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LIQUID CRYSTAL DISPLAY AND
BIDIRECTIONAL SHIFT REGISTER DEVICE
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of China
application serial no. 201310499380.3, filed on Oct. 22,
2013. The entirety of the above-mentioned patent application
is hereby incorporated by reference herein and made a part of
this specification.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

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

[0004] 2. Description of Related Art

[0005] Due to the rapid advancement of semiconductor
technologies in the recent years, portable electronics and flat
panel displays have gained popularity. Among various types
of flat panel displays, liquid crystal displays (LCDs) have
gradually become the mainstream display products on
account of the advantages including a low operating voltage,
free of harmful radiation, light weight and small volume. As
a consequence, the LCD has been developed by manufactur-
ers in this field to comply with the requirements for miniature
and low costs.

[0006] In order to lower down the manufacturing costs of
the LCD, some manufacturers directly place shift registers on
a glass substrate of the LCD panel in an amorphous silicon
(a-Si) manufacturing process instead of placing the shift reg-
isters inside a scan driver IC on a scan side of the LCD panel.
Thereby, the scan driver IC originally placed on the scan side
of the LCD panel is no longer required, such that the manu-
facturing costs of the LCD can be reduced.

SUMMARY OF THE INVENTION

[0007] The invention is directed to a liquid crystal display
(LCD) and its shift register device for improving the reliabil-
ity of the bidirectional shift register device and reducing the
circuit layout area of the bidirectional shift register device.

[0008] In an embodiment of the invention, a bidirectional
shift register device that includes N stages of shift registers
connected together in series is provided, and an i” stage shift
register of the shift registers includes a pre-charge unit, a
pull-up unit, and a pull-down unit. The pre-charge unit
receives an output of an (i-2)” stage shift register and an
output of an (i+2)” stage shift register of the shift registers
and outputs a pre-charge signal according to the outputs of the
(i-2)™ and (i+2)™ stage shift registers. Here, N is a predeter-
mined positive integer, and iis a positive integer larger than or
equal to 3 and smaller than or equal to N=2. The pull-up umt
is coupled to the pre-charge unit, receives the pre-charge
signal and a predetermined clock signal, and outputs a scan
signal according to the pre-charge signal and the predeter-
mined clock signal. The pull-down unit is coupled to the
pre-charge unit and the pull-up unit and includes a first dis-
charge unit and a second discharge unit. The first discharge
unit receives the pre-charge signal and a first level signal and
determines whether to pull the scan signal down to a reference
voltage potential according to the pre-charge signal and a first
voltage-dividing signal associated with the first level signal.
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The second discharge unit receives the pre-charge signal and
asecond level signal and determines whether to pull the scan
signal down to the reference voltage potential according to
the pre-charge signal and a second voltage-dividing signal
associated with the second level signal.

[0009] In an embodiment of the invention, an LCD that
includes an LCD panel, a driver circuit, and a backlight mod-
ule is provided. The LCD panel includes a substrate, a plu-
rality of pixels arranged in an array, a first bidirectional shift
register device, and a second bidirectional shift register
device, wherein the pixels, the first bidirectional shift register
device, and the second bidirectional shift register device are
located on the substrate. The first bidirectional shift register
device has N stages of first shift registers connected together
in series and corresponding to the pixels in odd columns, and
ani™ stage first shift register of the first shift registers includes
afirst pre-charge unit, a first pull-up unit, and a first pull-down
unit. The first pre-charge unit receives an output of an (i-2)"
stage first shift register and an output of an (i+2)” stage first
shift register of the first shift registers and outputs a first
pre-charge signal according to the outputs of the (i-2)" and
(i+2)™ stage first shift registers. Here, N is a predetermined
positive integer, and i is a positive integer larger than or equal
to 3 and smaller than or equal to N-2. The first pull-up unit is
coupled to the first pre-charge unit, receives the first pre-
charge signal and a first predetermined clock signal, and
outputs a first scan signal according to the first pre-charge
signal and the first predetermined clock signal. The first pull-
down unit is coupled to the first pre-charge unit and the first
pull-up unit and includes a first discharge unit and a second
discharge unit. The first discharge unit receives the first pre-
charge signal and a first level signal and determines whether
to pull the first scan signal down to a reference voltage poten-
tial according to the first pre-charge signal and a first voltage-
dividing signal associated with the first level signal. The
second discharge unit receives the first pre-charge signal and
a second level signal and determines whether to pull the
second scan signal down to the reference voltage potential
according to the first pre-charge signal and a second voltage-
dividing signal associated with the second level signal. Here,
a phase of the first level signal and a phase of the second level
signal are inverse to each other. The second bidirectional shift
register device has M stages of second shift registers con-
nected together in series and corresponding to the pixels in
even columns, and a j* stage second shift register of the
second shift registers includes a second pre-charge unit, a
second pull-up unit, and a second pull-down unit. The second
pre-charge unit receives an output of a (j-2) stage second
shift register and an output of a (j+2)* stage second shift
register of the second shift registers and outputs a second
pre-charge signal according to the outputs of the (j-2)* and
(42)™ stage second shift registers. Here, M is a predeter-
mined positive integer, and j is a positive integer larger than or
equal to 3 and smaller than or equal to M-2. The second
pull-up unit is coupled to the second pre-charge unit, receives
the second pre-charge signal and a second predetermined
clock signal, and outputs a second scan signal according to
the second pre-charge signal and the second predetermined
clock signal. The second pull-down unit is coupled to the
second pre-charge unit and the second pull-up unit and
includes a third discharge unit and a fourth discharge unit.
The third discharge unit receives the second pre-charge signal
and a third level signal and determines whether to pull the
second scan signal down to a reference voltage potential
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according to the second pre-charge signal and a third voltage-
dividing signal associated with the third level signal. The
fourth discharge unit receives the second pre-charge signal
and a fourth level signal and determines whether to pull the
second scan signal down to the reference voltage potential
according to the second pre-charge signal and a fourth volt-
age-dividing signal associated with the fourth level signal.
Here, a phase ofthe third level signal and a phase of the fourth
level signal are inverse to each other. The driver circuit is
coupled to the LCD panel for driving the LCD panel to
display an image, and the driver circuit provides a plurality of
predetermined clock signals as the first predetermined clock
signal and the second predetermined clock signal. The back-
light module serves to provide a light source required by the
LCD panel.

[0010] In view of the above, an embodiment of the inven-
tion provides an LCD and its bidirectional shift register
device. The bidirectional shift register device is capable of
discharging nodes by means of the pull-down unit having two
discharge units, so as to stably control the level of the scan
signal output by each shift register and further enhance the
overall reliability of the bidirectional shift register device
effectively. Additionally, according to the circuit configura-
tion of the shift registers described herein, the operation of the
discharge units may be controlled by means of the voltage-
dividing signals within the discharge units, and thus the com-
ponents bearing the high current load in the discharge units
may have the reduced load. As a result, if the shift registers
described in any of the embodiments of the invention are
applied, relevant components in the bidirectional shift regis-
ter device are less likely to be damaged, and the reliability of
the bidirectional shift register device can be further improved.

[0011] Several exemplary embodiments accompanied with
figures are described in detail below to further describe the
invention in details.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The accompanying drawings are included to pro-
vide further understanding, and are incorporated in and con-
stitute a part of this specification. The drawings illustrate
exemplary embodiments and, together with the description,
serve to explain the principles of the invention.

[0013] FIG.1isa schematic view illustrating a liquid crys-
tal display (LCD) according to an embodiment of the inven-
tion.

[0014] FIG. 2A and FIG. 2B are schematic views illustrat-
ing the bidirectional shift register devices according to the
embodiment depicted in FIG. 1.

[0015] FIG. 3A is a schematic view illustrating shift regis-
ters according to the embodiment depicted in FIG. 2A.
[0016] FIG. 3B to FIG. 3E are schematic views illustrating
operations of circuits of the first to the fourth shift registers
according to the embodiment depicted in FIG. 3A.

