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GATE DRIVER FOR DRIVING GATE LINES
OF DISPLAY DEVICE AND METHOD FOR
DRIVING THE SAME

This application claims the benefit of the Korean Patent
Application No. P2005-0058609, filed on Jun. 30, 2005,
which is hereby incorporated by reference as if fully set forth
herein.

TECHNICAL FIELD

The present application relates to a driving circuit of a
display device, and more particularly, to a driving circuit of a
display device which is capable of sequentially outputting
scan pulses having an increased pulse width, and a method for
driving the display device.

BACKGROUND

Liquid crystal display (LCD) devices display an image by
controlling the light transmittance of liquid crystal using an
electric field. Such an LCD device includes an LCD panel
having pixel regions arranged in the form of a matrix, and a
driving circuit for driving the LCD panel.

In the LCD panel, a plurality of gate lines and a plurality of
data lines are arranged such that they cross each other. The
pixel regions of the LCD panel are arranged at regions defined
by the crossing gate lines and data lines. Pixel electrodes and
a common electrode are formed in the liquid crystal panel, to
apply an electric field to each pixel region.

Each pixel electrode is connected to an associated one of
the data lines via source and drain electrodes of a thin film
transistor (TFT) which functions as a switching element. The
TFT is turned on by a scan pulse applied to the gate electrode
of the TFT via the associated gate line, to enable the pixel
electrode to be charged with a data signal from the associated
data line.

The driving circuit includes a gate driver for driving the
gate lines, a data driver for driving the data lines, a timing
controller for supplying control signals for control of the gate
driver and data driver, and a power supply for supplying
various drive voltages used in the LCD device.

The timing controller controls drive timings of the gate
driver and data driver, and supplies a pixel data signal to the
data driver. The power supply boosts or reduces an input
voltage, to generate drive voltages such as a common voltage
VCOM, a gate-high-voltage signal VGH, and a gate-low-
voltage signal VGL. The gate driver sequentially supplies
scan pulses to the gate lines, to enable liquid crystal cells of
the LCD panel to be sequentially driven on a line-by-line
basis. The data driver supplies a pixel voltage signal to each
data line every time a scan pulse is supplied to one of the gate
lines. In this manner, the LCD device displays an image by
controlling the light transmittance of each liquid crystal cell
by an electric field applied between the associated pixel elec-
trode and the common electrode in accordance with a pixel
voltage signal applied to the data line associated with the
liquid crystal cell.

In order to sequentially output scan pulses, the gate driver
includes a shift register such as is shown in FIG. 1. The shift
register includes n stages AST1 to ASTn and one dummy
stage ASTn+1 which are connected in series. The stages
AST1 to ASTn+1 output scan pulses Voutl to Voutn+l,
respectively. That is, the scan pulses Voutl to Voutn+1 are
output in a sequential manner from the stages AST1to ASTn+
1, starting from the first stage AST1, and ending at the dummy
stage ASTn+1. The scan pulses Voutl to Voutn output from
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the stages AST1t0 ASTn, except for the dummy stage ASTn+
1, are sequentially supplied to gate lines of a liquid crystal
panel (not shown), respectively, to cause the gate lines to be
sequentially scanned.

Each of the stages AST1 to ASTn+1 of the shift register
receives a first voltage VDD, a second voltage VSS, and two
of first through fourth clock pulses CLK1 to CLK4. Succes-
sive clock pulses of the first through fourth clock pulses
CLK1 to CLLK4 have a phase difference from each other. The
first voltage VDD is a positive voltage, whereas the second
voltage VSS is a ground voltage.

The first stage AST1, which is arranged upstream from the
remaining stages AST1 to ASTn+1, receives a start pulse SP,
in addition to the first voltage VDD, second voltage VSS, and
two clock pulses.

In an LCD device having an increased display area, gate
lines thereof have an increased length. As the length of the
gate lines increases, the resistance and capacitance compo-
nents of the gate lines are increased. Scan pulses supplied to
the gate lines may be distorted by the increased resistance and
capacitance components. In FIG. 2, shows an ideal scan pulse
201 where it is assumed that there are no resistance and
capacitance components in the associated gate line. On the
other hand, resistance and capacitance components of the
associated gate line increase the rise time TR of the scan pulse
resulting in a distorted pulse 202, Since the distorted scan
pulse 202 has an increased rise time TR, as compared to the
ideal scan pulse 201, the effective charging time TS, for
which the scan pulse is maintained at a target voltage VT, is
shortened. When the scan pulse 202, which has a distorted
waveform, as mentioned above, is applied to the gate elec-
trode of the associated TFT, the turn-on time of the TFT is
reduced, thereby reducing the time duration of the data volt-
age supplied from the associated data line by the turned-on
TFT. As a result, the waveform of the data voltage applied to
the associated pixel electrode via the drain/source terminal of
the turned-on TFT is distorted, and the data voltage is insuf-
ficiently charged in the pixel electrode.

