) oo 201610720546.3  capacitor is not used, so as to effectively reduce a bezel area.
104
Gl P1 J
i ; (
02 — 107
g ':, / Data driving circuit i
. A / - b
R 7 b
wopn 111 R SR s "
1084} Orving = —— T ul Driving { |-108
moddle ! |- G - Gy o o | imodule
| 21| 1z 1| 11
108 -1 | Driving i = I T Driving 1 1-108
module{] | H T F T Ty Ty | odule
i1 1z Ir| 1z
§08- | Driving - T T ul Driving § |-108
module -] T1 — T T T maodule
S R e L L+
2 I T v v &
o ”’j;:r - 7 = =,
o L Il 1~ T .
: 11 1z IT 11|
@ @ @ ® ® %
& L B ® L) ®
® ® @ @ @ @
@ @ ® ®




Patent Application Publication = Mar. 1, 2018 Sheet 1 of 7 US 2018/0061350 A1

04
GL P J
; t 1
102 1 — ' 102
{ j Data driving circuit @
N / N,
| \'\ ! ]
— i~
$0R -~ | Drs\{mg : T A -1 - Driving { 1-108
module i || G = 0 module
| II| 1z Ir 11
1081 orving || | | _c— e —— Driving | - 108
module i it e Ty module
I1 1t 1T 1z
1084 | Driving - - T ul Driving { 1-108
module A % Tm module
4 Lk R R S S
: I - I € #
: nre ||
: & & ® ® :
L] @ @ 8 @® &
L ® L] ®

106

FIG. 1



Patent Application Publication

CiKT  ClKiB L3

FIG. 2

Mar. 1,2018 Sheet 2 of 7 US 2018/0061350 A1l
ClK3B VDD VOnd
108~1 st
Ny
m ey ouﬁ?i
1 g1 -
out{3)
£l 02 b—
Cnd Ny
S } )
108~-3 T
L % out{3)
Vo Y N
¢ o :
out(7)
C2 e
{nd RS
] 8
108-5
vi: : 1 o).
¢l o1
aut{11)
2 2
Gnd RS



US 2018/0061350 A1

Mar. 1, 2018 Sheet 3 of 7

Patent Application Publication

A3

_\

¢ Ol

AN

i

,&

) §InoA

S aanassassssasssassdey

(z+une VYT | e—

MDA SSIoU—-QuY

908

ol
MMMMM Mt URRED HASHO .
- i m.cmwmvmomm Ac.t!:.i?vwzo @E.}CQ An\wmm\».;} 1989y Aw..w,mvwma N@ﬁk\.\ mcmwwwm wmm/\ﬁwicvwmm
e | w08 Al
{4 ﬁmimmm”}wi



US 2018/0061350 A1

Mar. 1,2018 Sheet 4 of 7

Patent Application Publication

P T T T T T T T T T T T LT
= = = = 1]3%
il ¥ii |
Muﬁj o ,.H :ﬁ | ’
Lo ens || it | Lo LT LT a
NN SR ey, R R
| P : e o : 1 91l | m
W | y ~, . s i
| R Sk i d 77 in
- m :
| | _guw 8 | | M |
! : N - N 4 ¥ _ N
| mz_uw 5 > T w éﬂf in
R — e L L NS R ——
7lumv~ .................... 1 - E mﬁ m ‘W ﬁw.ww .\.w 7 M ¥ /~ !
| w — o 1L
w ﬁu i | )1 \_ 4 “ 0¥ ,m
L bl ! < 206 ! _
; P P Pt N T Reatacts el RN R SR
o05- A 5 ) .
pOE- I
9 N 14 W3 p AL e S5 {0




Patent Application Publication = Mar. 1, 2018 Sheet 5 of 7 US 2018/0061350 A1

ot us

[ I R T R
] i | i |
, ] | i |
CLKY | | s | |
| i | | | i
C i | o
? | : | i
{iKig § § ; i }
: ! | i ! |
. P R Py
; | : ; | |
CLK3 ! E ‘. ! ! |
{ | r | } |
| i | { z
I R T B B P I
| ! / | T T
N i | | | | |
CLK38 | : | i ; |
: | ; z [ b
P | A T R T I

FIG. 5



US 2018/0061350 A1

Mar. 1,2018 Sheet 6 of 7

Patent Application Publication

t

2B Y

U N e - m‘I

- IOUN SV SO NN

out{n-2)

i

out{n}

¥P2

out{nt?2)

[y

qut{n+)

FIG. 6



Patent Application Publication = Mar. 1, 2018 Sheet 7 of 7 US 2018/0061350 A1

Voltage

FIG. 7



US 2018/0061350 Al

GATE DRIVING CIRCUIT

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of
China application serial no. 201610720546.3, filed on Aug.
25, 2016. The entirety of the above-mentioned patent appli-
cation is hereby incorporated by reference herein and made
a part of this specification.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The invention relates to a driving circuit, and
particularly relates to a gate driving circuit.

Description of Related Art

[0003] Along with development of technology, related
electronic products such as smart phones, tablet personal
computers (PCs) are widely used, and demands on display
are also gradually increased, for example, image resolution
is expected to get higher and higher, and the display is
required to have a narrow bezel appearance, etc. In order to
satisfy the above demands, in a driving system of a liquid-
crystal display (LCD), gate drivers using a gate on array
(GOA) technique become a main trend, and a function
thereof is to sequentially turn on pixel transistors of each
column on an image, such that a data voltage may get into
the liquid crystal and storage capacitors. In this way, the
liquid crystal may have different angles of deflection under
an electric field variation, and in collaboration with a back-
light plate and a filter, the image of the display panel is
constructed. In recent years, in consumable products, a part
of the gate drivers is highly integrated with a lower layer
glass substrate other than being attached to the panel sur-
rounding by using conventional IC chips. Although electron
mobility of a-Si thin-film transistors (TFTs) is low, the high
uniformity and low cost thereof are advantages for imple-
menting the gate drivers.