[0017] FIG. 41s a schematic view illustrating circuits of the
shift registers according to the embodiment depicted in FIG.
3A.

[0018] FIG. 5A and FIG. 5B are schematic signal timing
diagrams of a bidirectional shift register device according to
an embodiment of the invention.

[0019] FIG. 6A and FIG. 6B are schematic signal timing
diagrams of a bidirectional shift register device according to
another embodiment of the invention.
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DETAILED DESCRIPTION OF DISCLOSED
EMBODIMENTS

[0020] 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. Moreover, elements/compo-
nents/notations with same reference numerals represent same
or similar parts in the drawings and embodiments.

[0021] FIG. 1isa schematic view illustrating a liquid crys-
tal display (LCD) according to an embodiment of the inven-
tion. With reference to FIG. 1, the LCD 100 includes an LCD
panel 110, a driver circuit 120, and a backlight module 130
configured to provide a (back) light source required by the
LCD panel 110.

[0022] The LCD panel 110 includes a substrate (not shown,
e.g., a glass substrate), a display area AA, and bidirectional
shift register devices 112_I and 112_R. In the present exem-
plary embodiment, the display area AA of'the LCD panel 110
has a plurality of pixels arranged in a matrix, which is repre-
sented by X*Y in FIG. 1. Here, both X and Y are positive
integers. In general, X*Y (e.g., 1024*768) may also refer to
the display resolution of the LCD panel 110, which should
however not be construed as a limitation to the invention. The
bidirectional shift register devices 112_I. and 112_R are
respectively located at two sides of the substrate of the LCD
panel 110 and are respectively coupled to the pixels arranged
in odd columns and in even columns through corresponding
scan lines.

[0023] The driver circuit 120 includes a timing controller
122 and a source driver 124. In the driver circuit 120, the
timing controller 122 is able to provide plural predetermined
clock signals (e.g., clock signals STV1_L, STV2_L, STV1_
R, STV2_R, CLK1_L to CLK4_I, and CLK1_R to CLK4_
R) to control the operations of the bidirectional shift register
devices 112_L and 112 R. The source driver 124 is also
subject to the timing controller 122 and outputs a plurality of
pixel voltages to drive the corresponding pixels in the LCD
panel 110.

[0024] Particularly, the bidirectional shift register device
112_L is controlled by the timing controller 122 and outputs
a plurality of scan signals SS, L to SS,, L inresponse to the
clock signals CLK1_I to CLK4_L and the start pulse signals
STV1_L and STV2_L provided by the timing controller 122.
The scan signals SS;, L, SS, L, SSy_, L, and SSy, L are
dummy scan signals (not supplied to the LCD panel 110 and
merely acting as the basis of generating other scan signals),
whereas the scan signals SS; L to SS,_, L are provided to
the pixels in odd columns in the LCD panel 110 through the
corresponding scan lines, so as to sequentially turn on the
pixels in odd columns. Here, N is a predetermined positive
integer corresponding to the number of said odd columns. In
the present embodiment, the bidirectional shift register
device 112_L has four dummy shift registers, and therefore
the value of N is obtained by adding four to the number of said
odd columns.

[0025] Similarly, the bidirectional shift register device
112_R outputs a plurality of scan signals SS; RtoSS,, Rin
response to the clock signals CLK1_R to CLK4_R and the
start pulse signals STV1_R and STV2_R provided by the
timing controller 122. The scan signals SS; R, SS, R,SS,,
1 R, and 8S,, R are dummy scan signals, whereas the scan
signals SS; R0 SS,, , R are provided to the pixels in even
columns in the LCD panel 110 through the corresponding
scan lines, so as to sequentially turn on the pixels in even
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columns. Here, M is a predetermined positive integer corre-
sponding to the number of said even columns. In the present
embodiment, the bidirectional shift register device 112_R has
four dummy shift registers, and therefore the value of M is
obtained by adding four to the number of said even columns.
[0026] According to said driving manner, the pixels in each
column in the LCD panel 110 are sequentially turned on
according to the corresponding scan signals SS; L to SS,,_
2 Land SS; RtoSS,, , R.In the present embodiment, the
timing controller 122 may control the scan order of the bidi-
rectional shift register devices 112_L and 112_R by provid-
ing different predetermined clock signals, such that the bidi-
rectional shift register devices 112_[. and 112_R sequentially
turn on the pixels in each column in the display area AA in a
forward scan order (i.e., from the first column to the last
column) or a reverse scan order (i.e., from the last column to
the first column).

[0027] FIG. 2A and FIG. 2B are schematic views illustrat-
ing the bidirectional shift register devices 112_I. and 112_R.
With reference to FIG. 2A, the bidirectional shift register
device 112_L includes N stages of shift registers SR1, to
SR1,, which are substantially the same and are connected
together in series. Although circuit structures of the first stage
shift register SR1,, the second stage shift register SR1,, the
(N-1)" stage shift register SR1,_,, and the N” stage shift
register SR1,,are the same as acircuit structure of the i# stage
shift register SR1i(3=i<N-2), the first stage shift register
SR1,, the second stage shift register SR1,, the (N-1)* stage
shift register SR1,,_,, and the N stage shift register SR1 are
all dummy shift registers. That is, the scan signals SS, L,
SS, L,SSy_; L, and SS,, L respectively output by the first
stage shift register SR1,, the second stage shift register SR1,,
the (N-1)" stage shift register SR1,,_,, and the N* stage shift
register SR1, merely serve to maintain the normal operation
of the bidirectional shift register device 112_L, rather than
turning on the pixels in any column in the display area AA.
Hence, the scan signals respectively output by the first stage
shift register, the second stage shift register, the (N—1) stage
shift register, and the N” stage shift register may be consid-
ered as dummy scan signals, and the outputs SS; L to SS,,_
2 L of the third stage shift register SR1, to the (N-2)" stage
shift register SR1,, , serve to sequentially turn on the corre-
sponding pixels in odd columns through the corresponding
scan lines.

[0028] Similarly, with reference to FIG. 2B, the bidirec-
tional shift register device 112_R includes M stages of shift
registers SR2, to SR2,,which are substantially the same and
are connected together in series, and the first stage shift reg-
ister SR2,, the second stage shift register SR2,, the (M-1)"
stage shift register SR2,,_,, and the M™ stage shift register
SR2,, are all dummy shift registers outputting dummy scan
signals. By contrast, the outputs SS; R to SS,_, R of the
third stage shift register SR2, to the (M-2)" stage shift reg-
ister SR2,,_, serve to sequentially turn on the corresponding
pixels in even columns through the corresponding scan lines.
[0029] In the present embodiment, the bidirectional shift
register devices 112_1. and 112_R sequentially and respec-
tively output the scan signals SS; L to SS,, L and SS; Rto
SS,, Rinaforward scan order or a reverse scan order accord-
ing to a forward input signal FW or a backward input signal
BW. The forward input signal FW and the backward input
signal BW may be provided by the timing controller 122 or by
an additional signal generating unit, and the invention is not
limited thereto.
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[0030] 1Inthe following embodiments, the operational prin-
ciples and the circuit structures of the shift registers SR11 to
SRIN and SR2, to SR2,, are substantially the same; there-
fore, the i”* stage shift register SR1i of the bidirectional shift
register device 112_L is exemplified herein to elaborate the
invention. People skilled in the art should be able to learn the
operational principle and the circuit structure of the bidirec-
tional shift register device 112_R and those of the shift reg-
isters SR2, to SR2,, from the following descriptions, and
therefore only the difference between the bidirectional shift
register devices 112_L and 112_R will be provided hereinaf-
ter.

[0031] FIG. 3A is a schematic view illustrating shift regis-
ters according to the embodiment depicted in FIG. 2A. With
reference to FIG. 2A and FIG. 3A, the i stage shift register
SR1, includes a pre-charge unit 310, a pull-up unit 320 and a
pull-down unit 330. The pre-charge unit 310 receives an
output of the (i-2)" stage shift register SR1,_, and an output
of the (i+2)" stage shift register SR1,,, and outputs a pre-
charge signal PCS according to the outputs of the (i-2)" and
(i+2)" stage shift registers SR1,_, and SR1,_,. Here, 3=isN-
2. That s, except for the dummy shift registers, the pre-charge
unit 310 of each shift register SR1, receives the scan signals
SS,, L and SS,,, L respectively output by the previous
two-stage shift register SR1,_, and the following two-stage
shift register SR1,, , and thereby generates the corresponding
pre-charge signal PCS.

