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DISPLAY DEVICE PROVIDING
BI-DIRECTIONAL VOLTAGE
STABILIZATION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention is related to a display device, and
more particularly, to a liquid crystal display device having
bi-direction voltage stabilization mechanism.

2. Description of the Prior Art

Liquid crystal display (LCD) devices, characterized in low
radiation, thin appearance and low power consumption, have
gradually replaced traditional cathode ray tube display (CRT)
devices and widely used in electronic devices such as note-
book computers, personal digital assistants (PDAs), flat panel
TVs or mobile phones. Traditional LCD devices display
images by driving the pixels of the panel using external driv-
ing chips. In order to reduce the number of devices and to
lower manufacturing cost, gate on array (GOA) technique has
been developed, in which gate drivers are directly fabricated
on the panel where the pixels are disposed.

Reference is made to FIG. 1 for a top-view diagram of a
related art LCD device 100. The LCD device 100, fabricated
using GOA technique, includes a display area 180 and a
non-display area 190. A shift register 110, a source driver 130,
aclock generator 140 and a power supply 150 are disposed in
the non-display area 190 for driving the pixels (not shown in
FIG. 1) in the display area 180 in order to display images.

Reference is made to FIG. 2 for a simplified block diagram
of the LCD device 100. FIG. 2 merely depicts a partial struc-
ture of the LCD device 100, including a plurality of gate lines
GL(1)~GL(N) disposed in the display area 180, as well as the
shift register 110, the clock generator 140, and the power
supply 150 disposed in the non-display area 190. The clock
generator 140 can provide a start pulse signal VST and clock
signals CLK1-CLKm for operating the shift register 110. The
power supply 150 can provide a bias voltage VSS for operat-
ing the shift register 110. The shift register 110 includes a
plurality of serially-coupled shift register units SR(1)-SR(N),
which include pulse generators PG(1)-PG(N) and low level
stabilizer LLS(1)-LLS(N), respectively. The output ends of
the shift register units SR(1)-SR(N) are respectively coupled
to the first ends L(1)-L(N) of the corresponding gate lines
GL(1)-GL(N). Based on the clock signals CLK1-CLKm and
the start pulse signal VST, the shift register 110 can sequen-
tially output gate driving signals GS(1)-GS(N) to the corre-
sponding gate lines GL(1)-GL(N) via the shift register units
SR(1)-SR(N), respectively.

Reference is made to FIG. 3 for a diagram illustrating a
related art nth-stage shift register unit SR(n) among the plu-
rality of shift register units SR(1)-SR(N), wherein n is an
integer between 1 and N. The shift register unit SR(n)
includes a pulse generator PG(n) and a low level stabilizer
LLS(n). The input end of the shift register unit SR(n) is
coupled to the output end of a prior-stage shift register unit
SR(n-1). The output end of the shift register unit SR(n) is
coupled to the first end L(n) of the gate line GL(n).

The pulse generators PG{n), including transistors T1, T2,
T9 and T10, can generate gate driving signal GS(n) based on
the clock signal CLKn and the gate driving signal GS(n-1)
transmitted from the prior-stage shift register unit SR(n-1).
The low level stabilizer LLS(n) includes transistors T3, T4
and T11-T14. The transistors T11-T14 form a pull-down
control circuit 11 which can output control signals to the gates
of the transistors 13 and T4 based on the clock signal CLKn
and the voltage level of the node Q(n). Therefore, based on
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respective gate voltages, the transistor T3 can control the
signal transmission path between the node Q(n) and the low-
level bias voltage VSS, while the transistor T4 can control the
signal transmission path between the first end L(n) of the gate
line GL(n) and the low-level bias voltage VSS.

As shown FIG. 1, the pulse generator PG(n) and the low
level stabilizer LLS(n) of the shift register unit SR(n) are both
disposed in the non-display area 190 and on the same side
with respect to the display area 180. During the output period
of the shift register unit SR(n), the gate line GL(n) of the
related art LCD device 100 receives the gate driving signal
GS(n) generated by the pulse generators PG(n) at the first end
L(n); during other periods excluding the output period of the
shift register unit SR(n), the voltage level of the gate line
GL(n) in the related art LCD device 100 is maintained using
the transistors T3 and T4 of the low-level stabilizer LLS(n).
The related art LCD device 100 adopts a uni-directional volt-
age stabilizing structure, in which the node Q(n) is pulled
down to the low-level bias voltage VSS via the turned-on
transistor T3, thereby turning off the transistor T2 and pre-
venting the first end L(n) of the gate line GL(n) from being
influenced by the clock signal CLKn. Meanwhile, the first
end L(n) of the gate line GL (1) is pulled down to the low-level
bias voltage VSS via the turned-on transistor T4, thereby
keeping the gate driving signal GS(n) at the low level from the
signal input side.