[0004] In the existing techniques, a bootstrap capacitor or
a diode device can be configured between a gate and a
source of a transistor in charge of driving a scan line, so as
to completely output a driving voltage signal of a high level,
though according to such manner, the driving voltage signal
is liable to have a surge due to a coupling effect of a parasitic
capacitance of the transistor and the bootstrap capacitor,
which may result in a flickering problem of a display image.
Moreover, usage of the bootstrap capacitor is an obstacle for
achieving the demand of a narrow bezel.

SUMMARY OF THE INVENTION

[0005] The invention is directed to a gate driving circuit,
which is adapted to effectively avoid a flickering problem
and greatly decrease a bezel area.

[0006] The invention provides a gate driving circuit
including multistage driving modules, where an N stage
driving module drives an N* scan line and an (N+2)” scan
line of a display panel, where N is a positive integer. The N
stage driving module includes a setting circuit, a first driving
circuit, an isolating switch circuit, a second driving circuit
and an anti-noise circuit. The setting circuit generates a first
precharge signal according to a gate driving signal of an
(N=2)" scan line or a start signal. The first driving circuit is

Mar. 1, 2018

coupled to the setting circuit, and generates a gate driving
signal of the N” scan line according to the first precharge
signal. The isolating switch circuit is coupled to the first
driving circuit and a power voltage, and is turned on under
control of the gate driving signal of the N scan line, and
outputs the power voltage to serve as a second precharge
signal. The second driving circuit is coupled to the isolating
switch circuit, and generates a gate driving signal of the
(N+2)* scan line according to the second precharge signal.
The anti-noise circuit is coupled to the setting circuit, the
isolating switch circuit, the first driving circuit and the
second driving circuit, and respectively maintains the first
precharge signal, the second precharge signal, the gate
driving signal of the N scan line, and the gate driving signal
of the (N+2)” scan line to an anti-noise voltage according to
a first period signal and a second period signal during a
period when the first driving circuit and the second driving
circuit stop driving the corresponding scan lines.

[0007] In an embodiment of the invention, the anti-noise
circuit includes a first pull-down circuit, a first anti-noise
start circuit, a second pull-down circuit and a second anti-
noise start circuit. The first pull-down circuit is coupled to
the setting circuit, the first driving circuit, the isolating
switch circuit and the second driving circuit. The first
anti-noise start circuit is coupled to the first pull-down
circuit, and determines whether to start the first pull-down
circuit according to the first period signal. The second
pull-down circuit is coupled to the setting circuit, the first
driving circuit, the isolating switch circuit and the second
driving circuit. The second anti-noise start circuit is coupled
to the second pull-down circuit, and determines whether to
start the second pull-down circuit according to the second
period signal, where the first pull-down circuit and the
second pull-down circuit are respectively controlled by the
first anti-noise start circuit and the second anti-noise start
circuit, and are started in turns to pull down the first
precharge signal, the second precharge signal, the gate
driving signal of the N scan line and the gate driving signal
of the (N+2)” scan line to the anti-noise voltage.

[0008] In an embodiment of the invention, the first period
signal and the second period signal are inverted signals.
[0009] In an embodiment of the invention, the first period
signal and the second period signal are frequency signals,
and a period of the first period signal and the second period
signal is equal to 0.5 frame time.

[0010] In an embodiment of the invention, the anti-noise
circuit further includes a control circuit, where the control
circuit is coupled to the setting circuit, and disables the
anti-noise circuit according to the first precharge signal.
[0011] In an embodiment of the invention, the N driving
module further includes a reset circuit, where the reset
circuit is coupled to the anti-noise circuit and the first driving
circuit, and generates a discharge control signal according to
a gate driving signal of an (N+6)™ scan line, and the control
circuit enables the anti-noise circuit according to the dis-
charge control signal.

[0012] In an embodiment of the invention, the first anti-
noise start circuit and the second anti-noise start circuit
respectively include a first transistor and a second transistor.
A drain and a gate of the first transistor are coupled to each
other, and the drain of the first transistor receives the
corresponding period signal, and a source of the first tran-
sistor is coupled to the corresponding pull-down circuit. A
drain and a source of the second transistor are respectively
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coupled to the corresponding pull-down circuit and the
anti-noise voltage, and a gate of the second transistor
receives the corresponding period signal.

[0013] In an embodiment of the invention, the first pull-
down circuit and the second pull-down circuit respectively
include a third transistor to a sixth transistor. The third
transistor is coupled between the setting circuit and the
anti-noise voltage, and a gate of the third transistor is
coupled to the control circuit and the corresponding anti-
noise start circuit. The fourth transistor is coupled between
the first driving circuit and the anti-noise voltage, and a gate
of the fourth transistor is coupled to the control circuit and
the corresponding anti-noise start circuit. The fifth transistor
is coupled between the isolating switch circuit and the
anti-noise voltage, and a gate of the fifth transistor is coupled
to the control circuit and the corresponding anti-noise start
circuit. The sixth transistor is coupled between the second
driving circuit and the anti-noise voltage, and a gate of the
sixth transistor is coupled to the control circuit and the
corresponding anti-noise start circuit, where the third tran-
sistor to the sixth transistor are respectively controlled by the
control circuit, and the corresponding anti-noise start circuit
pulls down the first precharge signal, the second precharge
signal, the gate driving signal of the N scan line and the
gate driving signal of the (N+2)” scan line to the anti-noise
voltage.