SUMMARY

A driving circuit for a display device is disclosed which is
capable of sequentially outputting scan pulses having an
increased pulse width, such that successive ones of the scan
pulses are overlapped with each other for a predetermined
time, to increase the effective charging time for which the
scan pulses are maintained at a target voltage, and, a method
for driving the display device.

inan aspect, a driving circuit of a display device comprises:
a first shift register for sequentially supplying first scan pulses
to one-side of the ends of gate lines included in a display, to
sequentially drive the gate lines, the first shift register simul-
taneously driving at least two adjacent gate lines for a prede-
termined period of time; and, a second shift register for
sequentially supplying second scan pulses to the other-side
ends of the gate lines, to sequentially drive the gate lines, the
second shift register simultaneously driving at least two adja-
cent gate lines for a predetermined period of time.

In another aspect, a method for driving a display device
includes the steps of: sequentially supplying first scan pulses
to one-side of the ends of gate lines in a display, to sequen-
tially drive the gate lines, and to simultaneously drive at least
two adjacent gate lines for a predetermined period of time;
and sequentially supplying second scan pulses to the other-
side of the ends of the gate lines, to sequentially drive the gate
lines, to simultaneously drive at least two adjacent gate lines
for a predetermined period of time.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating a conventional shift regis-
ter,

FIG. 2 is a waveform diagram illustrating waveforms of an
ideal scan pulse and a distorted scan pulse;

FIG. 3 is a block diagram illustrating a configuration of a
shift register according to a first embodiment;

FIG. 4 is a timing diagram of first through fourth clock
pulses and first through fourth scan pulses;

FIG. 5 is a waveform diagram explaining comparison of
scan pulses with conventional scan pulses;

FIGS. 6A and 6B are waveform diagrams illustrating simu-
lated waveforms of the scan pulses and simulated waveforms
of the conventional scan pulses, respectively;

FIG. 7 is a circuit diagram illustrating a circuit included in
a third stage of a first shift register shown in FIG. 3;

FIG. 8 is a circuit diagram illustrating first through third
stages of the first shift register, each of which has a circuit
configuration shown in FIG. 7,

FIG. 9 is a circuit diagram illustrating a circuit configura-
tion included in the third stage of the first shift register shown
in FIG. 3;

FIGS. 10A and 10B are circuit diagrams illustrating the
first through third stages of the first shift register, each of
which has a circuit configuration shown in FIG. 9;

FIG. 11 is a block diagram illustrating a shift register
according to a second embodiment;

FIG. 12 1s a circuit diagram illustrating a circuit included in
the third stage of the first shift register shown in FIG. 11; and

FIGS. 13A and 13B are circuit diagrams illustrating the
third stage of the first shift register having the circuit configu-
ration shown in F1G. 12.

DETAILED DESCRIPTION

Reference will now be made in detail to the exemplary
embodiments of the present invention, which are illustrated in
the accompanying drawings. Wherever possible, the same
reference numbers will be used throughout the drawings to
refer to the same or like parts.

As shown in FIG. 3, the shift register according to the first
embodiment, which may be incorporated in an LCD device,
the shift register outputs a plurality of scan pulses Voutl to
Voutn to gate lines GL1 to GLn of an LCD panel 300 in a
sequential manner in response to associated ones of clock
pulses CLK1 to CLK4 and a start pulse SP, respectively, while
increasing the pulse width of each of the scan pulses Voutl to
Voutn such that successive scan pulses Voutl to Voutn are
overlapped with each other for a predetermined time.

The shift register may be divided into two shift registers:
namely, first and second shift registers 301a and 3014. The
first shift register 301a, which is arranged at the left side of the
LCD panel 300, supplies a scan pulse to one end of each of the
gate lines GL1 to GLn. The second shift register 3015, which
is arranged at the right side of the LCD panel 300, supplies a
scan pulse to the other end of each of the gate lines GL1 to
GLn.

Inorder to reduce the size of the display device, the first and
second shift registers 301a and 3015 may be incorporated into
the LCD panel 300.

The LCD panel 300 includes a plurality of gate lines GL.1
to GLn which extend in parallel in one direction, and a plu-
rality of data lines DL1 to DL.m which extend in parallel in a
direction orthogonal to the gate lines GL1 to GLn. Each of the
data lines DL1 to DLm may be charged with a data voltage
output from the data driver. A TFT switch and a pixel elec-

10

15

20

25

35

40

45

50

60

65

4

trode are formed at each pixel region defined by an associated
one of the gate lines GL1 to GLn and an associated one of the
data lines DL1 to DLn.

The TFT is formed near a region where the one of the gate
lines GL1 to GLn and the associated one of the data lines DL1
to DLm cross each other. The TFT switches the data voltage
charged in the associated one of the data lines D1 to DLm in
response to an associated one of the scan pulses Voutl to
Voutn charged in the associated one of the gate lines GL1 to
GLn, to apply the data voltage to the associated pixel elec-
trode. In this manner the pixels of an image may be displayed
on the LCD panel 300.

The first shift register 301a includes n stages BST1 to
BSTn, a first dummy stage BSTn+1, and a second dummy
stage BSTn+2, which are connected in series. The stages
BST1 to BSTn+2 output scan pulses Voutl to Voutn+2,
respectively, in a sequential manner from the stages BST1 to
BSTn+2, starting from the first stage BST1, and ending at the
second dummy stage BSTn+2. The scan pulses are sequen-
tially supplied to the gate lines GL1 to GLn of the LCD panel
300 respectively, to cause the gate lines GL.1 to GLn to be
sequentially scanned.