In the driving circuits of an LCD device, the channel width/
length ratio of a transistor is determined based on how much
driving is required. A transistor having a larger channel width/
length ratio provides higher driving capability, but occupies
larger circuit space. The pull-down circuit 11 generally
adopts the transistors T11-T14 with small channel width/
length ratio, which can provide sufficient driving for gener-
ating the control signals of the transistor T3. Therefore, when
performing miniaturization or rim reduction in the LCD
device, the major impact on panel size is mainly contributed
by the channel width/length ratios W/L ;~W/L, of the transis-
tors T1-T4.

Intherelated art LCD device 100, since the pulse generator
PG(n) receives the input signal using the transistor T1 and
outputs the gate driving signal GS(n) for driving the gate line
GL(n) using the transistor T2, the transistor T2 needs to
provide much higher driving capability than the transistor T1.
Since the low-level stabilizer LLS(n) maintains the voltage
level of the node Q(n) using the transistor T3 and maintains
the voltage level of the entire output using the transistor T4,
the transistor T4 needs to provide much higher driving capa-
bility than the transistor T3. Generally, W/L, is about 300,
W/L, is about 2000, W/L, is about 40, and W/L, is about 300.
The capacitor Cp, in FIG. 3 may be a parasitic capacitor of the
largest transistor T1.

As shown in FIG. 1, the non-display area around the dis-
play area includes dummy space regardless of the position of
the driving circuits. The related art LCD device 100 adopts a
uni-directional driving and stabilizing structure, in which the
pulse generator PG(n) and the low-level stabilizer LLS(n) of
the shift register unit SR(n) are both disposed in the dummy
space of the non-display area 190 at the same side with
respect to the display area 180. Since the transistors T1-T4
occupy large circuit space, rim reduction cannot be effec-
tively performed on the LCD device 100.

SUMMARY OF THE INVENTION

The present invention provides an LCD device having bi-
directional stabilization mechanism comprising a display
area in which a plurality of parallel gate lines are disposed; a
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non-display area having a first area and a second area,
wherein the first and second areas are located on opposite
sides with respect to the display area; a shift register having a
plurality of shift register units coupled in series, wherein a
shift register among the plurality of shift register drives a
corresponding gate line among the plurality of gate lines. The
shift register units comprises a first circuit disposed in the first
area and a second circuit disposed in the second area. The first
circuit comprises a pulse generator for generating a driving
signal based on an input signal and comprising an input end
for receiving the input signal, an output end coupled to a first
end of the corresponding gate line for outputting the driving
signal, and a node; a first transistor having a first channel
width/length ratio for maintaining a voltage level of the node
based on a first control signal and comprising a first end
coupled to the node, a second end for receiving a first voltage,
and a control end for receiving the first control signal. The
second circuit comprises a second transistor having a second
channel width/length ratio for maintaining a voltage level ata
second end of the corresponding gate line based on a second
control signal and comprising a first end coupled to the sec-
ond end of the corresponding gate line, a second end for
receiving asecond voltage, and a control end for receiving the
second control signal. The first channel width/length ratio is
smaller than the second channel width/length ratio and the
layout area of the first circuit is larger than the layout area of
the second circuit.

The present invention further provides a shift register
which provides bi-directional stabilization mechanism and
includes a plurality of shift register units coupled in series for
driving a plurality of loads. A shift register among the plural-
ity of shift register comprises a first circuit disposed in the first
area and a second circuit disposed in the second area. The first
circuit comprises a pulse generator for generating a driving
signal based on an input signal and comprising an input end
for receiving the input signal, an output end coupled to a first
end of a corresponding load among the plurality of loads for
outputting the driving signal, and a node; a first transistor
having a first channel width/length ratio for maintaining a
voltage level of the node based on a first control signal and
comprising a first end coupled to the node, a second end for
receiving a first voltage, and a control end for receiving the
first control signal. The second circuit comprises a second
transistor having a second channel width/length ratio for
maintaining a voltage level at a second end of the correspond-
ing load based on a second control signal and comprising a
first end coupled to the second end of the corresponding load,
asecond end for receiving a second voltage, and a control end
for receiving the second control signal. The first channel
width/length ratio is smaller than the second channel width/
length ratio and the layout area of the first circuit is larger than
the layout area of the second circuit.

These and other objectives of the present invention will no
doubtbecome obvious to those of ordinary skill in the art after
reading the following detailed description of the preferred
embodiment that is illustrated in the various figures and draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a top-view diagram of a related art LCD device.

FIG. 2 is a simplified block diagram of a related art LCD
device.

FIG. 3 is a diagram illustrating a related art nth-stage shift
register unit.

FIG. 4 is a top-view diagram of an LCD device according
to the present invention.
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FIG. 5 is a simplified block diagram of the LCD device
according to the present invention.

