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LIQUID CRYSTAL DISPLAY AND SHIFT
REGISTER DEVICE THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of Tai-
wan application serial no. 98123733, filed on Jul. 14, 2009.
The entirety of the above-mentioned patent application is
hereby incorporated by reference herein and made a part of
specification.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The invention relates to a flat panel display, and
more particularly, to a liquid crystal display (LCD)and a shift
register device thereof.

[0004] 2. Description of Related Art

[0005] In recent years, with great advance in the semicon-
ductor technique, portable electronic devices and flat panel
displays (FDPs)have been rapidly developed. Among various
types of FDP, liquid crystal displays (LCDs) have gradually
become the mainstream display products due to the advan-
tages such as a low operating voltage, free of harmful radia-
tion, light weight and small and compact size. As a conse-
quence, a fabricating method is developed towards miniature
and low cost by manufacturers in this field. In order to lower
down the fabricating cost of LCDs, instead of disposing shift
registers ofa scan driver IC on a scan side of an LCD, parts of
manufacturers can directly dispose the shift registers of the
scan driver IC on a glass substrate of the LCD under an
amorphous silicon (a-Si) process. Hence, the scan driver IC
originally disposed on the scan side of the LCD can be omit-
ted such that the fabricating cost of the LCD is reduced.
[0006] In general, each of the shift registers directly dis-
posed on the glass substrate of the LCD includes a plurality of
N-type transistors. Parts of the N-type transistors are respon-
sible to output scan signal during operation period of the shift
register so as to turn on the corresponding pixel row in the
LCD panel. And other N-type transistors are responsible to
stop outputting the scan signal during non-operation period of
shift registers.

[0007] However, in practice, the channel lengths of the
N-type transistors responsible to output the scan signal and
the channel lengths of the N-type transistors responsible to
stop outputting the scan signal are the same. Hence, under this
condition, the N-type transistors responsible to output the
scan signal may not output the scan signal normally due to the
leakage currents of the N-type transistors responsible to stop
outputting the scan signal when the N-type transistors being
responsible to stop outputting the scan signal are in the sub-
threshold region. As a result, the shift register malfunctions
and the LCD is not able to display a display image normally.

SUMMARY OF THE INVENTION

[0008] Accordingly, the invention provides a shift register
device which includes a plurality of shift registers connected
in series. An i” shift register of the plurality of shift registers
includes a pre-charge unit, a pull-up unit and a pull-down
unit, where 1 is positive integer. The pre-charge unit is con-
figured to receive a first scan signal output by an (i-1)* shift
register of the plurality of shift registers and output a charge
signal according to the first scan signal. The pull-up unit is
coupled to the pre-charge unit and configured to receive the
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charge signal and a first clock signal and output a second scan
signal according to the charge signal and the first clock signal.
The pull-down unit is coupled to the pre-charge unit and the
pull-up unit. Besides, the pull-down unit is configured to
receive a second clock signal and a third scan signal output by
an (i+1)” shift register of the plurality of shift registers and
determine whether pulling down the second scan signal to a
reference voltage or not according to the second clock signal
and the third scan signal.

[0009] In an exemplary embodiment of the invention, the
pre-charge unit, the pull-up unit and the pull-down unit
respectively have at least a transistor. In addition, the transis-
tor in the pull-down unit has a first channel length; and the
transistors in the pre-charge unit and the pull-up unit respec-
tively have a second channel length. Besides, the first channel
length is greater than the second channel length.

[0010] In an exemplary embodiment of the invention, the
first channel length is substantially 1.01 to 4 times the second
channel length.

[0011] The invention further provides a liquid crystal dis-
play (LCD) which includes an LCD panel and a backlight
module. The backlight module is configured to provide a
backlight source to the LCD panel. Furthermore, the LCD
panel includes a substrate and the shift register device pro-
vided by the aforementioned invention. And the shift register
device is directly disposed on the substrate of the LCD panel.
[0012] It should be noted that the above described general
descriptions and following embodiments are only taken as
examples and used for illustrating, not for limiting the scope
of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The accompanying drawings are included to pro-
vide a further understanding of the invention, and are incor-
porated 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.

[0014] FIG. 1isa block diagram illustrating a system of an
LCD 100 according to an exemplary embodiment of the
invention.

[0015] FIG. 2 is a block diagram of a shift register device
SRD according to an exemplary embodiment of the inven-
tion.