[0032] The dummy shift registers generate the pre-charge
signal PCS in response to the start pulse signals STV1_I and
STV2_L provided by the timing controller 122. For instance,
the pre-charge unit of the first stage shift register SR1,
receives the start pulse signal STV1_L and the scan signal
SS, L output by the third stage shift register SR1,, the pre-
charge unit ofthe second stage shift register SR1, receives the
start pulse signal STV2_L and the scan signal SS, L output
by the fourth stage shift register SR1,, the pre-charge unit of
the (N-1)" stage shift register SR1,, , receives the start pulse
signal STV1_L and the scan signal SS,_; L output by the
(N-3Y” stage shift register SR1,,_,, and the pre-charge unit of
the N stage shift register SR1,, receives the start pulse signal
STV2_L and the scan signal SS,_, L output by the (N-2)”
stage shift register SR1,, ,.

[0033] In addition, the pre-charge unit of each of the shift
registers SR1, to SR1,, receives the forward input signal FW
and the backward input signal BW, such that the bidirectional
shift register device 112_L drives the pixels in odd columns in
the display area AA in the forward scan order or the reverse
scan order according to the forward input signal FW and the
backward input signal BW. For instance, the bidirectional
shift register device 112_I. may drive the pixels in odd col-
umns in the forward scan order (from the first column to the
last column) according to the enabled forward input signal
FW and the disabled backward input signal BW and may
drive the pixels in odd columns in the reverse scan order (from
the last column to the first column) according to the disabled
forward input signal FW and the enabled backward input
signal BW.

[0034] The pull-up unit 320 is coupled to the pre-charge
unit 310, receives the pre-charge signal PCS and a predeter-
mined clock signal PCK, and outputs a scan signal SS, L
according to the pre-charge signal PCS and the predeter-
mined clock signal PCK.

[0035] The pull-down unit 330 is coupled to the pre-charge
unit 310 and the pull-up unit 320 and includes a first discharge
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unit 332 and a second discharge unit 334. The first discharge
unit 332 receives the pre-charge signal PCS and a first level
signal VPWL1 and thereby determines whether to pull the
scan signal SS; L down to a reference voltage potential Vss
(including but not limited to a negative voltage). The second
discharge unit 334 receives the pre-charge signal PCS and a
second level signal VPWT.2 and thereby determines whether
to keep the scan signal SS, L to the reference voltage poten-
tial Vss. Here, a phase of the first level signal VPWL1 and a
phase of the second level signal VPWL2 are inverse to each
other. The level of the first level signal VPWL1 allows the first
discharge unit 332 to be driven in a normal manner to dis-
charge. Note that the actual voltage level may be determined
according to the actual circuit operation, which should not be
construed as a limitation to the invention. Similarly, the level
of the second level signal VPWL2 allows the second dis-
charge unit 334 to be driven in a normal manner to discharge.
Note that the actual voltage level may be determined accord-
ing to the actual circuit operation, which should not be con-
strued as a limitation to the invention.

[0036] To be specific, the timing controller 122 sequen-
tially provides different clock signals CLK1_L to CLK4_I as
the corresponding predetermined clock signals PCK to each
ofthe shift registers SR1, to SR1,,, such that the shift registers
SR1, to SR1, areable to drive the pixels in odd columns in the
display area AA in the forward scan order or the reverse scan
order. Here, the waveforms of the clock signals CLK1_L to
CLK4_L and the start pulse signals STV1_L and STV2_L
provided by the timing controller 122 may be changed in
response to the pixel-driving manner in the forward scan
order or the reverse scan order, which is clearly shown in the
following schematic signal timing diagram.

[0037] In case of the pixel-driving manner in the forward
scan order, please refer to FIG. 3B to FIG. 3E which are
schematic views illustrating operations of circuits of the first
to the fourth shift registers according to the embodiment
depicted in FIG. 3A. With reference to FI1G. 3B, if the bidi-
rectional shift register device 112_L scans the display area
AA in the forward scan order, the pre-charge unit 310_1 of the
exemplary first stage shift register SR1,(i=1) receives the
start pulse signal STV1_L and the scan signal SS; I, and the
predetermined clock signal PCK received by the pull-up unit
320_1 of the first stage shift register SR1, is the clock signal
CLK3_L.

[0038] With reference to FIG. 3C, if the bidirectional shift
register device 112_L scans the display area AA in the for-
ward scan order, the pre-charge unit 310_2 of the exemplary
second stage shift register SR1,(i=2) receives the start pulse
signal STV2_L and the scan signal SS, L, and the predeter-
mined clock signal PCK received by the pull-up unit320_2 of
the second stage shift register SR1, is the clock signal CLK4_
L.

[0039] With reference to FIG. 3D, if the bidirectional shift
register device 112_L scans the display area AA in the for-
ward scan order, the pre-charge unit 310_3 of the exemplary
third stage shift register SR1,(i=3) receives the scan signals
SS; L and SS; L, and the predetermined clock signal PCK
received by the pull-up unit 320_3 of the third stage shift
register SR1; is the clock signal CLK1_L.

[0040] With reference to FIG. 3E, if the bidirectional shift
register device 112_L scans the display area AA in the for-
ward scan order, the pre-charge unit 310_4 of the exemplary
fourth stage shift register SR1,,(i=4) receives the scan signals
SS, L and SS4 L, and the predetermined clock signal PCK
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received by the pull-up unit 320_4 of the fourth stage shift
register SR1, is the clock signal CLK2_L.

[0041] In light of the foregoing, the predetermined clock
signal PCK of the (4k-3)" stage shift register SR1, is the
clock signal CLK3_L; here, i=4k-3, and k is a positive inte-
ger. Besides, the predetermined clock signal PCK of the (4k-
2)* stage shift register SR1, (i=4k-2) is the clock signal
CLK4_L. The predetermined clock signal PCK of the (4k-
1)* stage shift register SR1, (i=4k-1) is the clock signal
CLK1_L. The predetermined clock signal PCK of the 4k”
stage shift register SR1, (i=4k) is the clock signal CLK2_L.
That is, the predetermined clock signals PCK of each of the
shift registers SR1, to SR1,,are sequentially the clock signals
CLK3_L,CLK4_L,CLK1_L and CLK2_L..

[0042] FIG. 4is a schematic view illustrating circuits of the
shift registers according to the embodiment depicted in FIG.
3A. Withreference to FIG. 4, the pre-charge unit 310 includes
transistors M1 and M2, the pull-up unit 320 includes a tran-
sistor M3 and a capacitor C1, the first discharge unit 332 of
the pull-down unit 330 includes transistors M4 to M9, and the
second discharge unit 334 of the pull-down unit 330 includes
transistors M10 to M15. Each of the transistors M1 to M15
described in the present embodiment is an n-type transistor,
for instance, while the invention is not limited thereto.
[0043] In the pre-charge unit 310 of the i” stage shift reg-
ister SR1,, a gate of the transistor M1 receives the scan signal
SS,_» L output by the (i-2)" stage shift register SR1,_,, and
a drain of the transistor M1 receives the forward input signal
FW. A gate of the transistor M2 receives the scan signal
SS,.. L output by the (i+2)” stage shift register SR1,,,, a
source of the transistor M2 is coupled to a source of the
transistor M1, and a drain of the transistor M2 receives the
backward input signal BW. Here, the source of the transistor
M2 and the source of the transistor ml are together coupled to
anode X to output the pre-charge signal PCS.