FIG. 6 is a diagram illustrating the nth-stage output of the
LCD device according to a first embodiment of the present
invention.

FIG. 7 is a diagram illustrating the nth-stage output of the
LCD device according to a second embodiment of the present
invention.

FIG. 8 is a diagram illustrating the nth-stage output of the
LCD device according to a third embodiment of the present
invention.

FIG. 9 is a diagram illustrating the nth-stage output of the
LCD device according to a fourth embodiment of the present
invention.

FIG. 10 is an exemplary timing diagram illustrating the
operations of the LCD device according to the embodiments
of the present invention.

DETAILED DESCRIPTION

Reference is made to FIG. 4 for a top-view diagram of an
LCD device 200 according to the present invention. The LCD
device 200, fabricated using GOA technique, includes a dis-
play area 280 and a non-display area 290. A first driving
circuit 210, a second driving circuit 220, a source driver 230,
aclock generator 240 and a power supply 250 are disposed in
the non-display area 290. The first driving circuit 210 and the
second driving circuit 220 are located on the opposite sides
with respect to the display area 280 for driving the pixels (not
shown in FIG. 4) in the display area 280 in order to display
images.

Reference is made to FIG. 5 for a simplified block diagram
of the LCD device 200 according to the present invention.
FIG. 5 merely depicts a partial structure of the LCD device
200, including a plurality of gate lines GL{1)~GL(N) dis-
posed in the display area 280, as well as the first driving
circuit 210, the second driving circuit 220, the clock generator
240 and the power supply 250 disposed in the non-display
area 290. The clock generator 240 can provide a start pulse
signal VST and clock signals CLK1-CLKm (m is an integer
not greater than N) for operating the first driving circuit 210
and the second driving circuit 220. The power supply 250 can
provide bias voltages, such as VSS, VDDI1 or VDD2, for
operating the first driving circuit 210 and the second driving
circuit 220. The first driving circuit 210 includes a plurality of
serially-coupled shift register units SR(1)-SR(N), which
include pulse generators PG(1)-PG(N) and low level stabi-
lizer LLSL(1)-LLSL(N), respectively. The output ends of the
shift register units SR(1)-SR(N) are respectively coupled to
the first ends L(1)-L(N) of the corresponding gate lines
GL(1)-GL(N). The second driving circuit 220 includes a plu-
rality of low level stabilizer LLSR(1)-LLSR(N) respectively
coupled to the second ends R(1)-R(N) of the corresponding
gate lines GL(1)-GL(N).

Reference is made to FIG. 6 for a diagram illustrating the
nth-stage output of the LCD device 200 according to a first
embodiment of the present invention. FIG. 6 shows an nth-
stage shift register unit SR(n) among the plurality of shift
register units SR(1)-SR(N) in the first driving circuit 210, an
nth-stage low level stabilizer LLSR(n) in the second driving
circuit 220, and the gate line GL(n), wherein n is an integer
between 1 and N. The shift register unit SR(n) according to
the first embodiment of the present invention includes a pulse
generator PG (n) and a low level stabilizer LLSL(n). The
input end of the shift register unit SR(n) is coupled to the
output end of a prior-stage shift register unit SR(n-1). The
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output end ofthe shift register unit SR(n)is coupled to the first
end [(n) of the gate line GL(n).

The pulse generators PG(n), including transistors T1, T2,
T9 and T10, can generate the gate driving signal GS(n) based
on the clock signal CLKn and the gate driving signal GS(n-1)
transmitted from the prior-stage shift register unit SR(n-1).
The low level stabilizer LLSL(n) includes transistors T3 and
T11-T14. The transistors T11-T14 form a pull-down control
circuit 11 which can output control signals to the gate of the
transistor T3 based on the clock signal CLKn and the voltage
level of the node Q(n). The transistor T3 can thus control the
signal transmission path between the node Q(n) and the low-
level bias voltage VSS based on its gate voltage. The low level
stabilizer LLSR(n) includes transistors T4 and T21-T24. The
transistors T21-T24 form a pull-down control circuit 21
which can output control signals to the gate of the transistor
T4 based on the clock signal CLKn and the voltage level at the
second end R(n) of the gate line GL(n). The transistor T4 can
thus control the signal transmission path between the second
end R(n) of the gate line GL(n) and the low-level bias voltage
VSS based on its gate voltage.