The second shift register 3015 has the same configuration
as the first shift register 301a. Accordingly, the scan pulses
Voutl to Voutn+2 output from the stages BST1 to BSTn+2 of
the first shift register 301a are identical to scan pulses Voutl
to Voutn+2 output from stages BST1 to BSTn+2 of the second
shift register 3015, respectively. For example, the first scan
pulse Voutl output from the first stage BST1 of the first shift
register 301a is supplied to the first gate line GL1 at the same
time as the first scan pulse Voutl output from the first stage
BST1 ofthe second shift register 3015. Thus, the stages BST1
to BSTn+2 of the first shift register 301a correspond to the
stages BST1 to BSTn+2 of the second shift register 3015 such
that they output the same scan pulses Voutl to Voutn+2,
respectively. However, each of the stages BST1 to BSTa
included in the first shift register 301a applies the scan pulses
Voutl to Voutn to one end of an associated one of the gate
lines GL1 to GLn, whereas each of the stages BST1 to BSTn
included in the second shift register 3015 applies an associ-
ated one of the scan pulses Vout1 to Voutn to the correspond-
ing other end of the gate lines GL1 to GLn.

Each of the stages BST1 to BSTn+2 of the first shift reg-
ister 301a receives first through fourth voltages VDD, VSS,
VDD3, and VDD4, and one of first through fourth clock
pulses CLK1 to CLK4 which arranged to have a phase dif-
ference between successive ones thereof. The first voltage
VDD may bea DC voltage having a positive polarity, whereas
the second voltage VSS may be a voltage having a negative
polarity. Each of the third and fourth voltages VDD3 and
VDD4 may be an AC voltage which may alternate in polarity
on a frame-by-frame basis. The third and fourth voltages
VDD3 and VDD4 have different polarities in the same frame.

The first stage BST1, which is arranged upstream from the
remaining stages BST2 to BSTn in the first shift register
301a, receives a start pulse SP, in addition to the first through
fourth voltages VDD, VSS, VDD3, and VDD4, and two of the
first through fourth clock pulses CLK1 to CLK4.

As described above, the first through fourth clock pulses
CLK1 to CLK4 are output after being time (phase)-delayed
with respect one another. That is, the second clock pulse
CLK2 is output after being time-delayed from the first clock
pulse CLK1. The third clock pulse CLK3 is output afier being
time-delayed from the second clock pulse CLK2. The fourth
clock pulse CLK4 is output after being time-delayed from the
third clock pulse CLK3.
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Start pulse SP, applied to the first stage BST1 in the first
shift register 301q, is output earlier than the clock pulses
CLK1 to CLK4. The start pulse SP is output once for each
frame. That is, for each frame, the start pulse SP is first output,
and then the first through fourth clock pulses CLK1 to CLK4
are sequentially output in a repetitive manner. Accordingly,
the first clock pulse CLK1 is output in a period between the
point of time when the fourth clock pulse CLK4 is output and
the point oftime when the second clock pulse CLK?2 is output.
The fourth clock pulse CLK4 may be output in synchronism
with the start pulse SP. In this case, the fourth clock pulse
CLK4 is output earlier than the first through third clock pulses
CLK1 to CLK3.

The first shift register 301¢ may use two or more clock
pulses. That is, the first shift register 301a may use only two
of the first through fourth clock pulses CLK1 to CLK4, for
example, the first and second clock pulses CLK1 and CL.K2,
or may use only three of the first through fourth clock pulses
CLK1 to CLK4, for example, the first through third clock
pulses CLK1 to CLK3. Alternatively, the first shift register
301a may use at least five clock pulses which are sequentially
output.

The second shift register 3015 has the same configuration
as the first shift register 301a.

Since the first and second shift registers 301a and 3015
operate in the same manner, the following description will be
given only in conjunction with the first shift register 301a.