[0044] In the pull-up unit 320 of the i”* stage shift register
SR1,, a gate of transistor M3 receives the pre-charge signal
PCS from the node X, a drain of the transistor M3 receives the
predetermined clock signal PCK, and a source of the transis-
tor M3 outputs the scan signal SS; L. A first terminal of the
capacitor C1is coupled to the gate of the transistor M3 and the
node X, and a second terminal of the capacitor C1 is coupled
to the source of the transistor M3.

[0045] In the first discharge unit 332 of the i” stage shift
register SR1,, a gate of transistor M4 is coupled to a drain of
the transistor M4 to receive the first level signal VPWL1, and
asource of the transistor M4 outputs the first voltage-dividing
signal VDS1. A gate of the transistor M5 receives the first
voltage-dividing signal VDS1, and a drain of the transistor
M5 is coupled to the drain of the transistor M4 and receives
the first level signal VPWL1. A gate of the transistor M6 is
coupled to the source of the transistor M1 and the source of
the transistor M2 to receive the pre-charge signal PCS, a drain
of the transistor M6 is coupled to the source of the transistor
M4, and a source of the transistor M6 is coupled to the
reference voltage potential Vss. A gate of the transistor M7 is
coupled to the source of the transistor M1 and the source of
the transistor M2 to receive the pre-charge signal PCS, a drain
of the transistor M7 is coupled to the source of the transistor
M5, and a source of the transistor M7 is coupled to the
reference voltage potential Vss. A gate of the transistor M8 is
coupled to the source of the transistor M5 and the source of
the transistor M7, a drain of the transistor M8 is coupled to the
source of the transistor M1 and the source of the transistor
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M2, and a source of the transistor M8 is coupled to the
reference voltage potential Vss. A gate of the transistor M9 is
coupled to the gate of the transistor M8, a drain of the tran-
sistor M9 is coupled to the source of the transistor M3, and a
source of the transistor M9 is coupled to the reference voltage
potential Vss.

[0046] Inthe second discharge unit 334 of the i”* stage shift
register SR1,, a gate of transistor M10 is coupled to a drain of
the transistor M10 to receive the second level signal VPWL2,
and a source of the transistor M10 outputs the second voltage-
dividing signal VDS2. A gate of the transistor M11 receives
the second voltage-dividing signal VDS2, and a drain of the
transistor M11 is coupled to the drain of the transistor M10
and receives the second level signal VPWL2. A gate of the
transistor M12 is coupled to the source of the transistor M1
and the source of the transistor M2 to receive the pre-charge
signal PCS, a drain of the transistor M12 is coupled to the
source of the transistor M10, and a source of the transistor
M12 is coupled to the reference voltage potential Viss. A gate
of the transistor M13 is coupled to the source of the transistor
M1 and the source of the transistor M2 to receive the pre-
charge signal PCS, a drain of the transistor M13 is coupled to
the source of the transistor M11, and a source of the transistor
M13 is coupled to the reference voltage potential Viss. A gate
of the transistor M14 is coupled to the source of the transistor
M11 and the source of the transistor M13, a drain of the
transistor M14 is coupled to the source of the transistor M1
and the source of the transistor M2, and a source of the
transistor M14 is coupled to the reference voltage potential
Vss. A gate of the transistor M15 is coupled to the gate of the
transistor M14, a drain of the transistor M15 is coupled to the
source of the transistor M3, and a source ofthe transistor M15
is coupled to the reference voltage potential Vss.

[0047] FIG.5A is a schematic signal timing diagram illus-
trating that the bidirectional shift register device 112_L scans
the pixels in odd columns in the display area AA in the
forward scan order, and the operational principle of the shift
register SR1, shown in FIG. 4 may be clearly explained with
reference to FIG. 5A.

[0048] As shown in FIG. 5A, in case of the pixel-driving
manner in the forward scan order, the shift register SR1,
receives the high-level forward scan signal FW and the low-
level reverse scan signal BW and receives the first level signal
VPWL1 and the second level signal VPWL2. Here, the phase
of the first level signal VPWL1 and the phase of the second
level signal VPWL2 are inverse to each other. Besides, the
timing controller 122 provides the clock signals CLK3_L,
CLK4_L, CLK1_L, and CLK2_L, which have the specific
duty cycle, and there are phase differences among the clock
signals CLK3_L, CLK4_L, CLK1_L, and CLK2_L. In the
present embodiment, the duty cycle of each of the clock
signals CLK3_L, CLK4_L, CLK1_L, and CLK2_L is 50%,
for instance, and each of the clock signals CLK3_L, CLK4_
L, CLK1_L, and CLK2_I. which differs in phase by 90
degrees one after another is generated by the timing controller
122 inthe order of CLK3_L—-CLK4_L—-CLK1 L—-CLK2_
L; that is, the enabling time of each of the clock signals
CLK3_L, CLK4_L, CLK1_L, and CLK2_IL. is respectively
overlapped by 50%, which should however not be construed
as alimitation to the invention. Here, the enabling time refers
to the time at which the signal is raised to the high level, i.e.,
the width of each pulse. For instance, the phase of the clock
signal CLK4_L lags behind the phase of the clock signal
CLK3_L by 90 degrees, the phase of the clock signal
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CLK1_L lags behind the phase of the clock signal CLK4_L
by 90 degrees, and the phase of the clock signal CLK2_I. lags
behind the phase of the clock signal CLK1_L by 90 degrees.
[0049] Besides, in the present embodiment, the enabling
time of the first pulse of the clock signal CLK3_L within one
frame period is later than the enabling time of the start pulse
signal STV2_L and is overlapped with the enabling time of
the start pulse signal STV2_L by 50%. The phase of the start
pulse signal STV2_L lags behind the phase of the start pulse
signal STV1_L, and the enabling time of the start pulse signal
STV2_L is overlapped with the enabling time of the start
pulse signal STV1_L by 50%.

[0050] With reference to FIG. 2A, FIG. 4, and FIG. 5A, in
the exemplary first shift register SR1,, during the frame
period from t1 to t3, the transistor M1 in the pre-charge unit
310 is turned on in response to the enabled start pulse signal
STV1_L, and the transistor M2 in the pre-charge unit 310 is
turned off in response to the disabled scan signal SS; L.
Thereby, the pre-charge unit 310 outputs the corresponding
pre-charge signal PCS to pre-charge the node X. During said
frame period, the pull-up unit 320 receives the disabled clock
signal CLK3_L, and therefore the scan signal SS, L is at the
reference voltage potential Vss no matter whether the tran-
sistor M3 is turned on by the pre-charge signal PCS.

[0051] During the frame period from t3 to t5, the transistors
M1 and M2 in the pre-charge unit 310 are turned off respec-
tively in response to the disabled start pulse signal STV1_L
and the disabled scan signal SS; L. The pull-up unit 320
receives the enabled clock signal CLK3_L; during said frame
period, the node X is pulled up due to the coupling effects
between the drain and the gate of the transistor M3, and
thereby the transistor M3 is turned on and outputs the high-
level scan signal SS; L. In another aspect, the transistors M6
and M7 in the first discharge unit 332 are turned on respec-
tively in response to the pre-charge signal PCS received by
the gates of the transistors M6 and M7.

[0052] Since the transistors M6 and M7 are turned on by a
high-level voltage of the node X, the first voltage-dividing
signal VDS1 is pulled down to the low level and turns off the
transistor M5. Hence, the potential of the node P is pulled
down to a low level because the transistor M5 is turned off;
thereby, the transistors M8 and M9 are turned off and do not
discharge the nodes O and X. As a result, the first discharge
unit 332 does not affect the output of the scan signal 8S, L
during the frame period from t3 to t5, and the scan signal
SS, L remains at the high level during the frame period from
3 to t5.

[0053] Similarly, the transistors M12 and M13 in the sec-
ond discharge unit 332 are turned on respectively in response
to the pre-charge signal PCS received by the gates of the
transistors M12 and M13. Since the transistors M12 and M13
are turned on by the high-level voltage of the node X, the
second voltage-dividing signal VDS2 is pulled down to the
low level and turns off the transistor M11. The potential of the
node S is pulled down to a low level because the transistor
M11 is turned off; thereby, the transistors M14 and M15 are
turned off and do not discharge the nodes O and X. As a result,
the second discharge unit 334 does not affect the output of the
scan signal SS, L during the frame period from 3 to t5, and
the scan signal SS; L remains at the high level during the
frame period from €3 to t5.