As shown FIGS. 4 and 6, the first driving circuit 210 and the
second driving circuit 220 are disposed in the non-display
area 290 and on the opposite sides with respect to the display
area 280. During the output period of the shift register unit
SR(n), the gate line GL(n) of the LCD device 200 receives the
gate driving signal GS(n) generated by the pulse generators
PG (n) at the first end L(n); during other periods excluding the
output period of the shift register unit SR(n), the LCD device
200 adopts a bi-direction stabilizing structure in which the
voltage level of the gate line GL(n) is maintained from both
sides using the transistor T3 of the first driving circuit 210 and
the transistor T4 of the second driving circuit 220, respec-
tively. The LCD device 200 provides voltage stabilization at
the first end L(n) of the gate line GL(n) using the turned-on
transistor T3, thereby turning off the transistor T2 and pre-
venting the first end L(n) of the gate line GL(n) from being
influenced by the clock signal CLKn. The LCD device 200
provides voltage stabilization at the second end R(n) of the
gate line GL(n) using the turned-on transistor T4, thereby
pulling down the second end R(n) of the gate line GL(n) to the
low-level bias voltage VSS. In other words, the gate driving
signal GS(n) is maintained at the low level from the opposite
side with respect to the signal input side.

As previously explained, since the pulse generator PG(n)
receives the input signal using the transistor T1 and outputs
the gate driving signal GS(n) for driving the gate line GL(n)
using the transistor T2, the transistor T2 needs to provide
much higher driving capability than the transistor T1. Since
the low-level stabilizer LLSL(n) maintains the voltage level
of the node Q(n) using the transistor T3 and maintains the
voltage level of the entire output using the transistor T4, the
transistor T4 needs to provide much higher driving capability
than the transistor T3. The capacitor C, in FIG. 6 may be a
parasitic capacitor of the largest transistor T1. The pull-down
circuits 11 and 21 generally adopt transistors with small chan-
nel width/length ratio, which can provide sufficient driving
for generating the control signals of the transistors T3 and T4.
In the first embodiment of the present invention, the channel
width/length ratio W/L, of the transistor T1 can be around
300, the channel width/length ratio W/L, of the transistor T2
can be around 2000, the channel width/length ratio W/L; of
the transistor T3 can be around 40, and the channel width/
length ratio W/L, of the transistor T4 can be around 300.
However, the above-mentioned values merely illustrate the
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6

relationship between the channel width/length ratios W/L -
W/L, of the transistors T1-T4, and do not limit the scope of
the present invention.

As shown in FIG. 4, the non-display area around the dis-
play area includes dummy space regardless of the position of
the driving circuits. In the first embodiment of the present
invention, the first driving circuit 210 for pulling down the
node Q(n) is disposed in the dummy space of the non-display
area 290 and adjacent to a first side of the display area 280,
while the second driving circuit 220 for stabilizing the gate
outputisdisposed in the dummy space of the non-display area
290 and adjacent to a second side of the display area 280,
wherein the first and second sides are two opposite sides with
respect to the display area 280. Since the pulse generator
PG(n) of the first driving circuit 210 adopts the output tran-
sistor T2 with high driving capability for generating the gate
driving signal GS(n), the first driving circuit 210 is larger than
the second driving circuit 220. However, among the transis-
tors T3 and T4 for voltage stabilization, the transistor T4
having larger channel width/length ratio is disposed in the
dummy space of the non-display area 290 and adjacent to the
second side of the display area 280 in the first embodiment of
the present invention. Therefore, the circuit layout area of the
first driving circuit 210 can be largely reduced and rim reduc-
tion can be effectively performed on the LCD device 200.

Reference is made to FIG. 7 for a diagram illustrating the
nth-stage output of the LCD device 200 according to a second
embodiment of the present invention. FIG. 7 shows an nth-
stage shift register unit SR(n) among the plurality of shift
register units SR(1)-SR(N) in the first driving circuit 210, an
nth-stage low level stabilizer LLSR(n) in the second driving
circuit 220, and the gate line GL(n), wherein n is an integer
between 1 and N. The first and second embodiments of the
present invention have similar arrangements, but differ in the
structure of the low level stabilizer LLSL(n) in the first driv-
ing circuit 210. The low level stabilizer LLSL(n) according to
the second embodiment of the present invention further
includes a transistor T5 for controlling the signal transmis-
sion path between the first end [(n) of the gate line GL(n) and
the low-level bias voltage VSS based on the control signals
transmitted from the pull-down control circuit 11. During
other periods excluding the output period of the shift register
unit SR(n), the LCD device 200 according to the second
embodiment of the present invention adopts a bi-directional
stabilizing structure in which the voltage level of the gate line
GL(n) is maintained from both sides of the gate line GL(n)
using the transistors T3 and T5 of the first driving circuit 210
and the transistor T4 of the second driving circuit 220, respec-
tively. The LCD device 200 according to the second embodi-
ment of the present invention provides voltage stabilization at
the first end L(n) of the gate line GL(n) using the turned-on
transistor T3, thereby turning off the transistor T2 and pre-
venting the first end L(n) of the gate line GL(n) from being
influenced by the clock signal CLKn during non-output peri-
ods. The LCD device 200 according to the second embodi-
ment of the present invention provides voltage stabilization at
the second end R(n) ofthe gate line GL(n) using the turned-on
transistor T4, thereby pulling down the second end R(n) of the
gate line GL(n) to the low-level bias voltage VSS. In other
words, the gate driving signal GS(n) is maintained at the low
level from the opposite side with respect to the signal input
side.