[0016] FIG.3A is ablock diagram of an i” shift register SR,
according to an exemplary embodiment of the invention.
[0017] FIG. 3B is a circuit diagram of an i”* shift register
SR, according to an exemplary embodiment of the invention.
[0018] FIG. 4A is a schematic cross-sectional view of
N-type transistors T3 and T4.

[0019] FIG. 4B is a schematic cross-sectional view of
N-type transistors T1 and T2.

[0020] FIG. 5is an experimental waveform of a node Q of
an i* shift register SR, according to an exemplary embodi-
ment of the invention.

DESCRIPTION OF EMBODIMENTS

[0021] Descriptions of the invention are given with refer-
ence to the exemplary embodiments illustrated with accom-
panied drawings, wherein same or similar parts are denoted
with same reference numerals.

[0022] FIG. 1is a block diagram illustrating a system of a
liquid crystal display (LLCD) 100 according to an exemplary
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embodiment of the invention. Referring to FIG. 1, the LCD
100includes a display panel 101, a source driver 103, a timing
controller 105 and a backlight module 107 configured to
provide a backlight source required by the display panel 101.
A display region AA of the display pane 101 has a plurality of
pixels arranged in array, which is represented in M*N in FIG.
1 and both M, N are positive integers. Besides, a shift register
device SRD is directly disposed on a side of a substrate (not
shown, and for example, a glass substrate) of the display
panel 101. The shift register device SRD is controlled by the
timing controller 105, and configured to output scan signals
SS,~SS,, sequentially, such that the pixel rows in the display
area AA are turned on one by one, i.e. from the first pixel row
to the last pixel row in the display region AA.

[0023] Indetail, FIG. 2 is a block diagram of a shift register
device SRD according to an exemplary embodiment of the
invention. Referring to FIG. 1 and FIG. 2, the shift register
device SRD includes N shift registers SR,~SR,, having sub-
stantially the same circuit configurations. And the shift reg-
isters SR,~SR,, are connected in series. In the exemplary
embodiment, since the circuit configurations and the opera-
tion of the shift registers SR,~SR,,are substantially the same,
only the i shift register SR, is described as following.
[0024] FIG. 3A is a block diagram of the i shift register
SR, according to an exemplary embodiment of the invention.
FIG. 3B is a circuit diagram of the i? shift register SR, accord-
ing to an exemplary embodiment of the invention. Referring
FIG. 1 to FIG. 3B, the i” shift register includes a pre-charge
unit 301, a pull-up unit 303 and a pull-down unit 305. The
pre-charge unit 301 is configured to receive a scan signal
SS,_, output by the (i-1)” shift register SR,_, and output a
charge signal CV according to the scan signal SS,_;. In the
exemplary embodiment, except the pre-charge unit 301 of the
1% shift register SR, receives an initial signal STV provided
by the timing controller 105, the pre-charge unit 301 of rest of
shift registers receives the scan signal output by the previous
shift register.

[0025] For example, the pre-charge unit 301 of the 27 shift
register SR, receives the scan signal SS, output by the 1% shift
register SR, and the pre-charge unit 301 of the 3" shift
register SR, receives the scan signal SS, output by the 27/
shift register SR, and so on, the pre-charge unit 301 of the N
shift register SR receives the scan signal SS,,_ | output by the
(N=-1)" shift register SR ;.

[0026] Referringto FIG. 3A, the pull-up unit 303 is coupled
to the pre-charge unit 301. And the pull-up unit 303 is con-
figured to receive the charge signal CV output by the pre-
charge unit 301 and a clock signal CK provided by the timing
controller 105, and output the scan signal SS, according to the
charge signal CV and the clock signal CK. The pull-down unit
305 is coupled to the pre-charge unit 301 and the pull-up unit
303. And the pull-down unit 305 is configured to receive a
clock signal XCK provided by the timing controller 105 and
the scan signal SS,, , output by the (i+1)” shift register SR, ;.
Then, the pull-down unit 305 determines whether pulling
down the scan signal SS,, | to a reference voltage Vss accord-
ing to the clock signal XCK and the scan signal SS,,,. In
addition, the reference voltage Vss is a ground voltage, but not
limited thereto. Furthermore, the phase difference between
the clock signals CK XCK provided by the timing controller
105 is 180-degree.