[0054] During the frame period from t5 to t7, the transistor
M1 in the pre-charge unit 310 is turned off in response to the
disabled start pulse signal STV1_L, and the transistor M2 in
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the pre-charge unit 310 is turned on in response to the enabled
scan signal SS, L; hence, during said frame period, the pre-
charge unit 310 discharges the node X by means of the tran-
sistor M2 which is turned on. Thereby, the transistors M6 and
M7 are turned off because of the low-level node X. Owing to
the first level signal VPWL1, the first voltage-dividing signal
VDS1 is generated between the transistors M4 and M6, and
the transistor M5 is turned on by means of the first voltage-
dividing signal VDSI. Since the transistor M5 is turned on,
the voltage at the node P may be pulled up to a level close to
the potential of the first level signal VPWL1, and the voltage
at the node P further turns on the transistors M8 and M9. In
response to the voltage at the node P, the transistors M8 and
M9 in the first discharge unit 332 are turned on, so as to
respectively discharge the nodes X and O. Therefore, the scan
signal SS; L may be rapidly pulled down to the reference
voltage potential Vss at the timing t5 and remains at the
reference voltage potential Vss during the frame period from
15 to t7.

[0055] During the next frame period from t5 to t7, the
transistor M1 in the pre-charge unit 310 is turned off in
response to the disabled start pulse signal STV1_L, and the
transistor M2 in the pre-charge unit 310 is turned on in
response to the enabled scan signal SS; L; hence, during said
frame period, the pre-charge unit 310 discharges the node X
by means of the transistor M2 which is turned on. Thereby,
the transistors M12 and M13 in the second discharge unit are
turned off because of the low voltage level of the node X. The
second level signal VPWL2 (at the low level during the pre-
vious frame period) is raised to a high level, and thereby the
second voltage-dividing signal VDS2 is generated between
the transistors M10 and M12, The transistor M11 is turned on
by means of the second voltage-dividing signal VDS2. Since
the transistor M11 is turned on, the voltage at the node S may
be pulled up to alevel close to the potential of the second level
signal VPWL 2, and the voltage at the node S further turns on
the transistors M14 and M15. In response to the voltage at the
node S, the transistors M14 and M15 in the second discharge
unit 334 are turned on, so as to respectively discharge the
nodes X and O. Therefore, the scan signal SS; L may be
rapidly pulled down to the reference voltage potential Vss at
the same timing t5 in the next frame period and remains at the
reference voltage potential Vss during the frame period from
t5 to t7. During the consecutive frame periods, the first and
second discharge units 332 and 334 discharge the node X in
turns, so as to pull down the scan signal SS, L and keep the
scan signal SS; L to the reference voltage potential Vss.
Hence, the transistor M3 in the pull-up unit 320 is less likely
to be turned on due to erroneous actions, and erroneous
actions of the shift register SR11 can also be prevented.

[0056] During the next frame period from t7 to t9, the
transistors M1 and M2 in the pre-charge unit 310 are turned
off respectively in response to the disabled start pulse signal
STV1_L and the disabled scan signal SS; L. The pull-up unit
320still receives the enabled clock signal CLK3_L. However,
since the node X is discharged and is pulled to the reference
voltage potential Vss during the previous frame period, the
transistors M6 and M7 in the first discharge unit 332 are not
turned on during the current frame period from t7 to 9, and
the node O remains at the reference voltage potential Vss in
the frame period from t7 to t9. In addition, the transistors M12
and M12 in the second discharge unit 334 are not turned on
during the next frame period, such that the second discharge
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unit 334 controls the node O to remain at the reference voltage
potential Vss during the frame period from t7 to t9.

[0057] In the previous exemplary embodiment, during the
consecutive frame periods, the first and second discharge
units 332 and 334 respectively discharge the nodes X and O in
turns, so as to pull down the scan signal SS; L and keep the
scan signal SS, L to the reference voltage potential Vss;
however, the invention is not limited thereto. In another
embodiment, the first and second discharge units 332 and 334
may simultaneously discharge the nodes X and O in the same
frame period by means of the actual input voltage of the first
and second level signals VPWL1 and VPWL2, so as to pull
down the scan signal SS; L and keep the scan signal 88, L to
the reference voltage potential Vss. The simultaneous opera-
tion of the first and second discharge units 332 and 334
ensures the stability of the scan signal SS; L output by the
shift register SR1, and the possibility of outputting the unex-
pected scan signal by the shift register SR1 may be lessened.
[0058] The following operations of the shifi register SR1,in
the subsequent frame periods (after the timing t9) may be
referred to as those provided above during the frame periods
from t5 to t7 and from t7 to t9 and thus will not be further
described. Besides, the operational principle of the i”* stage
shift register SR1, is explained in the previous exemplary
embodiment; since the operational principles of other shift
registers are similar to that of the i* stage shift register SR1,,
no further explanation will be provided hereinafter.

[0059] Given the structure depicted in FIG. 4, the first and
second discharge units 332 and 334 are able to control the
shift registers SR11 to SR1,, by means of a small number of
signals (i.e., the pre-charge signal PCS and the first/second
level signal VPWL1/VPWL2); compared to the conventional
shift register, the shift register provided herein may be con-
trolled in a much simple manner.

[0060] From another perspective, in case of the pixel-driv-
ing manner in the reverse scan order, the shift registers SR1,
to SR1,,receive the high-level backward input signal BW and
the low-level forward input signal FW, and the shift register
SR1, receives the first level signal VPWL1 and the second
level signal VPWL2. Here, the phase of the first level signal
VPWL1 and the phase of the second level signal VPW1.2 are
inverse to each other. Here, the waveforms of the clock signals
CLK1_L to CLK4_L and the start pulse signals STV1_L and
STV2_L provided by the timing controller 122 are exemplar-
ily shown in FIG. 6A. The difference in the embodiments
respectively depicted in FIG. 6 A and FIG. 5A lies in that each
of the clock signals CLK1_L to CLK4_L which differs in
phase by 90 degrees one after another is generated by the
timing controller 122 in the order of CLK2_L—CLK1_
L—CLK4_L—-=CLK3_L (in case of the pixel-driving manner
in the forward scan order, the timing controller 122 generates
the clock signals in the order of CLK3 L—CLK4_
L—CLK1_L—=CLK2_L). Besides, in the present embodi-
ment, the enabling time of the first pulse of the clock signal
CLK2_L within one frame period is earlier than the enabling
time of the start pulse signal STV1_L. and is overlapped with
the enabling time of the start pulse signal STV1_L by 50%.

[0061] Specifically, in case of the pixel-driving manner in
the reverse scan order, the predetermined clock signal PCK of
the exemplary shift registers SR, SRy_;, SRy, and SR, 5
is the clock signals CLK2_ [, CLK1_I, CLK4_I, and
CLK3_L sequentially. Note that the order of the stages of the
shift registers SR1, to ~SR1,,is defined by the forward scan
order (i.e., from top to bottom), which should however not be
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construed as a limitation to the invention. That is, in case of
the pixel-driving manner in the reverse scan order, the order
of the stages of the shift registers SR1, to ~SR1,, may be
defined by the reverse scan order (i.e., from bottom to top).
For instance, the shift registers SR1,, SR1,, ,,...,and SR1,
shown in FIG. 2A may sequentially defined as the first stage,
the second stage, . . ., and the N” stage shift register.

[0062] FIG. 5B and FIG. 6B are schematic signal timing
diagrams of the bidirectional shift register device 112_R in
case of the pixel-driving manner in the forward scan order and
in the reverse scan order, respectively. With reference to FIG.
2B and FIG. 5B together, in the present embodiment, the
structures and the operational principles of the bidirectional
shift register device 112_R and its shift registers SR2, to
SR2,,are the same as those of the bidirectional shift register
device 112_1.. The difference between the bidirectional shift
register devices 112_R and 112_1 lies in that the pixels in the
even columns in the display area AA are sequentially driven
by the bidirectional shift register devices 112_R according to
the start pulse signals STV1_R and STV2_R and the clock
signals CLK1_R to CLK4_R.