As shown in FIG. 4, the non-display area around the dis-
play area includes dummy space regardless of the position of
the driving circuits. In the second embodiment of the present
invention, the first driving circuit 210 for pulling down the
node Q(n) and for stabilizing partial gate output is disposed in
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the dummy space of the non-display area 290 and adjacent to
a first side of the display area 280, while the second driving
circuit 220 for stabilizing partial gate output is disposed in the
dummy space of the non-display area 290 and adjacent to a
second side of the display area 280, wherein the first and
second sides are two opposite sides with respect to the display
area 280. Since the transistor T4 of the second driving circuit
220 can stabilize gate output from the opposite side with
respect to the signal input side, the transistor T3 of the first
driving circuit 210 can adopt the transistor T5 having a
smaller channel width/length ratio. Therefore, the circuit lay-
out area of the first driving circuit 210 can be largely reduced
and rim reduction can be effectively performed on the LCD
device 200. In the second embodiment of the present inven-
tion, the channel width/length ratio W/L, of the transistor T1
canbe around 300, the channel width/length ratio W/L , of the
transistor T2 can be around 2000, the channel width/length
ratio W/L; of the transistor T3 can be around 40, the channel
width/length ratio W/L, of the transistor T4 can be around x,
and the channel width/length ratio W/L of the transistor T5
can be around (300-x). The value of x determines the per-
centage of gate stabilization performed by the transistors T4
and T5. In the preferred embodiment of the present invention,
x is greater than (300-x) so as to effectively minimize the
circuit layout area of the first driving circuit 210. However,
the above-mentioned values merely illustrate the relationship
between the channel width/length ratios W/L,-W/L; of the
transistors T1-T5, and do not limit the scope of the present
invention.

Reference is made to FIG. 8 for a diagram illustrating the
nth-stage output of the LCD device 200 according to a third
embodiment of the present invention. FIG. 8 shows an nth-
stage shift register unit SR(n) among the plurality of shift
register units SR(1)-SR(N) in the first driving circuit 210, an
nth-stage low level stabilizer LLSR(n) in the second driving
circuit 220, and the gate line GL(n), wherein n is an integer
between 1 and N. The first and third embodiments of the
present invention have similar arrangement, but differ in the
structures of the low level stabilizer LLSL(n) in the first
driving circuit 210 and the low level stabilizer LLSR(n) in the
second driving circuit 220. The low level stabilizer LLSL(n)
according to the third embodiment of the present invention
includes transistors T31, T32 and T11-T14. The transistors
T11 and T12 form a pull-down control circuit 11 which can
output control signals to the gate of the transistor T31 based
on the voltage VDDI1 and the voltage level of the node Q(n).
The transistor T31 can thus control the signal transmission
path between the node Q(n) and the low-level bias voltage
VSS based on its gate voltage. The low level stabilizer LLSR
(n) according to the third embodiment of the present inven-
tion includes transistors T41, T42 and T21-T24. The transis-
tors T21 and T22 form a pull-down control circuit 21 which
can output control signals to the gate of the transistor T41
based on the voltage VDD1 and the voltage level of the
second end R(n) of the gate line GL(n). The transistor T41 can
thus control the signal transmission path between the second
end R(n) of the gate line GL(n) and the low-level bias voltage
VSS based on its gate voltage. The transistors T23 and T24
form a pull-down control circuit 22 which can output control
signals to the gate of the transistor T42 based on the voltage
VDD2 and the voltage level of the second end R(n) of the gate
line GL(n). The transistor T42 can thus control the signal
transmission path between the second end R(n) of the gate
line GL(n) and the low-level bias voltage VSS based on its
gate voltage.

During other periods excluding the output period of the
shift register unit SR(n), the voltage level of the gate line
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GL(n) in the third embodiment is maintained from both sides
of the gate line GL(n) using the transistors T31 and T32 of the
first driving circuit 210 and the transistors T41 and T42 of the
second driving circuit 220. The LCD device 200 according to
the third embodiment of the present invention provides volt-
age stabilization at the first end L(n) of the gate line GL(n)
using the turned-on transistor T31 or T32, thereby turning off
the transistor T2 and preventing the first end L(n) of the gate
line GL(n) from being influenced by the clock signal CLKn
during non-output periods. The LCD device 200 according to
the third embodiment of the present invention provides volt-
age stabilization at the second end R(n) of the gate line GL(n)
using the turned-on transistor T41 or T42, thereby pulling
down the second end R(n) of the gate line GL(n) to the
low-level bias voltage VSS. In other words, the gate driving
signal GS(n) is maintained at the low level from the opposite
side with respect to the signal input side.