When a start pulse SP from the timing controller is first
input to the first stage BST1, the first stage BST1 is enabled in
response to the start pulse SP. Thereafter, the enabled first
stage BST1 receives a first clock pulse CLK1 from the timing
controller, and outputs the first clock pulse CLK1 as a first
scan pulse Voutl. The first scan pulse Voutl from the first
stage BST1 is supplied to the first gate line GL1 and second
stage BST2. In response to the first scan pulse Voutl, the
second stage BST2 is enabled. Thereafter, the enabled second
stage BST2 receives a second clock pulse CLK2 from the
timing controller, and outputs the second clock pulse CLK2
as a second scan pulse Vout2. The second scan pulse Vout2
from the second stage BST2 is supplied to the second gate line
GL2 and third stage BST3. In response to the second scan
pulse Vout2, the third stage BST3 is enabled. Subsequently,
the enabled third stage BST3 receives a third clock pulse
CLK3 from the timing controller, and outputs the third clock
pulse CLK3 as a third scan pulse Vout3. The third scan pulse
Vout3 from the third stage BST3 is supplied to the third gate
line GL3, fourth stage BST4, and first stage BST1. In
response to the third scan pulse Vout3, the fourth stage BST4
is enabled. Also, the first stage BST1 supplies the third volt-
age VSSto the first gate line GL1 in response to the third scan
pulse Vout3. Thereafter, the enabled fourth stage BST4
receives a fourth clock pulse CLK4 from the timing control-
ler, and outputs the fourth clock pulse CLK4 as a fourth scan
pulse Voutd. The fourth scan pulse Voutd4 from the fourth
stage BST4 is supplied to the fourth gate line G4 and fifth
stage BSTS. In response to the fourth scan pulse Voutd, the
fifth stage BST5 is enabled. The enabled fifth stage BST5
receives a first clock pulse CLK1 from the timing controller,
and outputs the first clock pulse CLK1 as a fifth scan pulse
Vout5. The fifth scan pulse Vout5 from the fifth stage BSTS is
supplied to the fifth gate line GL5, sixth stage BST®6, and third
stage BST3. In response to the fifth scan pulse Vout5, the sixth
stage BST6 is enabled. Also, the third stage BST3 supplies the
third voltage VSS to the third gate line GL3 in response to the
fifth scan pulse Vout5. In such a manner, sixth through n-th
scan pulses Vouté to Voutn are sequentially output from the
sixth through n-th stages BST6 to BSTn, respectively. The
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sixth through n-th scan pulses Vout6 to Voutn are sequentially
supplied to the sixth through n-th gate lines GL6 to GLn,
respectively.

The scan pulses have a pulse width such that successive
ones of the scan pulses are overlapped with each other for a
predetermined width. In this example, the first dummy stage
BSTn+1 supplies an n+1-th scan pulse Voutn+1 to the n-1-th
stage BSTn-1, whereas the second dummy stage BSTn+2
functions to supply an n+2-th scan pulse Voutn+2 to the n-th
stage BSTn. That is, the n+1-th and n+2-th scan pulses
Voutn+1 and Voutn+2 output from the first and second
dummy stages BSTn+1 and BSTn+2 are not supplied to any
gate lines. The n+1-th and n+2-th scan pulses Voutn+1 and
Voutn+2 function as dummy outputs for enabling the n-1-th
and n-th stages BSTn-1 and BSTn to output the second
voltage VSS, respectively.

Thus, the stages BST1 to BSTn output the scan pulses
Voutl to Voutn, to sequentially supply the scan pulses Voutl
to Voutn to the gate lines GL1 to GLn, respectively. At the
same time, each of the stages BST1 to BSTn supplies an
associated one of the scan pulses Voutl to Voutn to the down-
stream stage to an enable the stage, equivalent to an individual
start pulse SP. Each of the stages BST1 to BSTn supplies the
second voltage VSS to the associated gate line in response to
the scan pulse output from the downstream stage.

The second shift register 3015 operates in the same manner
as the first shift register 301a. However, each of the stages
BST1 to BSTn included in the second shift register 3015
supplies an associated one of the scan pulses Vout1 to Voutn
to the other end of an associated one of the gate lines GL1 to
GLn,

Each of the stages BST1 to BSTn included in each of the
firstand second shift registers 301a and 3015 does not receive
the scan pulse output from the first downstream stage, but
receives the scan pulse output from the second downstream
stage.

Since the scan pulses Voutl to Voutn have the same wave-
form, the following description will be given only in conjunc-
tion with the first through fourth scan pulses Voutl to Voutd.

As shown in FIG. 4, each of the first through fourth scan
pulses Vout1 to Voutd may have a pulse width which may be
divided into a pre-charging period A and an effective charging
period B. The pre-charging period A of each of the scan pulses
Voutl to Voutd is overlapped in time with the effective charg-
ing period B of the previous scan pulse. Also, the effective
charging period B of each of the scan pulses Vout1 to Voutd is
overlapped in time with the pre-charging period A of the next
scan pulse. Accordingly, each of the scan pulses Voutl to
Voutd begins to be output in the effective charging period B of
the previous scan pulse, and may reach a target voltage VT in
the effective charging period B of the associated scan pulse.

The first scan pulse Voutl begins to be output in one period
of the start pulse SP corresponding to the pre-charging period
A of the first scan pulse Voutl, and is maintained at the target
voltage VT in the effective charging period B of the first scan
pulse Voutl. The second scan pulse Vout2 begins to be output
in the effective charging period B of the first scan pulse Voutl
corresponding to the pre-charging period A of the second scan
pulse Vout2, and is maintained at the target voltage VT in the
effective charging period B of the second scan pulse Vout2.
The third scan pulse Vout3 begins to be output in the effective
charging period B of the second scan pulse Vout2 correspond-
ing to the pre-charging period A of the third scan pulse Vout3,
and is maintained at the target voltage VT in the effective
charging period B of the third scan pulse Vout3. The fourth
scan pulse Vout4 begins to be output in the effective charging
period B of the third scan pulse Vout3 corresponding to the
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pre-charging period A of the fourth scan pulse Voutd, and is
maintained at the target voltage VT in the effective charging
period B of the fourth scan pulse Voutd.

Thus, each of the scan pulses Voutl to Vout4 has a pulse
width larger than that of the conventional scan pulses by a
pulse width corresponding to the pre-charging period A.
Accordingly, the turn-on duration of the TFTs of the liquid
crystal panel 300, which receive the scan pulses Voutl to
Voutd, is increased.