[0027] Referring to FIG. 3B, in the exemplary embodi-
ment, the pre-charge unit 301 has an N-type transistor T1. A
gate and a source of the N-type transistor T1 are connected
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with each other so as to receive the scan signal SS,_, output by
the (i-1)” shift register SR, ;, and a drain of the N-type
transistor T1 is configured to output the charge signal CV.
[0028] Besides, the pull-up unit 303 has an N-type transis-
tor T2 and a capacitor C. A gate of the N-type transistor T2 is
connected with the drain of the N-type transistor T1, a source
of the N-type transistor T2 is configured to receive the clock
signal CK provided by the timing controller 105, and a drain
of the N-type transistor T2 is configured to output the scan
signal SR,. The capacitor C is coupled between the gate and
the drain of the N-type transistor T2.

[0029] Besides, the pull-down unit 305 has N-type transis-
tors T3 and T4. A gate of the N-type transistor T3 is config-
ured to receive the clock signal XCK provided by the timing
controller 105. As shown in FIG. 3B, a source of the N-type
transistor T3 is coupled to the drain of the N-type transistor
T2, and a drain of the N-type transistor T3 is coupled to the
reference voltage Vss. A gate of the N-type transistor T4 is
configured to receive the scan signal SS,,, output by the
(+1)™ shift register SR, ,. A source of the N-type transistor
T4 is coupled to the gate of the N-type transistor T2, and a
drain of the N-type transistor T4 is coupled to the reference
voltage Vss. In the exemplary embodiment, the N-type tran-
sistors T1 and T2 have the same channel length, and the
N-type transistors T3 and T4 have the same channel lengths.
But the channel length of the N-type transistors T3 and T4 is
greater than the channel length of the N-type transistors T1
and T2.

[0030] In detail, FIG. 4A is a schematic cross-sectional
view of the N-type transistors T3 and T4, and FIG. 4B is a
schematic cross-sectional view of the N-type transistors T1
and T2. Referring to FIG. 4A and FIG. 4B, it can be clearly
seen that a reference number D represents the drain of the
N-type transistors T1~T4, a reference number S represents
the source of the N-type transistors T1~T4, and a reference
number G represents the gate of the N-type transistors
T1~T4. In addition, a reference number L1 represents the
channel length of the N-type transistors T3 and T4, and a
reference number 1.2 represents the channel length of the
N-type transistors T1 and T2.

[0031] Herein, the so-called “channel length” means a dis-
tance between the drain and the gate of the N-type transistor.
Preferably, the channel length 1.1 of the N-type transistors T3
and T4 is substantially 1.01 to 4 times the channel length .2
of the N-type transistor T1 and the N-type transistor T2, but
not limited thereto. That is to say, a multiple of the channel
length 1.1 of the N-type transistors T3 and T4 relative to the
channel length 1.2 of the N-type transistors T1 and T2 varies
depending on the design requirements. More details are to be
followed hereunder.

[0032] Based on the above, when the pre-charge unit 301 of
the i* shift register SR, receives the scan signal SS,_, output
by the (i-1)™ shift register SR,_,, the N-type transistor T1 is
turned on so as to pre-charge anode Q. Hence, when the clock
signal CK provided by the timing controller 105 is enable, the
voltage of the node Q is pulled up due to a coupling effect of
the clock signal CK, such that the N-type transistor T2 of
pull-up unit 303 is turned on. Then, the scan signal SS, is
output to turn on the corresponding i” pixel row in the display
region AA.

[0033] Next, after the pre-charge unit 301 and the pull-up
unit 303 responsible to output the scan signal SS,, the N-type
transistor T3 of the pull-down unit 305 is turned on because
the clock signal XCK provided by the timing controller 105 is
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enable. Hence, the scan signal SS, is pulled down to the
reference voltage Vss such that the corresponding i pixel
row in the display region AA is turned off.

[0034] Besides, when the N-type transistor T3 of the pull-
down unit 305 pulls down the scan signal SS, to the reference
voltage Vss, the SR, , output by the (i+1)” shift register is fed
back to the N-type transistor T4 in the pull-down unit 305 of
the i”" shift register SR,. As a result, the N-type transistor T4
in the pull-down unit 305 of the i shift register SR, is turned
on so as to discharge the node Q. And the coupling effect on
the node Q between the pre-charge unit 301 and the pull-up
unit 303 due to the clock signal CK is prevented after the scan
signal SS, is output. Therefore, after the pre-charge unit 301
and the pull-up unit 303 responsible to output the scan signal
SS,, the pull-down unit 305 stops outputting the scan signal
SS.,.