[0063] To be specific, as shown in FIG. 5A and FIG. 5B, in
case of the pixel-driving manner in the forward scan order, the
start pulse signals STV1_R and STV2_R respectively corre-
spond to the start pulse signals STV1_[.and STV2_I, and the
difference therebetween lies in that the phases of the start
pulse signals STV1_R and STV2_R respectively lag behind
the phases of the start pulse signals STV1_L and STV2_L by
45 degrees. That is, the enabling time of the start pulse signal
STV1_L is overlapped with the enabling time of the start
pulse signal STV1_R by 75%, and the enabling time of the
start pulse signal STV2_L is also overlapped with the
enabling time of the start pulse signal STV2_R by 75%.
Similarly, the clock signals CLK1_R to CLK4_R respec-
tively correspond to the clock signals CLK1_L to CLK4 [,
and the difference therebetween lies in that the phases of the
clock signals CLK1_R to CLK4_R respectively lag behind
the phases of the clock signals CLK1_I to CLK4_L by 45
degrees. That is, the enabling time of the clock signals
CLKI1_L to CLK4_L is respectively overlapped with the
enabling time of the corresponding clock signals CLK1_R to
CLK4_R by 75%. In view of the difference in the signal
timing, the bidirectional shift register device 112_R may
sequentially generate the scan signals SS; R to SS,, R to
drive the pixels in even columns, and the scan signals SS, R
t0 SS,, Randthescansignals SS, LtoSS,, L differin phase
to certain extent. Thereby, adjacent pixels in each column
may be sequentially turned on at certain time intervals (e.g.,
half the frame period from t1 to t2).

[0064] Besides, from the descriptions provided in the
embodiments shown in FIG. 2A to FIG. 6A, people skilled in
the art, after referring to FIG. 6 A, should be able to learn the
operational principle of the bidirectional shift register device
112_R and those of the shift registers SR2, to SR2,,in case of
the pixel-driving manner in the reverse scan order, and there-
fore no further explanation is provided hereinafter.

[0065] To sum up, anembodiment of the invention provides
an LCD and its bidirectional shift register device. The bidi-
rectional shift register device is capable of discharging nodes
by means of the voltage-dividing signals generated in the
discharge units, so as to stably control the level of the scan
signal output by each shift register and further prevent the
significant difference in the width of each transistor in the
shift registers. As a result, if the shift registers described in the
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embodiment of the invention are applied, small components
bearing large current load are less likely to be damaged, and
the reliability of the bidirectional shift register device can be
further improved. Moreover, since there is no significant dif-
ference in the width of each transistor in the shift registers
described herein, the circuit layout may be more flexible, and
the circuit layout area of the shift register device may be
further reduced.

[0066] Although the invention has been described with ref-
erence to the above embodiments, it will be apparent to one of
ordinary skill in the art that modifications to the described
embodiments may be made without departing from the spirit
of the invention. Accordingly, the scope of the invention will
be defined by the attached claims and not by the above
detailed descriptions.

What is claimed is:

1. A bidirectional shift register device, comprising:

N stages of shift registers connected together in series,
wherein an i stage shift register of the shift registers
comprises:

a pre-charge unit receiving an output of an (i-2)* stage
shift register and an output of an (i+2)” stage shift
register of the shift registers and outputting a pre-
charge signal according to the outputs of the (i-2)"
and (i+2)” stage shift registers, wherein N is a prede-
termined positive integer, and i is a positive integer
larger than or equal to 3 and smaller than or equal to
N-2;

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

a pull-down unit coupled to the pre-charge unit and the
pull-up unit, the pull-down unit comprising:

a first discharge unit receiving the pre-charge signal
and a first level signal and determining whether to
pull the scan signal down to a reference voltage
potential according to the pre-charge signal and a
first voltage-dividing signal associated with the
first level signal; and

a second discharge unit receiving the pre-charge sig-
nal and a second level signal and determining
whether to pull the scan signal down to the refer-
ence voltage potential according to the pre-charge
signal and a second voltage-dividing signal associ-
ated with the second level signal.

2. The bidirectional shift register device as recited in claim

1, wherein the pre-charge unit of each of the N stages of shift
registers further receives a forward input signal and a back-
ward input signal, the bidirectional shift register device
sequentially outputs the scan signals in a first order or a
second order according to the forward input signal and the
backward input signal, and the second order is different from
the first order.

3. The bidirectional shift register device as recited in claim

2, wherein the pre-charge unit of the i stage shift register
comprises:

a first transistor, a gate of the first transistor receiving the
scan signal output by the (i-2)* stage shift register, a
first source/drain of the first transistor receiving the for-
ward input signal, a second source/drain of the first
transistor outputting the pre-charge signal; and
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asecond transistor, a gate ofthe second transistor receiving
the scan signal output by the (i+2)™ stage shift register, a
first source/drain of the second transistor being coupled
to the second source/drain of the first transistor, a second
source/drain of the second transistor receiving the back-
ward input signal.

4. The bidirectional shift register device as recited in claim
3, wherein the pull-up unit of the i stage shift register com-
prises:

a third transistor, a gate of the third transistor receiving the
pre-charge signal, a first source/drain of the third tran-
sistor receiving the predetermined clock signal, a second
source/drain of the third transistor outputting the scan
signal; and

a first capacitor, a first terminal of the first capacitor being
coupled to the gate of the third transistor, a second ter-
minal of the first capacitor being coupled to the second
source/drain of the third transistor.

5. The bidirectional shift register device as recited in claim
4, wherein the first discharge unit of the i stage shift register
comptrises:

a fourth transistor, a gate of the fourth transistor being
coupled to a first source/drain of the fourth transistor to
receive the first level signal, a second source/drain of the
fourth transistor outputting the first voltage-dividing
signal,

a fifth transistor, a gate of the fifth transistor receiving the
first voltage-dividing signal, a first source/drain of the
fifth transistor being coupled to the first source/drain of
the fourth transistor and receiving the first level signal,

a sixth transistor, a gate of the sixth transistor being
coupled to the second source/drain of the first transistor
and the first source/drain of the second transistor to
receive the pre-charge signal, a first source/drain of the
sixth transistor being coupled to the second source/drain
of the fourth transistor, a second source/drain of the sixth
transistor being coupled to the reference voltage poten-
tial;

a seventh transistor, a gate of the seventh transistor being
coupled to the second source/drain of the first transistor
and the first source/drain of the second transistor to
receive the pre-charge signal, a first source/drain of the
seventh transistor being coupled to a second source/
drain of the fifth transistor, a second source/drain of the
seventh transistor being coupled to the reference voltage
potential;

an eighth transistor, a gate of the eighth transistor being
coupled to the second source/drain of the fifth transistor
and the first source/drain of the seventh transistor, a first
source/drain of the eighth transistor being coupled to the
second source/drain of the first transistor and the first
source/drain of the second transistor, a second source/
drain of the eighth transistor being coupled to the refer-
ence voltage potential; and

a ninth transistor, a gate of the ninth transistor being
coupled to the gate of the eighth transistor, a first source/
drain of the ninth transistor being coupled to the second
source/drain of the third transistor, a second source/
drain of the ninth transistor being coupled to the refer-
ence voltage potential,

wherein the second discharge unit of the i” stage shift
register comprises:

a tenth transistor, a gate of the tenth transistor being
coupled to a first source/drain of the tenth transistor to
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receive the second level signal, a second source/drain of

the tenth transistor outputting the second voltage-divid-

ing signal;

an eleventh transistor, a gate of the eleventh transistor
receiving the second voltage-dividing signal, a first
source/drain of the eleventh transistor being coupled to
the first source/drain of the tenth transistor and receiving
the second level signal,