Since each of the scan pulses Voutl to Voutd is output in
synchronism with an associated one of the first through fourth
clock pulses CLK1 to CLK4, successive ones of the first
through fourth clock pulses CLK1 to CLK4 are overlapped
with each other by a predetermined time equal to that of the
scan pulses Voutl to Vout4.

Since the first through fourth clock pulses CLK1 to CLK4
are continuously repeated while maintaining a predetermined
time difference between successive ones thereof, the first
clock pulse CLK1 is overlapped with the fourth clock pulse
CLK4.

FIG. 5 is a waveform diagram comparing the scan pulses
according to the present example with the conventional scan
pulses. FIGS. 6 A and 6B are waveform diagrams illustrating
simulated waveforms of the scan pulses according to the
present example and simulated waveforms of the conven-
tional scan pulses, respectively.

When the waveforms of the conventional scan pulses
Voutl' and Vout2' are distorted by resistance and capacitance
components of the associated gate lines, the rise time TR of
the conventional scan pulses Voutl' and Vout2' is increased.
As aresult, the effective charging time TS of the conventional
scan pulses Voutl' and Vout2', for which the scan pulses are
maintained at a target voltage VT, is shortened. Meanwhile, a
data voltage Data is applied to each data line while being
periodically varied in polarity between positive and negative
polarities. In this case, the effective charging time TS of the
scan pulses is shorter than the time 1H, for which the data
voltage Data is maintained at a positive polarity state, or for
which the data voltage Data is maintained at a negative polar-
ity state.

In the present example, however, the first scan pulse Voutl
begins to be output at a time within the period of the start pulse
SP (corresponding to the pre-charging period A of the first
scan pulse Voutl), and reaches a target voltage VT after being
gradually increased in voltage. Thereafter, the first scan pulse
Voutl is maintained at the target voltage VT for a time cor-
responding to the effective charging period B of the first scan
pulse Voutl. That is, the rise time TR of the first scan pulse
Voutl is not included in the time corresponding to the effec-
tive charging period B of the first scan pulse Voutl, but is
included in the time corresponding to the pre-charging period
A of the first scan pulse Voutl. Accordingly, the time corre-
sponding to the effective charging time B of the first scan
pulse Voutl is not reduced by the rise time TR. Similarly, the
second scan pulse Vout2 begins to be output a time within the
effective charging period B of the first scan pulse Voutl
(corresponding to the pre-charging period A of the second
scan pulse Vout2), and reaches the target voltage VT after
being gradually increased in voltage. Thereafter, the second
scan pulse Vout2 is maintained at the target voltage VT for a
time corresponding to the effective charging period B of the
second scan pulse Vout2. That is, the rise time TR of the
second scan pulse Vout2 is not included in the time corre-
sponding to the effective charging period B ofthe second scan
pulse Vout2, but is included in the time corresponding to the
pre-charging period A of the second scan pulse Vout2.
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Accordingly, the time corresponding to the effective charging
time B of the second scan pulse Vout2 is not reduced by the
rise time TR.

As shown in FIGS. 6A and 6B, the first and second scan
pulses of the present example Vout1 and Vout2 have an effec-
tive charging time TS longer than that of the conventional first
and second scan pulses Voutl' and Vout2'. Since the effective
charging time TS of the first and second scan pulses Vout1 and
Vout2 according to the present invention is longer than the
time 1H, for which the data voltage Data is maintained at a
positive or negative polarity state, the data voltage Data can
be effectively transferred to the associated pixel electrodes.

Since successive ones of the scan pulses Voutl to Voutn
have an overlapping pulse width period, there may be a prob-
lem occurring when each of the stages BST1 to BSTn+2
receives a scan pulse from the next downstream stage. For
example, if the second scan pulse Vout2 output from the
second stage BST2 is input to the first stage BST1, as in the
conventional arrangement, the first stage BST1, which out-
puts the first scan pulse Voutl, supplies the second voltage
VSS to the first gate line GL1 at a time within the effective
charging period B of the first scan pulse Voutl because the
first and second scan pulses Voutl and Vout2, which are
successively output, have an overlapping pulse width period.
Tha is, the first stage BST1 supplies the second voltage VSS
to the first gate line GL1 at the time when the second scan
pulse Vout2 is output (that is, a time within the pre-charging
period A of the second scan pulse Vout2) before the first scan
pulse Voutl is completely applied to the first gate line GL1.
Accordingly, the first stage BST1 may output an incomplete
scan pulse. To avoid this, each of the stages BST1 to BSTn+2
does not, but receives a scan pulse from the second down-
stream stage rather than the next downstream stage. Thus,
eachofthe stages BST1 to BSTn+2 receives a scan pulse from
a downstream stage which does not overlap with the scan
pulse output from the stage itself.

Since the stages BST1 to BSTn+2 included in the first and
second shift registers 3014 and 3015 have the same configu-
ration, a detailed description of, for example, the third stage
BST3included in the first shift register 301« is representative.