[0035] Accordingly, when the timing controller 105 pro-
vides the initial signal STV for the pre-charge unit 301 of the
1* shift register SR, and respectively provides the clock
signals CK and XCK for the pull-up unit 303 and the pull-
downunit 305 of each of the shift registers SR, ~SR ,, the shift
registers SR;~SR,; in the shift register device SRD sequen-
tially output the scan signal SR;~SR,,. such that the pixel
rows in the display area AA areturned onone by one, i.e. from
the first pixel row to the last pixel row in the display region
AA. Besides, the source driver 103 provides corresponding
display data for the pixel row which is turned on by the shift
register device SRD. Accordingly, together with the backlight
source provided by the backlight module 107, the display
panel 101 is able to display a display image.

[0036] According to the related art, the channel length of
N-type transistors responsible to output the scan signal and
the channel length of N-type transistors responsible to stop
outputting the scan signal are the same. Hence, under this
condition, the N-type transistor responsible to output the scan
signal may not output the scan signal normally due to the
leakage currents of the N-type transistors responsible to stop
outputting the scan signal when the N-type transistors respon-
sible to stop outputting the scan signal are in the sub-threshold
region. As a result, the shift registers malfunction and the
LCD is not able to display a display image normally.

[0037] As such, when the channel length of the N-type
transistors T1~T4 in the shift registers SR ~SR,, is the same
(i.e. L1=L2), the N-type transistors T1 and T2 responsible to
output the scan signals SS,~SS,; may not output the scan
signals SS,~SS,, normally due to the leakage currents of the
N-type transistors T3 and T4 responsible to stop outputting
the scan signals SS,~SS . when the N-type transistors T3 and
T4 responsible to stop outputting the scan signals S;~SS,, are
in the sub-threshold region. As a result, the shift registers
SR,~SR,,malfunction and the LCD 100 is not able to display
a display image normally.

[0038] Accordingly, the channel length L1 of the N-type
transistors T3 and T4 in the pull-down unit 305 designed in
the exemplary embodiment is greater than the channel length
L2 of the N-type transistors T1 and T2 in the pull-up unit 303,
i.e. L1>L2. And the channel length L1 of the N-type transis-
tors T3 and T4 in the pull-down unit 305 is substantially 1.01
to 4 times the channel length L.2 of the N-type transistors T1
and T2 in the pull-up unit 303. Specifically, FIG. 5 is an
experimental waveform of the node Q of the i*” shift register
SR, according to an exemplary embodiment of the invention.
Referring to FIG. 3 and FIG. 5, it can be clearly seen that the
node Q is pre-charged during a period Tpre. As shown in FIG.
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5, three curves A, B and C are respectively depicted within the
period Tout. The curve A shows the degree of influence that
the leakage currents of the N-type transistors T3 and T4 affect
the N-type transistors T1 and T2 as the N-type transistors T3
and T4 are in the sub-threshold region when the channel
length L1 of the N-type transistors T3 and T4 in the pull-down
unit 305 is equal to the channel length [.2 of the N-type
transistors T1 and T2 in the pull-up unit 303 (i.e. L1=L2). The
curve B shows the degree of influence that the leakage cur-
rents of the N-type transistors T3 and T4 affect the N-type
transistors T1 and T2 as the N-type transistors T3 and T4 are
in the sub-threshold region when the channel length L1 of the
N-type transistors T3 and T4 in the pull-down unit 305 is
slightly greater than the channel length 1.2 of the N-type
transistors T1 and T2 in the pull-up unit 303 (i.e. L1>12),
suchas L1=1.1L2. The curve C shows the degree of influence
that the leakage currents of the N-type transistors T3 and T4
affect the N-type transistors T1 and T2 as the N-type transis-
tors T3 and T4 are in the sub-threshold region when the
channel length .1 of the N-type transistors T3 and T4 in the
pull-down unit 305 is far greater than the channel length 1.2 of
the N-type transistors T1 and T2 in the pull-up unit 303 (i.e.
L1>>L2), such as L1=4 L2. Based on the above, when the
channel length .1 of the N-type transistors T3 and T4 in the
pull-down unit 305 is equal to the channel length 1.2 of the
N-type transistors T1 and T2 in the pull-up unit 303, the
degree of influence that the leakage currents of the N-type
transistors T3 and T4 affect the N-type transistors T1 and T2
as the N-type transistors T3 and T4 are in the sub-threshold
region is more serious. That is, the voltage drop of the curve
A is greatest during a period Tout. Hence, the i”* shift register
SR, may not output the scan signal SS, normally.