[0014] In an embodiment of the invention, the control
circuit includes a seventh transistor and an eighth transistor.
A drain and a source of the seventh transistor are respec-
tively coupled between the first pull-down circuit and the
anti-noise voltage, and a gate of the seventh transistor is
coupled to the setting circuit. A drain and a source of the
eighth transistor are respectively coupled between the sec-
ond pull-down circuit and the anti-noise voltage, and a gate
of' the eighth transistor is coupled to the reset circuit, the first
transistor and the second transistor are turned on under
control of the first precharge signal, and are turned off under
control of the discharge control signal.

[0015] Inan embodiment of the invention, the first driving
circuit includes a first transistor, where a drain thereof
receives a first frequency signal, a source of first the tran-
sistor is coupled to the first pull-down circuit and the second
pull-down circuit, and a gate of the first transistor is coupled
to the setting circuit and the reset circuit, and the first
transistor is turned on under control of the first precharge
signal, and is turned off under control of the discharge
control signal.

[0016] In an embodiment of the invention, the isolating
switch circuit includes a second transistor, where a drain
thereof is coupled to the power voltage, a source of the first
transistor is coupled to the first pull-down circuit and the
second pull-down circuit, and a gate of the second transistor
is coupled to the source of the first transistor.

[0017] In an embodiment of the invention, the second
driving circuit includes a third transistor, where a drain
thereof receives a second frequency signal, a source thereof
is coupled to the first pull-down circuit and the second
pull-down circuit, and a gate thereof is coupled to the source
of the second transistor.

[0018] In an embodiment of the invention, a phase differ-
ence of the first frequency signal and the second frequency
signal is Y4 period.

[0019] According to the above description, in the embodi-
ment of the invention, the isolating switch circuit configured
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between the first driving circuit and the second driving
circuit is used to provide the second precharge signal, so as
to effectively avoid a flickering problem of a display image
caused by a surge of the gate driving signal due to a coupling
effect of a parasitic capacitance of the transistor and a
bootstrap capacitor, and since the bootstrap capacitor is not
used, a bezel area is effectively reduced. Moreover, the
anti-noise circuit may respectively maintain the first pre-
charge signal, the second precharge signal, the gate driving
signal of the N scan line and the gate driving signal of the
(N+2)* scan line to the anti-noise voltage according to the
first period signal and the second period signal during a
period when the first driving circuit and the second driving
circuit stop driving the corresponding scan lines, so as to
avoid voltage instability of output terminals of the gate
driving signals due to a floating state thereof.

[0020] In order to make the aforementioned and other
features and advantages of the invention comprehensible,
several exemplary embodiments accompanied with figures
are described in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The accompanying drawings are included to pro-
vide a further understanding of the invention, and are
incorporated in and constitute a part of this specification.
The drawings illustrate embodiments of the invention and,
together with the description, serve to explain the principles
of the invention.

[0022] FIG. 1 is a schematic diagram of a display device
according to an embodiment of the invention.

[0023] FIG. 2 is a schematic diagram of a gate driving
circuit according to an embodiment of the invention.
[0024] FIG. 3 is a schematic diagram of an N” stage
driving module according to an embodiment of the inven-
tion.

[0025] FIG. 4 is a schematic diagram of an N” stage
driving module according to another embodiment of the
invention.

[0026] FIG. 5 is a waveform schematic diagram of fre-
quency signals according to an embodiment of the inven-
tion.

[0027] FIG. 6 is a waveform schematic diagram of gate
driving signals, precharge signals and period signals accord-
ing to an embodiment of the invention.

[0028] FIG. 7 is a schematic diagram of measured wave-
forms of the gate driving signals.

DESCRIPTION OF EMBODIMENTS

[0029] FIG. 1 is a schematic diagram of a display device
according to an embodiment of the invention. Referring to
FIG. 1, the display device includes a gate driving circuit 102,
a data driving circuit 104 and a display panel 106, where the
gate driving circuit 102 includes multistage driving modules
108. The display panel 106 includes a plurality of pixel
structures P1, as shown in FIG. 1, each of the pixel structures
P1 includes a transistor and a pixel capacitor and a storage
capacitor coupled to the transistor. The display panel 106
includes a plurality of scan lines GL and a plurality of data
lines DL. The driving modules 108 of the gate driving circuit
102 are respectively coupled to the corresponding pixel
structures P1 through the scan lines G, and the data driving
circuit 104 is coupled to the corresponding pixel structures
through the data lines DL. In the present embodiment, the
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gate driving circuit 102 are separately disposed at two sides
of the display panel 106, where the driving modules 108 of
odd stages (the first, third, fifth, . . ., stages) are disposed at
a left side of the display panel 106, and the driving modules
108 of even stages (the second, fourth, sixth, . . ., stages) are
disposed at a right side of the display panel 106, though the
invention is not limited thereto, and in some embodiments,
the gate driving circuit 102 can also be integrated to one side
of the display panel 106. Moreover, in the embodiment of
FIG. 1, the driving modules 108 located at the left side of the
display panel 106 are configured to drive the odd scan lines
GL, and the driving modules 108 located at the right side of
the display panel 106 are configured to drive the even scan
lines GL, and each of the driving modules 108 is a single-
stage double output structure, for example, regarding the left
side of the display panel 106, the 1% stage driving module
108 is coupled to the 1* and 3" scan lines GL to drive the
1°* and 3¢ scan lines GL, the 3"/ stage driving module 108
is coupled to the 57 and 7% scan lines to drive the 5% and 7%
scan lines . . . , and the others are deuced by analogy.
Moreover, regarding the right side of the display panel 106,
the 2" stage driving module 108 is coupled to the 2" and
47 scan lines GL to drive the 27 and 47 scan lines GL, the
4™ stage driving module 108 is coupled to the 6% and 8
scan lines to drive the 67 and 8” scan lines . . . , and the
others are deuced by analogy. Moreover, the data driving
circuit 104 may provide a data voltage to the corresponding
pixel structures P1 during a driving period of the scan lines
GL, such that the pixel structures P1 may display an image
corresponding to the data voltage. By the means of bilateral
scanning, the driving modules 108 of the gate driving circuit
102 can be evenly distributed at the two sides of the display
panel 106, so as to reduce a risk of that the signal output by
the gate driving circuit 102 cannot drive the subsequent
stages due to signal attenuation.