In the third embodiment of the present invention, since the
pulse generator PG(n) receives the input signal using the
transistor T1 and outputs the gate driving signal GS(n) for
driving the gate line GL(n) using the transistor T2, the tran-
sistor T2 needs to provide much higher driving capability
than the transistor T1. Since the low-level stabilizer LLSL(n)
maintains the voltage level of the node Q(n) using the tran-
sistor T31 or T41 and the low-level stabilizer LLSR(n) main-
tains the voltage level of the entire output using the transistor
T41 or T42, the transistors T41 and T42 need to provide much
higher driving capability than the transistors T31 and T32.
The pull-down circuits 11, 12, 21 and 22 generally adopt
transistors with small channel width/length ratio, which can
provide sufficient driving for generating the control signals of
the transistors T31, T32, T41 and T42. In the third embodi-
ment of the present invention, the channel width/length ratio
W/L, of the transistor T1 can be around 300, the channel
width/length ratio W/L, of the transistor T2 can be around
2000, the channel width/length ratio W/L; of the transistors
T31 and T32 can be around 40, and the channel width/length
ratio W/L, of the transistors T41 and T42 can be around 300.
However, the above-mentioned values merely illustrate the
relationship between the channel width/length ratios W/L,-
W/L, ofthe transistors T1, T2, T31,T32,T41 and T42, and do
not limit the scope of the present invention.

As shown in FIG. 4, the non-display area around the dis-
play area includes dummy space regardless of the position of
the driving circuits. In the third embodiment of the present
invention, the first driving circuit 210 for pulling down the
node Q(n) is disposed in the dummy space of the non-display
area 290 and adjacent to a first side of the display area 280,
while the second driving circuit 220 for stabilizing the gate
outputisdisposed in the dummy space of the non-display area
290 and adjacent to a second side of the display area 280,
wherein the first and second sides are two opposite sides with
respect to the display area 280. Since the pulse generator
PG(n) of the first driving circuit 210 adopts the output tran-
sistor T2 for generating the output driving signal GS(n), the
first driving circuit 210 is larger than the second driving
circuit 220. However, among the transistors T31, T32, T41
and T42 for voltage stabilization, the transistors T41 and T42
having larger channel width/length ratios are disposed in the
dummy space of the non-display area 290 and adjacent to the
second side of the display area 280 in the third embodiment of
the present invention. Therefore, the circuit layout area of the
first driving circuit 210 can be largely reduced and rim reduc-
tion can be effectively performed on the LCD device 200.

Reference is made to FIG. 9 for a diagram illustrating the
nth-stage output of the LCD device 200 according to a fourth
embodiment of the present invention. FIG. 9 shows an nth-



US 8,223,111 B2

9

stage shift register unit SR(n) among the plurality of shift
register units SR(1)-SR(N) in the first driving circuit 210, an
nth-stage low level stabilizer LLSR(n) in the second driving
circuit 220, and the gate line GL(n), wherein n is an integer
between 1 and N. The third and fourth embodiments of the
present invention have similar arrangements, but differ in the
structure of the low level stabilizer LLSL(n) in the first driv-
ing circuit 210. The low level stabilizer LLSL(n) according to
the fourth embodiment of the present invention further
includes transistors T51 and T52 for controlling the signal
transmission path between the first end I(n) of the gate line
GL(n) and the low-level bias voltage VSS based on the con-
trol signals respectively transmitted from the pull-down con-
trol circuits 11 and 12. During other periods excluding the
output period of the shift register unit SR(n), the LCD device
200 according to the fourth embodiment of the invention
adopts a bi-direction voltage stabilization mechanism in
which the voltage level of the gate line GL(n) is maintained
from both sides using the transistor T31, T32, T51 or T52 of
the first driving circuit 210 and the transistor T41 or T42 of the
second driving circuit 220. The LCD device 200 according to
the fourth embodiment of the present invention provides volt-
age stabilization at the first end L(n) of the gate line GL(n)
using the turned-on transistor T31 or T32, thereby turning off
the transistor T2 and preventing the first end L(n) of the gate
line GL(n) from being influenced by the clock signal CLKn
during non-output periods. Meanwhile, the first end L(n) of
the gate line GL(n) is pulled down to the low voltage level
VSS using the turned-on transistor T51 or T52. In other
words, the gate driving signal GS(n) is maintained at the low
level from the signal input side. The LCD device 200 accord-
ing to the fourth embodiment of the present invention pro-
vides voltage stabilization at the second end R(n) of the gate
line GL(n) via the turned-on transistor T41 or T42, thereby
pulling down the second end R(n) of the gate line GL(n) to the
low-level bias voltage VSS. In other words, the gate driving
signal GS(n) is maintained at the low level from the opposite
side with respect to the signal input side.