[0039] In addition, the more the length difference between
channel lengths [1 of the N-type transistors T3 and T4 in the
pull-down unit 305 and channel lengths L.2 of the N-type
transistors T1 and T2 in the pull-up unit 303, the less the
degree of influence that the leakage currents of the N-type
transistors T3 and T4 affect the N-type transistors T1 and T2
as the N-type transistors T3 and T4 are in the sub-threshold
region. That is, the voltage drop of the curves B and C during
the period Tout is gradually reduced relative to that of the
curve A. As aresult, the i” shift register SR, is ensured being
able to output the scan signal S8, normally.

[0040] In summary, since the channel length of the N-type
transistors responsible to output the scan signal in the shift
register device of the invention is greater than the channel
length of the N-type transistors responsible to stop outputting
the scan signal, the degree of influence that the leakage cur-
rents of the N-type transistors responsible to stop outputting
the scan signal affect the N-type transistor responsible to
output the scan signal is reduced when the N-type transistors
responsible to stop outputting the scan signal are in the sub-
threshold region. Hence, the shift register is ensured being
able to output the scan signal normally.

[0041] In addition, although a certain circuit implementa-
tion form of the pre-charge umt, the pull-up unit and the
pull-down unit is provided in the above-mentioned exemplary
embodiment, but the invention is not limited thereto. That is
to say, as long as the shift register is capable of being divided
into other circuit implementation form of the pre-charge unit,
the pull-up unit and the pull-down unit, the channel lengths of
all or parts of the N-type transistors in the pull-down unit are
able to be increased according to the invention. As a result, the
degree of influence that the leakage currents of the N-type



US 2011/0012823 Al

transistors responsible to stop outputting the scan signal in the
shift register affect the N-type transistors responsible to out-
put the scan signal when the N-type transistors responsible to
stop outputting the scan signal are in the sub-threshold region
is reduced.

[0042] Although the present invention has been described
with reference to the above embodiments, it will be apparent
to one of the ordinary skill in the art that modifications to the
described embodiment may be made without departing from
the spirit of the invention. Accordingly, the scope of the
invention will be defined by the attached claims not by the
above detailed descriptions.

What is claimed is:

1. A shift register device comprising:a plurality of shift
registers connected in series, an i” shift register of the plural-
ity of shift registers comprising:

a pre-charge unit receiving a first scan signal output by an
(i-1)™ shift register of the plurality of shift registers, and
outputting a charge signal according to the first scan
signal, where 1 is a positive integer;

a pull-up unit coupled to the pre-charge unit, receiving the
charge signal and a first clock signal, and outputting a
second scan signal according to the charge signal and the
first clock signal; and

a pull-down unit coupled to the pre-charge unit and the
pull-up unit, receiving a second clock signal and a third
scan signal output by an (i+1)” shift register of the
plurality of shift registers, and determining whether
pulling down the second scan signal to a reference volt-
age according to the second clock signal and the third
scan signal,

wherein the pre-charge unit, the pull-up unit and the pull-
down unit respectively have at least a transistor, the
transistor in the pull-down unit has a first channel length,
the transistors in the pre-charge unit and the pull-up unit
respectively have a second channel length, and the first
channel length is greater than the second channel length.

2. The shift register device of claim 1, wherein the transis-
tor in the pre-charge unit is a first N-type transistor,

wherein, a gate and a source of the first N-type transistor
are connected with each other, and a drain of the first
N-type transistor is configured to output the charge sig-
nal.

3. The shift register device of claim 2, wherein the transis-
tor in the pull-up unit is a second N-type transistor,

wherein a gate of the second N-type transistor is connected
with the drain of the first N-type transistor, a source of
the second N-type transistor is configured to receive the
first clock signal, and a drain of the second N-type tran-
sistor is configured to output the second scan signal.

4. The shift register device of claim 3, wherein the pull-up
unit further has a capacitor coupled between the gate and the
drain of the second N-type transistor.

5. The shift register device of claim 3, wherein the transis-
tor in the pull-down unit is a third N-type transistor,

wherein a gate of the third N-type transistor is configured to
receive the second clock signal, a source of the third
N-type transistor is coupled to the drain of the second
N-type transistor, and a drain of the third N-type tran-
sistor is coupled to the reference voltage.