As shown in FIG. 7, the third stage BST3 includes a node
controller 700a which controls charging and discharging
operations for first, second, and third nodes Q, QB1, and
QB2, and an output unit 7006 which is turned on in accor-
dance with states of the first, second, and third nodes Q, QB1,
and QB2, to selectively output a scan pulse or the second
voltage VSS. The first, second, and third nodes Q, QB1, and
QB2 are selectively charged or discharged. When the first
node Q is in a charging state, both the second and third nodes
(QB1 and QB2 are maintained in a discharging state. On the
other hand, when the first node Q is in a discharging state, one
of the second and third nodes QB1 and QB2 is maintained in
a charging state. That is, when the first node Q 1s in a dis-
charging state in an odd-numbered frame, the second node
QB1 is charged, whereas the third node QB2 is discharged.
On the other hand, when the first node Q is in a discharging
state in an even-numbered frame, the second node QB1 is
discharged, whereas the third node QB2 is charged. VDD3
and VDD4, which have opposite polarities, and are alter-
nately varied in polarity on a frame basis, are applied to the
second and third nodes QB1 and QB2 (charging and discharg-
ing), respectively, when the first node Q is in a discharging
state, to prevent a degradation of switching elements con-
nected, at gate terminals thereof, to the second and third nodes
(Bl and QB2.

The node controller 700a of the third stage BST3 includes
first through twelfth NMOS transistors Tr1 to Tr12. The first
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NMOS transistor Trl charges the first node Q with the first
voltage VDD in response to a scan pulse from the stage
arranged firstupstream from the third stage BST3. That s, the
first NMOS transistor Trl charges the first node Q with the
first voltage VDD in response to the second scan pulse Vout2
from the second stage BST2. For this operation, the gate
terminal of first NMOS transistor Trl is connected, to the
second stage BST2; and is also, the source terminal is con-
nected to a power line for transferring the first voltage VDD;
and, the drain terminal is connected to the first node Q.

The second NMOS transistor Tr2 discharges the second
node QB1 with the second voltage VSS in response to a scan
pulse from the stage arranged first upstream from the third
stage BST3. That is, the second NMOS transistor Tr2 dis-
charges the second node QB1 with the second voltage VSS in
response to the second scan pulse Vout2 from the second stage
BST2. For this operation, the gate terminal of the second
NMOS transistor Tr2 is connected to the second stage BST?2;
the source terminal is connected to the second node QB1; and,
the drain terminal is connected to a power line for transferring
the second voltage VSS.

The third NMOS transistor Tr3 discharges the third node
QB2 with the second voltage VSS in response to a scan pulse
from the stage arranged first upstream from the third stage
BST3. That is, the third NMOS transistor Tr3 discharges the
third node QB2 with the second voltage VSS in response to
the second scan pulse Vout2 from the second stage BST2. For
this operation, the gate terminal of the third NMOS transistor
Tr3 is connected to the second stage BST2; the source termi-
nal is connected to the third node QB2; and, the drain terminal
is connected to the power line for transferring the second
voltage VSS.

The fourth NMOS transistor Trd is turned on or off in
response to the third voltage VDD3. In an ON state thereof,
the fourth NMOS transistor Tr4 charges the second node QB1
with the third voltage VDD3. For this operation, the gate and
source terminals of the fourth NMOS transistor Trd are con-
nected to a power line for transferring the third voltage
VDD3; and the drainterminal is connected to the second node
QB1. The third voltage VDD3 is an AC voltage which has a
polarity alternating between positive and negative polarities
on a frame-by-frame basis. That is, the third voltage VDD3
has a positive polarity in odd frames, and has a negative
polarity in even frames.

The fifth NMOS transistor Tr5 discharges the third node
QB2 with the second voltage VSS in response to the third
voltage VDD3. For this operation, the gate terminal of the
fifth NMOS transistor Tr5 is connected to the power line for
transferring the third voltage VDD3; the source is connected
to the third node QB2, and the drain terminal drain terminal is
connected to the power line for transferring the second volt-
age VSS.

The sixth NMOS transistor Tré is turned on or off in
response to the fourth voltage VDDA4. In an ON state thereof,
the sixth NMOS transistor Tr6 charges the third node QB2
with the fourth voltage VDDA4. For this operation, the the gate
and source terminals of the sixth NMOS transistor Tr6 are
connected, to a power line for transferring the fourth voltage
VDD4; and the drain terminal is connected to the third node
QB2. The fourth voltage VDD4 is an AC voltage which has a
polarity alternating between positive and negative polarities
on a frame-by-frame basis. That is, the fourth voltage VDD4
has a negative polarity in odd frames, and has a positive
polarity in even frames.

The seventh NMOS transistor Tr7 discharges the second
node QB1 with the second voltage VSS in response to the
fourth voltage VDD4. For this operation, the gate terminal of
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the seventh NMOS transistor Tr7 is connected to the power
line for transferring the fourth voltage VDD4; the source
terminal is connected to the second node QB1; and the drain
terminal is connected, to the power line for transferring the
second voltage VSS.

The eighth NMOS transistor Tr8 discharges the second
node QB1 with the second voltage VSS in response to the first
voltage VDD charged in the first node Q. For this operation,
the gate terminal of the eighth NMOS transistor Tr8 is con-
nected to the first node Q; the source terminal is connected to
the second node QB1; and, the drain terminal is connected the
power line for transferring the second voltage VSS.