As shown in FIG. 4, the non-display area around the dis-
play area includes dummy space regardless of the position of
the driving circuits. In the fourth embodiment of the present
invention, the first driving circuit 210 for pulling down the
node Q(n) and for stabilizing partial gate output is disposed in
the dummy space of the non-display area 290 and adjacent to
a first side of the display area 280, while the second driving
circuit 220 for stabilizing partial gate output is disposed in the
dummy space of the non-display area 290 and adjacent to a
second side of the display area 280, wherein the first and
second sides are two opposite sides with respect to the display
area 280. Since the transistors T41 and T42 of the second
driving circuit 220 can stabilize gate output from the opposite
side with respect to the signal input side, the first driving
circuit 210 can adopt the transistors T51 and T52 having
smaller channel width/length ratio. Therefore, the circuit lay-
out area of the first driving circuit 210 can be largely reduced
and rim reduction can be effectively performed on the LCD
device 200. In the fourth embodiment of the present inven-
tion, the channel width/length ratio W/L, of the transistor T1
can be around 300, the channel width/length ratio W/L, ofthe
transistor T2 can be around 2000, the channel width/length
ratio W/L, of the transistors T31 and T32 can be around 40,
the channel width/length ratio W/L, of the transistors T41 and
T42 can bearound x, and the channel width/length ratio W/L
of the transistors T51 and T52 can be around (300-x). The
value of x determines the percentage of gate stabilization
performed by the transistors T41, T42, T51 and T52. In the
preferred embodiment of the present invention, x is greater
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than (300-x) so as to effectively minimize the circuit layout
area of the first driving circuit 210. However, the above-
mentioned values merely illustrate the relationship between
the channel width/length ratios W/L,-W/L; of the transistors
T1,T2,T31,T32,T41, T42,T51 and T52, and do not limit the
scope of the present invention.

The transistors mentioned in the embodiments of the
present invention can be thin film transistor (TFT) switches or
other devices providing similar function.

Reference is made to FIG. 10 for an exemplary timing
diagram illustrating the operations of the LCD device 200
according to the embodiments of the present invention. FIG.
10 depicts the waveforms of the clock signals CLKn and
CLKn-1, the start pulse signal VST, the gate driving signals
GS(1)-GS(n), and the node Q(n).

The present invention provides an LCD device having bi-
directional voltage stabilization mechanism. The driving cir-
cuits are disposed in the dummy space of the non-display area
and on two opposite sides with respect to the display area.
Therefore, the circuit layout area on the signal input side can
largely be reduced and rim reduction can be effectively per-
formed.

Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.

What is claimed is:

1. An LCD device providing bi-directional stabilization

comprising:

a display area in which a plurality of parallel gate lines are
disposed;

a non-display area having a first area and a second area,
wherein the first and second areas are located on oppo-
site sides with respect to the display area;

a shift register having a plurality of shift register units
coupled in series, wherein a shift register among the
plurality of shifi register drives a corresponding gate line
among the plurality of gate lines and comprises:

a first circuit disposed in the first area and comprising:
apulse generator for generating a driving signal based

on an input signal, the pulse generator comprising:

an input end for receiving the input signal;

an output end coupled to a first end of the corre-
sponding gate line for outputting the driving sig-
nal; and

a node;

a first transistor having a first channel width/length
ratio for maintaining a voltage level of the node
based on a first control signal, the first transistor
comprising:

a first end coupled to the node;
a second end for receiving a first voltage; and
a control end for receiving the first control signal,
and
a second circuit disposed in the second area and com-
prising:

a second transistor having a second channel width/
length ratio for maintaining a voltage level at a
second end of the corresponding gate line based on
a second control signal, the second transistor com-
prising:

a first end coupled to the second end of the corre-
sponding gate line;

a second end for receiving a second voltage; and

a control end for receiving the second control sig-
nal;
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wherein the first channel width/length ratio is smaller than
the second channel width/length ratio and the layout
area of the first circuit is larger than the layout area of the
second circuit.

2. The LCD device of claim 1, wherein:

the first circuit further comprises a first control circuit
coupled to the control end of the first transistor for gen-
erating the first control signal; and

the second circuit further comprises a second control cir-
cuit coupled to the control end of the second transistor
for generating the second control signal.

3. The LCD device of claim 2, wherein the first control
circuitincludes a third transistor having a third channel width/
length ratio, the second control circuit includes a fourth tran-
sistor having a fourth channel width/length ratio, and the third
and fourth channel width/length ratios are both smaller than
the second channel width/length ratio.

4. The LCD device of claim 1, wherein the first circuit
further comprises:

a fifth transistor having a fifth channel width/length ratio

comprising:

a first end coupled to the first end of the corresponding
gate line;

a second end for receiving a third voltage; and

a control end for receiving a third control signal;

wherein the fifth channel width/length ratio is smaller
than the second channel width/length ratio.