a twelfth transistor, a gate of the twelfth transistor being
coupled to the second source/drain of the first transistor
and the first source/drain of the second transistor to
receive the pre-charge signal, a first source/drain of the
twelfth transistor being coupled to the gate of the elev-
enth transistor, a second source/drain of the twelfth tran-
sistor being coupled to the reference voltage potential,

a thirteenth transistor, a gate of the thirteenth transistor
being coupled to the second source/drain of the first
transistor and the first source/drain of the second tran-
sistor to receive the pre-charge signal, a first source/
drain of the thirteenth transistor being coupled to a sec-
ond source/drain of the eleventh transistor, a second
source/drain of the thirteenth transistor being coupled to
the reference voltage potential;

a fourteenth transistor, a gate of the fourteenth transistor
being coupled to the second source/drain of the eleventh
transistor and the first source/drain of the thirteenth tran-
sistor, a first source/drain of the fourteenth transistor
being coupled to the gate of the twelfth transistor, a
second source/drain of the fourteenth transistor being
coupled to the reference voltage potential; and

a fifteenth transistor, a gate of the fifteenth transistor being
coupled to the gate of the fourteenth transistor, a first
source/drain of the fifteenth transistor being coupled to
the second source/drain of the third transistor, a second
source/drain of the fifteenth transistor being coupled to
the reference voltage potential.

6. A liquid crystal display, comprising:

a liquid crystal display panel comprising a substrate, a
plurality of pixels arranged in an array, a first bidirec-
tional shift register device, and a second bidirectional
shift register device, wherein the pixels, the first bidirec-
tional shift register device, and the second bidirectional
shift register device are located on the substrate,

the first bidirectional shift register device has N stages of
first shift registers connected together in series and cor-
responding to the pixels in odd columns, and an i stage
first shift register of the first shift registers comprises:

a first pre-charge unit receiving an output of an (i-2)”
stage first shift register and an output of an (i+2)”
stage first shift register of the first shift registers and
outputting a first pre-charge signal according to the
outputs of the (i-2)" and (i+2)" stage first shift reg-
isters, wherein N is a predetermined positive integer,
and i is a positive integer larger than or equal to 3 and
smaller than or equal to N=2;

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

a first pull-down unit coupled to the first pre-charge umt
and the first pull-up unit, the first pull-down unit com-
prising:
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a first discharge unit receiving the first pre-charge
signal and a first level signal and determining
whether to pull the first scan signal down to a ref-
erence voltage potential according to the first pre-
charge signal and a first voltage-dividing signal
associated with the first level signal; and

a second discharge unit receiving the first pre-charge
signal and a second level signal and determining
whether to pull the first scan signal down to the
reference voltage potential according to the first
pre-charge signal and a second voltage-dividing
signal associated with the second level signal,
wherein a phase of the first level signal and a phase
of the second level signal are inverse to each other,

wherein the second bidirectional shift register device has

M stages of second shift registers connected together in

series and corresponding to the pixels in even columns,

and a i stage second shift register of the second shift
registers comprises:

asecond pre-charge unit receiving an output of a (j-2)”
stage second shift register and an output of a (j+2)”
stage second shift register of the second shift registers
and outputting a second pre-charge signal according
to the outputs of the (j-2)™ and (j+2)” stage second
shift registers, wherein M is a predetermined positive
integer, and j is a positive integer larger than or equal
to 3 and smaller than or equal to M-2;

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

a second pull-down unit coupled to the second pre-
charge unit and the second pull-up unit, the second
pull-down unit comprising:

a third discharge unit receiving the second pre-charge
signal and a third level signal and determining
whether to pull the second scan signal down to the
reference voltage potential according to the second
pre-charge signal and a third voltage-dividing sig-
nal associated with the third level signal; and

a fourth discharge unit receiving the second pre-
charge signal and a fourth level signal and deter-
mining whether to pull the second scan signal down
to the reference voltage potential according to the
second pre-charge signal and a fourth voltage-di-
viding signal associated with the fourth level sig-
nal, wherein a phase of the third level signal and a
phase of the fourth level signal are inverse to each
other;

a driver circuit coupled to the liquid crystal display panel
for driving the liquid crystal display panel to display an
image, the driver circuit providing a plurality of prede-
termined clock signals as the first predetermined clock
signal and the second predetermined clock signal; and

abacklight module for providing a light source required by
the liquid crystal display panel.

7. The liquid crystal display as recited in claim 6, wherein
the first pre-charge unit of each of the first shift registers and
the second pre-charge unit of each of the second shift registers
further receive a forward input signal and a backward input
signal, the first bidirectional shift register device and the
second the bidirectional shift register device sequentially out-
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put the first scan signals and the second scan signals in a first
order or a second order according to the forward input signal
and the backward input signal, and the second order is differ-
ent from the first order.

8. The liquid crystal display as recited in claim 7, wherein

the i™ stage first shift register further comprises:

a first transistor, a gate of the first transistor receiving the
first scan signal output by the (i-2)" stage first shift
register, a first source/drain of the first transistor receiv-
ing the forward input signal, a second source/drain of the
first transistor outputting the first pre-charge signal;

asecond transistor, a gate ofthe second transistor receiving
the first scan signal output by the (i+2)" stage first shift
register, a first source/drain of the second transistor
being coupled to the second source/drain of the first
transistor, a second source/drain of the second transistor
receiving the backward input signal, wherein the first
transistor and the second transistor together constitute
the first pre-charge unit;

a third transistor, a gate of the third transistor receiving the
first pre-charge signal, a first source/drain of the third
transistor receiving the first predetermined clock signal,
a second source/drain of the third transistor outputting
the first scan signal;

a first capacitor, a first terminal of the first capacitor being
coupled to the gate of the third transistor, a second ter-
minal of the first capacitor being coupled to the second
source/drain of the third transistor, wherein the third
transistor and the first capacitor together constitute the
first pull-up unit;

a fourth transistor, a gate of the fourth transistor being
coupled to a first source/drain of the fourth transistor to
receive the first level signal, a second source/drain of the
fourth transistor outputting the first voltage-dividing
signal;

a fifth transistor, a gate of the fifth transistor receiving the
first voltage-dividing signal, a first source/drain of the
fifth transistor being coupled to the first source/drain of
the fourth transistor and receiving the first level signal,

a sixth transistor, a gate of the sixth transistor being
coupled to the second source/drain of the first transistor
and the first source/drain of the second transistor to
receive the first pre-charge signal, a first source/drain of
the sixth transistor being coupled to the second source/
drain of the fourth transistor, a second source/drain of
the sixth transistor being coupled to the reference volt-
age potential,

a seventh transistor, a gate of the seventh transistor being
coupled to the second source/drain of the first transistor
and the first source/drain of the second transistor to
receive the first pre-charge signal, a first source/drain of
the seventh transistor being coupled to the second
source/drain of the fifth transistor, a second source/drain
of the seventh transistor being coupled to the reference
voltage potential,

an eighth transistor, a gate of the eighth transistor being
coupled to the second source/drain of the fifth transistor
and the first source/drain of the seventh transistor, a first
source/drain of the eighth transistor being coupled to the
second source/drain of the first transistor and the first
source/drain of the second transistor, a second source/
drain of the eighth transistor being coupled to the refer-
ence voltage potential;
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a ninth transistor, a gate of the ninth transistor being
coupled to the gate of the eighth transistor, a first source/
drain of the ninth transistor being coupled to the second
source/drain of the third transistor, a second source/
drain of the ninth transistor being coupled to the refer-
ence voltage potential, wherein the fourth transistor, the
fifth transistor, the sixth transistor, the seventh transistor,
the eighth transistor, and the ninth transistor together
constitute the first discharge unit;

a tenth transistor, a gate of the tenth transistor being
coupled to a first source/drain of the tenth transistor to
receive the second level signal, a second source/drain of
the tenth transistor outputting the second voltage-divid-
ing signal;

an eleventh transistor, a gate of the eleventh transistor
receiving the second voltage-dividing signal, a first
source/drain of the eleventh transistor being coupled to
the first source/drain of the tenth transistor and receiving
the second level signal;