The ninth NMOS transistor Tr9 discharges the third node
QB2 with the second voltage VSS in response to the first
voltage VDD charged in the first node Q. For this operation,
the gate terminal of the ninth NMOS transistor Tr9 is con-
nected to the first node Q; the source terminal is connected to
the third node QB2; and, the drain terminal is connected to the
power line for transferring the second voltage VSS.

The tenth NMOS transistor Tr10 discharges the first node
Q with the second voltage VSSinresponse to the third voltage
VDD3 charged in the second node QB1. For this operation,
the gate terminal of the tenth NMOS transistor Tr10 is con-
nected to the second node QB1; the source terminal is con-
nected to the first node Q; and, the drain terminal is connected
to the power line for transferring the second voltage VSS.

The eleventh NMOS transistor Trl1 discharges the first
node Q with the second voltage VSS in response to the fourth
voltage VDD4 charged in the third node QB2. For this opera-
tion, the gate terminal of the eleventh NMOS transistor Tr11
is connected to the third node QB2; the source terminal is
connected, to the first node Q, and is connected, at a drain
terminal thereof, to the power line for transferring the second
voltage VSS.

The twelfth NMOS transistor Tr12 discharges the first
node Q with the second voltage VSS in response to a scan
pulse from the stage arranged second downstream from the
third stage BST3. That is, the twelfth NMOS transistor Tr12
discharges the first node Q with the second voltage VSS in
response to the fifth scan pulse Vout5 from the fifth stage
BSTS5. For this operation, the gate terminal of the twelfth
NMOS transistor Trl12 is connected to the output unit of the
fifth stage BSTA; source terminal is connected to the first node
Q; and the drain terminal is connected to the power line for
transferring the second voltage VSS.

The output unit 7005 of the third stage BST3 includes
thirteenth through fifteenth NMOS transistors Tr13 to Trl5.

The thirteenth NMOS transistor Tr13 outputs a clock pulse
to the associated gate line as a scan pulse, in response to the
first voltage VDD charged in the first node Q. The scan pulse
is supplied to both the second upstream stage and the first
downstream stage. For this operation, the gate terminal of the
thirteenth NMOS transistor Trl13 is connected, to the first
node Q; the source terminal is connected, to a clock line for
transferring the third clock pulse CLK3; and, the drain termi-
nal is connected, to the third gate line, the gate terminal of the
twelfth NMOS transistor Tr12 in the first stage BST1, and the
gate terminals of the first through third NMOS transistors Trl
to Tr3 in the fourth stage BST4.

The fourteenth NMOS transistor Tr14 outputs the second
voltage VSS to the associated gate line in response to the third
voltage VDD3 charged in the second node QB1. That is, the
fourteenth NMOS transistor Tr14 supplies the second voltage
VSS to the third gate line in response to the third voltage
VDD3 charged in the second node QB1. For this operation,
the gate terminal of the fourteenth NMOS transistor Tr14 is
connected to the second node QB1; the drain terminal is
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connected to the power line for transferring the second volt-
age VSS; and, the source terminal is connected, to the third
gate line, the gate terminal of the twelfth NMOS transistor
Tr12 in the first stage BST1, and the gate terminals of the first
through third NMOS transistors Tr1 to Tr3 in the fourth stage
BST4.

The fifteenth NMOS transistor Trl5 outputs the second
voltage VSS to the associated gate line in response to the
fourth voltage VDD4 charged in the third node QB2. That is,
the fifteenth NMOS transistor Tr15 supplies the second volt-
age VSS to the third gate line in response to the fourth voltage
VDD4 charged in the third node QB2. For this operation, the
gate terminal of the fifteenth NMOS transistor Tr15 is con-
nected to the second node QB1; the drain terminal is con-
nected to the power line for transferring the second voltage
VSS; and, the source terminal is connected to the third gate
line, the gate terminal of the twelfth NMOS transistor Tr12 in
the first stage BST1, and the gate terminals of the first through
third NMOS transistors Tr1 to Tr3 in the fourth stage BST4.

The first and second stages BST1 and BST2, fourth
through n-th stages BST4 to BSTn, and first and second
dummy stages BSTn+1 and BSTn+2 have the same configu-
ration as the third stage BST3.

Since there is no stage upstream from the first stage BST1,
the first through third NMOS transistors Trl to Tr3 of the first
stage BST1 receive a start pulse SP from the timing controller.
That is, the first NMOS transistor Tr1 of the first stage BST1
charges the first node Q of the first stage BST1 with the first
voltage VDD in response to the start pulse SP from the timing
controller.

The second NMOS transistor Tr2 of the first stage BST1
discharges the second node QB1 of the first stage BST1 with
the second voltage VSS in response to the start pulse SP from
the timing controller. The third NMOS transistor Tr3 of the
first stage BST1 discharges the third node QB2 of the first
stage BST1 with the second voltage VSS in response to the
start pulse SP from the timing controller.