[0030] FIG. 2 is a schematic diagram of a gate driving
circuit according to an embodiment of the invention. Refer-
ring to FIG. 2, taking the gate driving circuit 102 located at
the left side of the display panel 106 as an example, the gate
driving circuit 102 includes odd stage driving modules
108-1, 108-3, 108-5, . . . , where each of the driving modules
has a power input terminal VC, a ground terminal Gnd, a
frequency input terminal C1, a frequency input terminal C2,
a setting terminal S1, a reset terminal RS1 and an output
terminal O1, an output terminal O2. The power input ter-
minal VC is used for receiving a power voltage VDD, the
ground terminal Gnd is used for connecting a ground voltage
VGnd, and each of the driving modules respectively receive
a corresponding frequency signal through the frequency
input terminal C1 and the frequency input terminal C2, for
example, the driving module 108-1 receives a frequency
signal CLK1 and a frequency signal CLK3, the driving
module 108-3 receives a frequency signal CLK1B and a
frequency signal CLK3B, and the driving module 108-5
receives the frequency signal CLK1 and the frequency
signal CLK3, . . ., and the others are deduced by analogy.
The frequency signal CLK1B and the frequency signal
CLK3B are respectively inverted signals of the frequency
signal CLK1 and the frequency signal CLK3. Moreover, the
setting terminal S1 of the N stage driving module is used
for receiving a gate driving signal out(n) of the N scan line
GL, for example, the setting terminal S1 of the driving
module 108-3 receives a gate driving signal out(3) of the 3"
scan line GL. It should be noted that the setting terminal S1
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of the 1* stage driving module 108-1 is used for receiving a
start signal Vst. Moreover, the reset terminal RS1 of the N
stage driving module is used for receiving a gate driving
signal out(n+6) of the (N+6)” scan line GL, for example, the
reset terminal RS1 of the driving module 108-1 receives a
gate driving signal out(7) of the 7 scan line GL. The output
terminal O1 and the output terminal O2 of the N* stage
driving module is used for outputting the gate driving signal
out(n) and the gate driving signal out(n+2) of the N and the
(N+2)” scan lines GL on the display panel 106, so as to drive
the gates of the transistors in the pixel structures P1 con-
nected to the N” and the (N+2)” scan lines GL. For
example, the output terminal O1 and the output terminal O2
of the 1* stage driving module 108-1 output the gate driving
signal out(1) and the gate driving signal out(3) of the 1% and
the 3" scan lines GL.

[0031] Similarly, the even stage driving modules in the
gate driving circuit 102 located at the right side of the
display panel 106 are also implemented in the way similar
to that of the embodiment of FIG. 2, and those skilled in the
art can deduce the implementation according to the descrip-
tion of the embodiment of FIG. 2, and details thereof are not
repeated. Implementation of the driving modules in the gate
driving circuit 102 located at the left side of the display
panel 106 is further described below, and those skilled in the
art may deduce the implementation of the driving modules
in the gate driving circuit 102 located at the right side of the
display panel 106 according to the following description, so
that the implementation of the driving modules in the gate
driving circuit 102 located at the right side of the display
panel 106 is not further described.

[0032] FIG. 3 is a schematic diagram of the N? stage
driving module according to an embodiment of the inven-
tion. Referring to FIG. 3, in detail, the N* driving module
may include a setting circuit 302, a driving circuit 304, a
driving circuit 306, an isolating switch circuit 308, an
anti-noise circuit 310 and a reset circuit 312, where the
anti-noise circuit 310 is coupled to the setting circuit 302,
the driving circuit 304, the driving circuit 306, the isolating
switch circuit 308 and the reset circuit 312. The driving
circuit 304 is further coupled to the setting circuit 302, the
reset circuit 312 and the isolating switch circuit 308, and the
isolating switch circuit 308 is further coupled to the driving
circuit 306. The setting circuit 302 generates a precharge
signal VP1 according to a gate driving signal out(n-2) of an
(N-2)" scan line GL or a start signal Vst (when the driving
module is the 1** stage or the 2" stage driving module, the
setting circuit 302 generates the precharge signal VP1
according to the start signal Vst). The driving circuit 304
generates a gate driving signal out(n) of the N scan line GL
according to the precharge signal VP1. The isolating switch
circuit 308 is turned on under control of the gate driving
signal out(n) of the N” scan line GL, and outputs the power
voltage VDD to serve as a precharge signal VP2. The driving
circuit 306 generates a gate driving signal out(n+2) of the
(N+2)” scan line GL according to the second precharge
signal VP2. In this way, the isolating switch circuit 308
configured between the driving circuit 304 and the driving
circuit 306 is used to provide the precharge signal VP2, so
as to effectively avoid a flickering problem of a display
image caused by a voltage surge of the gate driving signal
out(n) and the gate driving circuit out(n-2) due to that the
gate driving signal out(n) and the gate driving circuit out
(n-2) are influenced by the frequency signal received by the
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driving transistor through a parasitic capacitance and a
bootstrap capacitor (or a diode device) in case that the prior
art adopts the bootstrap capacitor or the diode device.