5. The LCD device of claim 4, wherein the shift register
unit further comprises:

a first control circuit coupled to the control ends of the first
and fifth transistors for generating the first and third
control signals; and

a second control circuit coupled to the control end of the
second transistor for generating the second control sig-
nal.

6. The LCD device of claim 4 wherein the first and third

voltages have the same voltage level.

7. The LCD device of claim 1, wherein the pulse generator
further comprises:

a sixth transistor comprising:

afirstend coupledto the input end of the pulse generator;
a second end coupled to the node; and
a control end,;
a seventh transistor comprising:
a first end for receiving a clock signal;
a second end coupled to the output end of the pulse
generator; and
a control end coupled to the node;

an eighth transistor comprising:

a first end coupled to the output end of the pulse genera-
tor;

a second end for receiving the first voltage; and

a control end for receiving a driving signal generated by
a next-stage shift register unit; and

acapacitor coupled between the node and the output end of
the pulse generator.

8. The LCD device of claim 7 wherein the control end of the
sixth transistor is coupled to the first end of the sixth transis-
tor.

9. The LCD device of claim 1 wherein the first and second
voltages have the same voltage level.

10. The LCD device of claim 1 wherein the input end of the
pulse generator is coupled to a prior-stage shift register unit
for receiving the input signal.

11. A shift register which provides bi-directional stabiliza-
tion and includes a plurality of shift register units coupled in
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series for driving a plurality of loads, wherein a shift register
among the plurality of shift register comprises:

a first circuit disposed in the first area and comprising:

a pulse generator for generating a driving signal based
on an input signal, the pulse generator comprising:
an input end for receiving the input signal;
an output end coupled to a firstend of a corresponding

load among the plurality of loads for outputting the
driving signal; and
anode;

a first transistor having a first channel width/length ratio
for maintaining a voltage level of the node based on a
first control signal, the first transistor comprising:

a first end coupled to the node;
a second end for receiving a first voltage; and
a control end for receiving the first control signal; and

a second circuit disposed in the second area and compris-
ing:

a second transistor having a second channel width/
length ratio for maintaining a voltage level at a second
end of the corresponding load based on a second
control signal, the second transistor comprising:

a first end coupled to the second end of the corre-
sponding load;

a second end for receiving a second voltage; and

a control end for receiving the second control signal;

wherein the first channel width/length ratio is smaller
than the second channel width/length ratio and the
layout area of the first circuit is larger than the
layout area of the second circuit.

12. The shift register of claim 11, wherein:

the first circuit further comprises a first control circuit
coupled to the control end of the first transistor for gen-
erating the first control signal; and

the second circuit further comprises a second control cir-
cuit coupled to the control end of the second transistor
for generating the second control signal.

13. The shift register of claim 12, wherein the first control
circuitincludes a third transistor having a third channel width/
length ratio, the second control circuit includes a fourth tran-
sistor having a fourth channel width/length ratio, and the third
and fourth channel width/length ratios are both smaller than
the second channel width/length ratio.

14. The shift register of claim 11, wherein the first circuit
further comprises:

a fifth transistor having a fifth channel width/length ratio
for maintaining the voltage level of the first side of the
load based on a third control signal, the fifth transistor
comprising:

a first end coupled to the first end of the corresponding
gate line;

a second end for receiving a third voltage; and

a control end for receiving the third control signal;

wherein the fifth channel width/length ratio is smaller
than the second channel width/length ratio.

15. The shift register of claim 14, wherein the shift register
unit further comprises:

a first control circuit coupled to the control ends of the first
and fifth transistors for generating the first and third
control signals; and

a second control circuit coupled to the control end of the
second transistor for generating the second control sig-
nal.

16. The shift register of claim 14 wherein the first and third

voltages have the same voltage level.

17. The shift register of claim 11, wherein the pulse gen-
erator further comprises:
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a sixth transistor comprising: a control end for receiving a driving signal generated by
a first end for receiving the input signal, a next-stage shift register unit; and
a second end coupled to the node; and acapacitor coupled between the node and the output end of
a control end; the pulse generator.

a seventh transistor comprising; s 18.The shift register of claim 17 wherein the control end of
a first end for receiving a clock signal; the s.ixth transistor is coupled to the first end of the sixth
a second end coupled to the output end of the pulse ~ tramsistor. . ) )

generator; and 19. The shift register of claim 11 wherein the first and

a control end coupled to the node; second voltages have the same voltage level.

10 20. The shift register of claim 11 wherein the input end of
the pulse generator is coupled to a prior-stage shift register
unit for receiving the input signal.

an eighth transistor comprising:

a first end coupled to the output end of the pulse genera-
tor;

a second end for receiving the first voltage; and % * % %
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