6. The shift register device of claim 5, wherein the pull-
down unit further has another transistor which is a fourth
N-type transistor,
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wherein a gate of the fourth N-type transistor is configured
to receive the third scan signal, a source of the fourth
N-type transistor is coupled to the gate of the second
N-type transistor, and a drain of the fourth N-type tran-
sistor is coupled to the reference voltage.

7. The shift register device of claim 6, wherein the first
N-type transistor and the second N-type transistor respec-
tively have the second channel length, and the third N-type
transistor and the fourth N-type transistor respectively have
the first channel length.

8. The shift register device of claim 7, wherein the first
channel length of the third N-type transistor and the fourth
N-type transistor is greater than the second channel length of
the first N-type transistor and the second N-type transistor.

9. The shift register device of claim 8, wherein the first
channel length of the third N-type transistor and the fourth
N-type transistor is substantially 1.01 to 4 times the second
channel length of the first N-type transistor and the second
N-type transistor.

10. The shift register device of claim 1, wherein a phase
difference between the first clock signal and the second clock
signal is 180-degree.

11. A liquid crystal display (LCD) comprising:

an LCD panel comprising a substrate and a shift register
device, the shift register device being directly disposed
on the substrate and has a plurality of shift registers
connected in series, an i”” shift register of the plurality of
shift registers comprising:

a pre-charge unit receiving a first scan signal output by an
(i-1)" shift register of the plurality of shift registers, and
outputting a charge signal according to the first scan
signal, where 1 is a positive integer;

a pull-up unit coupled to the pre-charge unit, receiving the
charge signal and a first clock signal, and outputting a
second scan signal according to the charge signal and the
first clock signal; and

a pull-down unit coupled to the pre-charge unit and the
pull-up unit, receiving a second clock signal and a third
scan signal output by an (i+1)” shift register of the
plurality of shift registers, and determining whether
pulling down the second scan signal to a reference volt-
age according to the second clock signal and the third
scan signal,

wherein the pre-charge unit, the pull-up unit and the pull-
down unit respectively have at least a transistor, the
transistor in the pull-down unit has a first channel length,
the transistors in the pre-charge unit and the pull-up unit
respectively have a second channel length, and the first
channel length is greater than the second channel length;
and

a backlight module providing a backlight source to the
LCD panel.

12. The LCD of claim 11, wherein the transistor in the

pre-charge unit is a first N-type transistor,

wherein a gate and a source of the first N-type transistor are
connected with each other, and a drain of the first N-type
transistor is configured to output the charge signal.

13. The LCD of claim 12, wherein the transistor in the

pull-up unit is a second N-type transistor,

wherein a gate of the second N-type transistor is connected
with the drain of the first N-type transistor, a source of
the second N-type transistor is configured to receive the
first clock signal, and a drain of the second N-type tran-
sistor is configured to output the second scan signal.
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14. The LCD of claim 13, wherein the pull-up unit further
has a capacitor coupled between the gate and the drain of the
second N-type transistor.

15. The LCD of claim 13, wherein the transistor in the
pull-down unit is a third N-type transistor,

wherein a gate of the third N-type transistor is configured to

receive the second clock signal, a source of the third
N-type transistor is coupled to the drain of the second
N-type transistor, and a drain of the third N-type tran-
sistor is coupled to the reference voltage.

16. The LCD of claim 15, wherein the pull-down unit
further has another transistor which is a fourth N-type tran-
sistor,

wherein a gate of the fourth N-type transistor is configured

to receive the third scan signal, a source of the fourth
N-type transistor is coupled to the gate of the second
N-type transistor, and a drain of the fourth N-type tran-
sistor is coupled to the reference voltage.
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17. The LCD of claim 16, wherein the first N-type transis-
tor and the second N-type transistor respectively have the
second channel length, and the third N-type transistor and the
fourth N-type transistor respectively have the first channel
length.

18. The LCD of claim 17, wherein the first channel length
of the third N-type transistor and the fourth N-type transistor
is greater than the second channel length of the first N-type
transistor and the N-type second transistor.

19. The LCD of claim 18, wherein the first channel length
of the third N-type transistor and the fourth N-type transistor
is substantially 1.01 to 4 times the second channel length of
the first N-type transistor and the N-type second transistor.

20. The LCD of claim 11, wherein a phase difference
between the first clock signal and the second clock signal is
180-degree.
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