[0033] Moreover, the reset circuit 312 may generate a
discharge control signal VRS1 according to the gate driving
signal out(n+6) of the (N+6)” scan line, so as to enable the
anti-noise circuit 310 during the period when the driving
circuit 304 and the driving circuit 306 stop driving the
corresponding scan lines GL. The anti-noise circuit 310 may
maintain the precharge signal VP1, the precharge signal
VP2, the gate driving signal out(n) of the N* scan line GL,
and the gate driving signal out(n+2) of the (N+2)” scan line
GL to an anti-noise voltage (for example, a ground voltage,
though the invention is not limited thereto) according to a
period signal ECK and a period signal EXCK during the
period when the driving circuit 304 and the driving circuit
306 stop driving the corresponding scan lines GL, so as to
avoid voltage instability of the output terminals of the gate
driving signal out(n) and the gate driving signal out(n+2)
due to that the output terminals are in a floating state. The
period signal ECK and the period signal EXCK are, for
example, inverted signals, and the anti-noise circuit 310
operates according to the period signal ECK and the period
signal EXCK, such that circuit devices of the anti-noise
circuit 310 are avoided to be biased to a specific voltage
level for a long time to cause reliability reduction of the
circuit devices to influence the anti-noise capability of the
anti-noise circuit 310.

[0034] FIG. 4 is a schematic diagram of the N* stage
driving module according to another embodiment of the
invention. Referring to FIG. 4, in detail, the N stage driving
module can be implemented as shown in FIG. 4. In the
present embodiment, a setting circuit 302, a driving circuit
304, a driving circuit 306, an isolating switch circuit 308 and
a reset circuit 312 are respectively implemented by a tran-
sistor T1, a transistor T2, a transistor T3, a transistor T4, a
transistor T5. A drain of the transistor T1 is coupled to the
power voltage VDD, a source of the transistor T1 is coupled
to a gate of the transistor T2 and the anti-noise circuit 310,
and a gate of the transistor T1 receives the gate driving
signal out(n-2) of the (N=2)" scan line GL or the start signal
Vst (when the driving module is the 1% stage or the 2 stage
driving module, the gate of the transistor receives the start
signal Vst). A drain of the transistor T2 receives a frequency
signal CLK1, and a source of the transistor T2 is coupled to
a gate of the transistor T4 and the anti-noise circuit 310. A
drain of the transistor T4 is coupled to the power voltage
VDD, and a source of the transistor T4 is coupled to a gate
of the transistor T3 and the anti-noise transistor 310. A drain
of the transistor T3 receives a frequency signal CLK3, and
a source of the transistor T3 is coupled to the anti-noise
circuit 310, where a phase difference of the frequency signal
CLK1 and the frequency signal CLK3 is %4 period, though
the invention is not limited thereto, and by using the
frequency signal overlapped on a time domain as a control
signal of the driving module of each stage, the gate driving
signals with waveforms overlapped on the time domain can
be generated, so as to provide a function of pre-driving the
pixel structures P1 to resolve a problem of insufficient
charging of a liquid crystal capacitor due to that a driving
time of the scan line GL is shortened under a high resolution.
A drain of the transistor T5 is coupled to the power voltage
VSS, the power voltage VSS is a low level voltage smaller
than the power voltage VDD, for example, the ground

Mar. 1, 2018

voltage, though the invention is not limited thereto. A source
of the transistor T5 is coupled to the gate of the transistor T2
and the anti-noise circuit 310, and a gate of the transistor T5
receives the gate driving signal out(n+6) of the (N+6)” scan
line GL.

[0035] Moreover, the anti-noise circuit 310 of the present
embodiment includes transistors T6-T19, where the transis-
tor T6 and the transistor T7 construct an anti-noise start
circuit 402, the transistor T8 and the transistor T9 construct
an anti-noise start circuit 404, the transistor T10 and the
transistor T11 construct a control circuit 406, the transistors
T12-T15 construct a first pull-down circuit, and the transis-
tors T16-T19 construct a second pull-down circuit. The first
pull-down circuit is coupled to the anti-noise start circuit
402, the setting circuit 302, the driving circuit 306 and the
isolating switch circuit 308, and the second pull-down
circuit is coupled to the anti-noise start circuit 404, the
setting circuit 302, the driving circuit 306 and the isolating
switch circuit 308. The anti-noise start circuit 402 may
determine whether to start the first pull-down circuit accord-
ing to the period signal ECK, and the anti-noise start circuit
404 may determine whether to start the second pull-down
circuit according to the period signal EXCK, where the
period signal ECK and the period signal EXCK are, for
example, frequency signals with a long period, and the
period signal ECK and the period signal EXCK are inverted
signals, and a period thereof is, for example, equal to 0.5
frame time, though the invention is not limited thereto. The
first pull-down circuit and the second pull-down circuit are
respectively controlled by the anti-noise start circuit 402 and
the anti-noise start circuit 404 to start in alternation, and pull
down the precharge signal VP1, the precharge signal VP2,
the gate driving signal out(n) of the N scan line and the gate
driving signal out(n+2) of the (N+2)” scan line to the
anti-noise voltage (for example, the ground voltage, though
the invention is not limited thereto), so as to stabilize the
voltage of the gate driving signals out(n) and out(n+2)
during the period when the driving circuit 304 and the
driving circuit 306 stop driving the corresponding scan lines.
The control circuit 406 is coupled to the setting circuit 302
and the reset circuit 304, and may disable the anti-noise
circuit 310 according to the precharge signal VP1, and
enable the anti-noise circuit 310 according to the discharge
control signal VRS1 generated by the reset circuit 312.