a twelfth transistor, a gate of the twelfth transistor being
coupled to the second source/drain of the first transistor
and the first source/drain of the second transistor to
receive the first pre-charge signal, a first source/drain of
the twelfth transistor being coupled to the gate of the
eleventh transistor, a second source/drain of the twelfth
transistor being coupled to the reference voltage poten-
tial;

a thirteenth transistor, a gate of the thirteenth transistor
being coupled to the second source/drain of the first
transistor and the first source/drain of the second tran-
sistor to receive the first pre-charge signal, a first source/
drain of the thirteenth transistor being coupled to a sec-
ond source/drain of the eleventh transistor, a second
source/drain of the thirteenth transistor being coupled to
the reference voltage potential;

a fourteenth transistor, a gate of the fourteenth transistor
being coupled to the second source/drain of the eleventh
transistor and the first source/drain of the thirteenth tran-
sistor, a first source/drain of the fourteenth transistor
being coupled to the gate of the twelfth transistor, a
second source/drain of the fourteenth transistor being
coupled to the reference voltage potential; and

a fifteenth transistor, a gate of the fifteenth transistor being
coupled to the gate of the fourteenth transistor, a first
source/drain of the fifteenth transistor being coupled to
the second source/drain of the third transistor, a second
source/drain of the fifteenth transistor being coupled to
the reference voltage potential, wherein the tenth tran-
sistor, the eleventh transistor, the twelfth transistor, the
thirteenth transistor, the fourteenth transistor, and the
fifteenth transistor together constitute the second dis-
charge unit.

9. The liquid crystal display as recited in claim 8, wherein

the j* stage second shift register further comprises:

a sixteenth transistor, a gate of the sixteenth transistor
receiving the second scan signal output by the (j-2)"
stage second shift register, a first source/drain of the
sixteenth transistor receiving the forward input signal, a
second source/drain of the sixteenth transistor output-
ting the second pre-charge signal;

aseventeenth transistor, a gate of the seventeenth transistor
receiving the second scan signal output by the (j+2)
stage second shift register, a first source/drain of the
seventeenth transistor being coupled to the second
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source/drain of the sixteenth transistor, a second source/
drain of the seventeenth transistor receiving the back-
ward input signal, wherein the sixteenth transistor and
the seventeenth transistor together constitute the second
pre-charge unit;

an eighteenth transistor, a gate of the eighteenth transistor
receiving the second pre-charge signal, a first source/
drain of the eighteenth transistor receiving the second
predetermined clock signal, a second source/drain ofthe
eighteenth transistor outputting the second scan signal;

a second capacitor, a first terminal of the second capacitor
being coupled to the gate of the eighteenth transistor, a
second terminal of the second capacitor being coupled to
the second source/drain of the eighteenth transistor,
wherein the eighteenth transistor and the second capaci-
tor together constitute the second pull-up unit;

a nineteenth transistor, a gate of the nineteenth transistor
being coupled to a first source/drain of the nineteenth
transistor to receive the third level signal, a second
source/drain of the nineteenth transistor cutputting the
third voltage-dividing signal;

a twentieth transistor, a gate of the twentieth transistor
receiving the third voltage-dividing signal, a first source/
drain ofthe twentieth transistor being coupled to the first
source/drain of the nineteenth transistor and receiving
the third level signal;

a twenty-first transistor, a gate of the twenty-first transistor
being coupled to the second source/drain of the sixteenth
transistor and the first source/drain of the seventeenth
transistor to receive the second pre-charge signal, a first
source/drain of the twenty-first transistor being coupled
to the second source/drain of the nineteenth transistor, a
second source/drain of the twenty-first transistor being
coupled to the reference voltage potential;

a twenty-second transistor, a gate of the twenty-second
transistor being coupled to the second source/drain of
the sixteenth transistor and the first source/drain of the
seventeenth transistor to receive the second pre-charge
signal, a first source/drain of the twenty-second transis-
tor being coupled to a second source/drain of the twen-
tieth transistor, a second source/drain of the twenty-
second transistor being coupled to the reference voltage
potential;

a twenty-third transistor, a gate of the eighth transistor
being coupled to the second source/drain of the twenti-
eth transistor and the first source/drain of the twenty-
second transistor, a first source/drain of the twenty-third
transistor being coupled to the second source/drain of
the first transistor and the first source/drain of the sev-
enteenth transistor, a second source/drain of the twenty-
third transistor being coupled to the reference voltage
potential;

a twenty-fourth transistor, a gate of the twenty-fourth tran-
sistor being coupled to the gate of the twenty-third tran-
sistor, a first source/drain of the twenty-fourth transistor
being coupled to the second source/drain of the eigh-
teenth transistor, a second source/drain of the twenty-
fourth transistor being coupled to the reference voltage
potential, wherein the nineteenth transistor, the twenti-
eth transistor, the twenty-first transistor, the twenty-sec-
ond ftransistor, the twenty-third transistor, and the
twenty-fourth transistor together constitute the third dis-
charge unit;
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atwenty-fifth transistor, a gate of the twenty-fifth transistor
being coupled to a first source/drain of the twenty-fitth
transistor to receive the fourth level signal, a second
source/drain of the twenty-fifth transistor outputting the
fourth voltage-dividing signal;

atwenty-sixth transistor, a gate of the twenty-sixth transis-
tor receiving the fourth voltage-dividing signal, a first
source/drain of the twenty-sixth transistor being
coupled to the first source/drain of the twenty-fifth tran-
sistor and receiving the fourth level signal;

a twenty-seventh transistor, a gate of the twenty-seventh
transistor being coupled to the second source/drain of
the sixteenth transistor and the first source/drain of the
seventeenth transistor to receive the second pre-charge
signal, a first source/drain of the twenty-seventh transis-
tor being coupled to the gate of the twenty-sixth transis-
tor, a second source/drain of the twenty-seventh transis-
tor being coupled to the reference voltage potential;

atwenty-eighth transistor, a gate of the twenty-eighth tran-
sistor being coupled to the second source/drain of the
sixteenth transistor and the first source/drain of the sev-
enteenth transistor to receive the second pre-charge sig-
nal, a first source/drain of the twenty-eighth transistor
being coupled to a second source/drain of the twenty-
sixth transistor, a second source/drain of the twenty-
eighth transistor being coupled to the reference voltage
potential;

a twenty-ninth transistor, a gate of the twenty-ninth tran-
sistor being coupled to the second source/drain of the
twenty-seventh transistor and the first source/drain of
the twenty-eighth transistor, a first source/drain of the

11
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twenty-ninth transistor being coupled to the gate of the
twenty-seventh transistor, a second source/drain of the
twenty-ninth transistor being coupled to the reference
voltage potential; and

a thirtieth transistor, a gate of the thirty transistor being
coupled to the gate of the twenty-ninth transistor, a first
source/drain of the thirty transistor being coupled to the
second source/drain of the eighteenth transistor, a sec-
ond source/drain of the thirtieth transistor being coupled
to the reference voltage potential, wherein the twenty-
fifth transistor, the twenty-sixth transistor, the twenty-
seventh transistor, the twenty-eighth transistor, the
twenty-ninth transistor, and the thirtieth transistor
together constitute the fourth discharge unit.

10. The liquid crystal display as recited in claim 6, wherein
each of a first stage, a second stage, an (N-1)” stage, and an
N stage first shift registers respectively includes the first
pre-charge unit, the first pull-up unit, and the first pull-down
unit, circuit structures of the first pre-charge unit, the first
pull-up unit, and the first pull-down unit are identical to a
circuit structure of the i stage first shift register, each ofa first
stage, a second stage, an (M-1)" stage, and an M™ stage
second shift registers respectively includes the second pre-
charge unit, the second pull-up unit, and the second pull-
down unit, circuit structures of the second pre-charge unit, the
second pull-up unit, and the second pull-down unit are iden-
tical to a circuit structure of the j* stage second shift register,
and the first stage, the second stage, the (M-1)" stage, and the
M stage second shift registers are all dummy shift registers.
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