[0036] Further, in the anti-noise start circuit 402, a drain
and a gate of the transistor T6 are coupled to each other, the
drain of the transistor T6 receives the period signal ECK,
and a source of the transistor T6 is coupled to drains of the
transistor T11, the transistor T9 and the transistor T10 and
gates of the transistor T12 and the transistor T13. A drain of
the transistor T7 is coupled to a source of the transistor T8
and the drain of the transistor T11, a source of the transistor
T7 is coupled to the ground, and a gate of the transistor T7
is coupled to the gate of the transistor T6. In the anti-noise
start circuit 404, a drain and a gate of the transistor T8 are
coupled to each other, the drain of the transistor T8 receives
the period signal EXCK, and the source of the transistor T8
is coupled to the drains of the transistor T11 and the
transistor T7 and the gates of the transistor T16, the tran-
sistor T17, the transistor T18 and the transistor T19. A drain
of the transistor T9 is coupled to the source of the transistor
T6 and the drain of the transistor T10, a source of the
transistor T9 is coupled to the ground, and a gate of the
transistor T9 is coupled to the gate of the transistor T8. In the
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control circuit 406, a gate of the transistor T10 is coupled to
the sources of the transistor T1 and the transistor T5, a
source of the transistor T10 is coupled to the ground, and a
drain of the transistor T10 is coupled to the gates of the
transistor T12, the transistor T13, the transistor T14 and the
transistor T15. A gate of the transistor T11 is coupled to the
sources of the transistor T1 and the transistor T5, a source of
the transistor T11 is coupled to the ground, and a drain of the
transistor T11 is coupled to the gates of the transistor T16,
the transistor T17, the transistor T18 and the transistor T19.
Moreover, the drains of the transistor T12 and the transistor
T16 are coupled to the sources of the transistor T1 and the
transistor T5, the sources of the transistor T12 and the
transistor T16 are coupled to the ground, the drains of the
transistor T13 and the transistor T17 are coupled to the
source of the transistor T2, the sources of the transistor T13
and the transistor T17 are coupled to the ground, the drains
of'the transistor T14 and the transistor T18 are coupled to the
source of the transistor T4, the sources of the transistor T14
and the transistor T18 are coupled to the ground, the drains
of'the transistor T15 and the transistor T19 are coupled to the
source of the transistor T3, and the sources of the transistor
T15 and the transistor T19 are coupled to the ground.

[0037] FIG. 5 is a waveform schematic diagram of the
frequency signals according to an embodiment of the inven-
tion, and FIG. 6 is a waveform schematic diagram of the gate
driving signals, the precharge signals and the period signals
according to an embodiment of the invention. A circuit
operation of the embodiment of FIG. 4 is described below
with reference of FIG. 5 and FIG. 6. Referring to FIG. 4 to
FIG. 6, in a time interval t1, the gate driving signal out(n-2)
(in case of the 1* stage driving module, the gate driving
signal out(n-2) is replaced by the start signal Vst) turns on
the transistor T1 to produce the precharge signal VP1 at the
source of the transistor T1 to charge the gate of the transistor
T2, so as to turn on the transistor T2. Now, the frequency
signal CLK1 is in a low voltage level, and the frequency
signal CLK1 pulls down the gate driving signal out(n) to the
low voltage level through the turned on transistor T2. On the
other hand, the transistor T10 and the transistor T11 are also
turned on by the precharge signal VP1, such that the
anti-noise circuit 310 is in a disable state.

[0038] In a time interval 2, the frequency signal CLK1 is
changed from the low voltage level to the high voltage level,
and the gate driving signal out(n) generated by the transistor
T2 starts to charge the gate of the transistor T4, and
meanwhile a parasitic capacitance of the transistor T2 pro-
duces a bootstrap effect to the gate of the transistor T2 to
elevate the gate of the transistor T2 to a higher voltage level,
such that the frequency signal CLK1 more completely
serves as the gate driving signal out(n) for outputting.
Besides that the gate driving signal out(n) drives the N* scan
line GL, the gate driving signal out(n) also turns on the
transistor T4 and charges the gate of the transistor T3, and
now the frequency signal CLK3 has the low voltage level,
and the frequency signal CLK3 pulls down the gate driving
signal out(n+2) to the low voltage level through the turned
on transistor T3. The transistor T4 may isolate the transistor
T2 and the transistor T3 serving as the driving circuits, so as
to avoid mutual influence of the operations of the transistor
T2 and the transistor T3, and effectively generate the gate
driving signal out(n) and the gate driving signal out(n+2)
with correct voltage values. As shown in a schematic dia-
gram of measured waveforms of the gate driving signals of

Mar. 1, 2018

FIG. 7, a dot line part shows the gate driving signal out'(n)
generated according to the existing technique (i.e. a boot-
strap capacitor or a diode device is used between the two
driving transistors (the transistor T2 and the transistor T3)),
and when the gate driving signal out(n+2) is changed to the
high voltage level, it may influence the output of the gate
driving signal out'(n) through the bootstrap capacitor or the
diode device, such that the gate driving signal out'(n) may
have a surge. Comparatively, by using the implementation of
the present embodiment (i.e. the transistor T4 is used
between two driving transistors (the transistor T2 and the
transistor T3) to isolate the transistor T2 and the transistor
T3 serving as the driving circuits, the gate driving signal is
avoided to have a surge (shown as the gate driving signal
out(n) of FIG. 7).

[0039] In a time interval t3, the transistor T3 is turned on
by the precharge signal VP2, and the frequency signal CLK3
is changed from the low voltage level to the high voltage
level, so that the gate driving signal out(n+2) is also changed
to the high voltage level, and meanwhile the gate driving
signal out(n+2) produces the bootstrap effect to the gate of
the transistor T3 through the parasitic capacitance of the
transistor T3, and the gate of the transistor T3 is elevated to
a higher voltage level, such that the frequency signal CLK3
more completely serves as the gate driving signal out(n+2)
for outputting. Besides that the gate driving signal out(n+2)
drives the (N+2)” scan line GL, the gate driving signal
out(n+2) also serves as a start signal of a next stage driving
module. In this way, by using the parasitic capacitance
provided by the large-size driving transistor to produce the
bootstrap effect, the high level of the frequency signal is
output to the scan line GL, so as to avoid additionally setting
a bootstrap capacitor to achieve an effect of reducing a bezel
area.

[0040] In a time interval t4, output of the gate driving
signal out(n+2) is completed, and the gate driving signal
out(n+2) is changed to the low voltage level when the time
interval t4 is ended.

[0041] In a time interval t5, the transistor T5 is turned on
under control of the gate driving signal out(n+6), and the
source thereof generates the discharge control signal VRS1
according to the power voltage VSS to pull down the gate
voltage of the transistor T2 to a low voltage level, such that
the transistor T2 and the transistor T10, the transistor T11 in
the control circuit 406 are turned off to enable the anti-noise
circuit 310, and the first pull-down circuit or the second
pull-down circuit may pull down the precharge signal VP1,
the precharge signal VP2 and the gate driving signals out(n)
and out(n+2) to the anti-noise voltage (which is the ground
voltage in the present embodiment), so as to ensure that the
gates of the transistor T2, the transistor T4, the transistor T3
and the source of the transistor T3 are not in the floating state
during the period when the driving circuit 304 and the
driving circuit 306 stop driving the scan line GL.

[0042] Further, when the anti-noise circuit 310 is enabled,
the source of the transistor T5 has a low voltage level, such
that the transistor T10, the transistor T11, the transistor T12
and the transistor T16 are turned off. In the present embodi-
ment, since a voltage value of the period signal ECK is the
power voltage VDD, and a voltage value of the period signal
is the ground voltage VGnd, the transistors T6-T7 and
T12-T15 are turned on, and the transistors T8-T9 and
T16-T19 are turned off. Namely, the anti-noise start circuit
402 starts the first pull-down circuit (the transistors T12-
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T15) according to the period signal ECK to pull down the
precharge signal VP1, the precharge signal VP2 and the gate
driving signals out(n) and out(n+2) to the anti-noise voltage
(the ground voltage), and the anti-noise start circuit 404
turns off the first pull-down circuit (the transistors T16-T19)
according to the period signal EXCK. Similarly, when the
voltage value of the period signal ECK is changed to the
ground voltage VGnd, and the voltage value of the period
signal EXCK is the power voltage VDD, the anti-noise start
circuit 402 turns off the first pull-down circuit (the transis-
tors T12-T15) according to the period signal ECK, and the
anti-noise start circuit 404 starts the first pull-down circuit
(the transistors T16-T19) according to the period signal
ECK to pull down the precharge signal VP1, the precharge
signal VP2 and the gate driving signals out(n) and out(n+2)
to the anti-noise voltage (the ground voltage). In this way,
the anti-noise start circuit 402 and the anti-noise start circuit
404 start the first pull-down circuit and the second pull-
down circuit in turns according to the period signal ECK and
the period signal EXCK, such that the transistors in the
anti-noise start circuit 402, the anti-noise start circuit 404,
the first pull-down circuit and the second pull-down circuit
are avoided to be biased to the high voltage level to cause
reliability reduction of the circuit devices to influence the
anti-noise capability of the anti-noise circuit 310.

[0043] In summary, in the embodiment of the invention,
the isolating switch circuit is configured between two driv-
ing circuits of each stage of the driving modules to provide
the second precharge signal, so as to effectively avoid a
flickering problem of a display image caused by a surge of
the gate driving signal due to a coupling effect of a parasitic
capacitance of the transistor and a bootstrap capacitor, and
since the bootstrap capacitor is not used, the bezel area is
effectively reduced. Moreover, the anti-noise circuit may
respectively maintain the precharge signals, the gate driving
signal of the N scan line and the gate driving signal of the
(N+2)” scan line to the anti-noise voltage according to two
period signals with inverted phased during a period when the
two driving circuits in each stage of the driving modules stop
driving the corresponding scan lines, so as to avoid voltage
instability of the output terminals of the gate driving signals
due to the floating state thereof.

[0044] It will be apparent to those skilled in the art that
various modifications and variations can be made to the
structure of the invention without departing from the scope
or spirit of the invention. In view of the foregoing, it is
intended that the invention cover modifications and varia-
tions of this invention provided they fall within the scope of
the following claims and their equivalents.

What is claimed is:

1. A gate driving circuit, comprising:

multistage driving modules, wherein an N* stage driving
module drives an N scan line and an (N+2)* scan line
of a display panel, wherein N is a positive integer, and
the N stage driving module comprises:

a setting circuit, generating a first precharge signal
according to a gate driving signal of the (N-2)” scan
line or a start signal;

a first driving circuit, coupled to the setting circuit, and
generating a gate driving signal of the N? scan line
according to the first precharge signal;

an isolating switch circuit, coupled to the first driving
circuit and a power voltage, and turned on under
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control of the gate driving signal of the N* scan line,
and outputting the power voltage to serve as a second
precharge signal;

a second driving circuit, coupled to the isolating switch
circuit, and generating a gate driving signal of the
(N+2)* scan line according to the second precharge
signal; and

an anti-noise circuit, coupled to the setting circuit, the
isolating switch circuit, the first driving circuit and
the second driving circuit, and respectively main-
taining the first precharge signal, the second pre-
charge signal, the gate driving signal of the N scan
line, and the gate driving signal of the (N+2)* scan
line to an anti-noise voltage according to a first
period signal and a second period signal during a
period when the first driving circuit and the second
driving circuit stop driving the corresponding scan
lines.

2. The gate driving circuit as claimed in claim 1, wherein
the anti-noise circuit comprises:

a first pull-down circuit, coupled to the setting circuit, the
first driving circuit, the isolating switch circuit and the
second driving circuit;

a first anti-noise start circuit, coupled to the first pull-
down circuit, and determining whether to start the first
pull-down circuit according to the first period signal;

a second pull-down circuit, coupled to the setting circuit,
the first driving circuit, the isolating switch circuit and
the second driving circuit; and

a second anti-noise start circuit, coupled to the second
pull-down circuit, and determining whether to start the
second pull-down circuit according to the second
period signal, wherein the first pull-down circuit and
the second pull-down circuit are respectively controlled
by the first anti-noise start circuit and the second
anti-noise start circuit, and are started in turns to pull
down the first precharge signal, the second precharge
signal, the gate driving signal of the N” scan line and
the gate driving signal of the (N+2)* scan line to the
anti-noise voltage.

3. The gate driving circuit as claimed in claim 2, wherein
the first period signal and the second period signal are
inverted signals.

4. The gate driving circuit as claimed in claim 3, wherein
the first period signal and the second period signal are
frequency signals, and a period of the first period signal and
the second period signal is equal to 0.5 frame time.

5. The gate driving circuit as claimed in claim 2, wherein
the anti-noise circuit further comprises:

a control circuit, coupled to the setting circuit, and dis-
abling the anti-noise circuit according to the first pre-
charge signal.

6. The gate driving circuit as claimed in claim 5, wherein

the N* driving module further comprises:

a reset circuit, coupled to the anti-noise circuit and the
first driving circuit, and generating a discharge control
signal according to a gate driving signal of an (N+6)*
scan line, and the control circuit enables the anti-noise
circuit according to the discharge control signal.

7. The gate driving circuit as claimed in claim 6, wherein
the first anti-noise start circuit and the second anti-noise start
circuit respectively comprise:

a first transistor, having a drain and a gate coupled to each

other, wherein the drain of the first transistor receives
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the corresponding period signal, and a source of the
first transistor is coupled to the corresponding pull-
down circuit; and

a second transistor, having a drain and a source respec-
tively coupled to the corresponding pull-down circuit
and the anti-noise voltage, and a gate of the second
transistor receiving the corresponding period signal.

8. The gate driving circuit as claimed in claim 7, wherein

the first pull-down circuit and the second pull-down circuit
respectively comprise:

a third transistor, coupled between the setting circuit and
the anti-noise voltage, and a gate of the third transistor
being coupled to the control circuit and the correspond-
ing anti-noise start circuit;

a fourth transistor, coupled between the first driving
circuit and the anti-noise voltage, and a gate of the
fourth transistor being coupled to the control circuit and
the corresponding anti-noise start circuit;

a fifth transistor, coupled between the isolating switch
circuit and the anti-noise voltage, and a gate of the fifth
transistor being coupled to the control circuit and the
corresponding anti-noise start circuit; and

a sixth transistor, coupled between the second driving
circuit and the anti-noise voltage, and a gate of the sixth
transistor being coupled to the control circuit and the
corresponding anti-noise start circuit, wherein the third
transistor to the sixth transistor are respectively con-
trolled by the control circuit, and the corresponding
anti-noise start circuit pulls down the first precharge
signal, the second precharge the gate driving signal of
the N scan line and the gate driving signal of the
(N+2)* scan line to the anti-noise voltage.

9. The gate driving circuit as claimed in claim 8, wherein

the control circuit comprises:

a seventh transistor, having a drain and a source respec-
tively coupled between the first pull-down circuit and
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the anti-noise voltage, and a gate of the seventh tran-
sistor being coupled to the setting circuit; and

an eighth transistor, having a drain and a source respec-
tively coupled between the second pull-down circuit
and the anti-noise voltage, and a gate of the eighth
transistor being coupled to the reset circuit, wherein the
first transistor and the second transistor are turned on
under control of the first precharge signal, and are
turned off under control of the discharge control signal.

10. The gate driving circuit as claimed in claim 6, wherein

the first driving circuit comprises:

a first transistor, having a drain receiving a first frequency
signal, a source coupled to the first pull-down circuit
and the second pull-down circuit, and a gate coupled to
the setting circuit and the reset circuit, wherein the first
transistor is turned on under control of the first pre-
charge signal, and is turned off under control of the
discharge control signal.

11. The gate driving circuit as claimed in claim 10,

wherein the isolating switch circuit comprises:

a second transistor, having a drain coupled to the power
voltage, a source coupled to the first pull-down circuit
and the second pull-down circuit, and a gate coupled to
the source of the first transistor.

12. The gate driving circuit as claimed in claim 11,

wherein the second driving circuit comprises:

a third transistor, having a drain thereof receiving a
second frequency signal, a source coupled to the first
pull-down circuit and the second pull-down circuit, and
a gate coupled to the source of the second transistor.

13. The gate driving circuit as claimed in claim 12,

wherein a phase difference of the first frequency signal and
the second frequency signal is %4 period.

#* #* #* #* #*