There is no stage arranged second upstream from the first
stage BST1 or second stage BST2. For this reason, the first
stage BST1 supplies the first scan pulse Voutl output there-
from to the first gate line and second stage BST2. Similarly,
the second stage BST2 supplies the second scan pulse Vout2
output therefrom to the second gate line and third stage BST3.

There is no stage arranged first downstream from the sec-
ond dummy stage BSTn+2. Accordingly, the source terminal
of the thirteenth NMOS transistor Tr13, the drain terminal of
the fourteenth NMOS transistor Tr14, and the drain terminal
of the fifteenth NMOS transistor Tr15 in the second dummy
stage BSTn+2 are connected to the gate terminal of the
twelfth NMOS transistor Tr12 of the n-th stage BSTn.

The stages BST1 to BSTn+2 of the second shift register
3015 have the same configuration as the stages BST1 to
BSTn+2 of the first shift register 301a.

Since the first and second shift registers 3015 operate in the
same manner, the following description will be given only in
conjunction with operation of the first shift register 301a.

FIG. 8 is acircuit diagram illustrating the first through third
stages of the first shift register, each of which has the circuit
configuration shown in FIG. 7.

In the following description, it is assumed that, in a first
frame, the third voltage VDD3 is maintained in a positive
polarity state, and the fourth voltage VDD4 is maintained in a
negative polarity state. It is also assumed that, in a second
frame, the third voltage VDD3 is maintained in a negative
polarity state, and the fourth voltage VDD4 is maintained in a
positive polarity state. That is, in odd-numbered frames, the
third voltage VDD3 is maintained in a positive polarity state,
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and the fourth voltage VDD4 is maintained in a negative
polarity state, whereas, in even-numbered frames, the third
voltage VDD3 is maintained in a negative polarity state, and
the fourth voltage VDD4 is maintained in a positive polarity
state.

A start pulse SP is applied to the gate terminals of the first
through third NMOS transistors Trl to Tr3. As a result, the
first through third NMOS transistors Trl to Tr3 are turned on.

The first voltage VDD is supplied to the first node Q via the
turned-on first NMOS transistor Trl. As the first node Q is
charged with the first voltage VDD, the eighth, ninth, and
thirteenth NMOS transistors Tr8, Tr9, and Tr13, each of
which is connected, at the gate terminal thereof, to the first
node Q, are simultaneously turned on. Accordingly, the sec-
ond voltage VSS is supplied to the second node QB1 via the
turned-on eighth and second NMOS transistors Tr8 and Tr2.
Thus, the second node QB1 is maintained in a discharging
state. As a result, the tenth and fourteenth transistors Tr10 and
Tr14, each of which is connected, at the gate terminal thereof,
to the second node QB1, are turned off.

The second voltage VSS is supplied to the third node QB2
via the turned-on third and ninth NMOS transistors Tr3 and
Tr9. As the third node QB2 is discharged with the second
voltage VSS, the eleventh and fifteenth transistors Tr11 and
Trl5, each of which is connected, at the gate terminal thereof,
to the third node QB2, are turned off.

As the third voltage VDD3 is applied to the gate terminal of
the fourth NMOS transistor Tr4, the fourth NMOS transistor
Trd is turned on. Since the third voltage VDD3 is maintained
in a positive polarity state during the first frame, the fourth
NMOS transistor Trd is maintained in an ON state during the
first frame. The third voltage VDD?3 is supplied to the second
node QB1 via the turned-on fourth NMOS transistor Trd.
Thus, both the second voltage VSS and the third voltage
VDD3 are supplied to the second node QB1. However, the
second node QB1 is maintained at the second voltage VSS
because the number of transistors supplying the second volt-
age VSS is larger than the number of transistors supplying the
third voltage VDD3. For this reason, the second node QB1 is
maintaired in a discharging state. As a result, the tenth and
fourteenth NMOS transistors Tr10 and Tr14, each of which is
connected, at the gate terminal thereof; to the second node
QB1, are turned off.

The third voltage VDD3 is also supplied to the gate termi-
nal of the fifth NMOS transistor Tr5. Accordingly, the fifth
NMOS transistor Tr5 is maintained in an ON state during the
first frame. The second voltage VSS is supplied to the third
node QB2 via the turned-on fifth NMOS transistor Tr5. Thus,
the third node QB2 is maintained in a discharging state by the
third, fifth, and ninth NMOS transistors Tr3, Tr5, and Tr9.
Accordingly, the eleventh and fifteenth NMOS transistors
Tr11 and Tr15, each of which is connected, at the gate termi-
nal thereof, to the third node QB2, are turned off.

As the fourth voltage VDDA is applied to the gate terminal
of the sixth NMOS transistor Tr6, the sixth NMOS transistor
Tr6 is turned off. Since the fourth voltage VDD4 is main-
tained in a negative polarity state during the first frame, the
sixth NMOS transistor Tr6 is maintained in an OFF state
during the first frame.

The fourth voltage VDDA is also supplied to the gate ter-
minal of the seventh NMOS transistor Tr7. Accordingly, the
seventh NMOS transistor Tr7 is maintained in an OFF state
during the first frame.

As the first node Q of the first stage BST1 is charged with
the first voltage VDD, and the second and third nodes QB1
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and QB2 are discharged with the second voltage VSS, in
accordance with the start pulse SP, the first stage BST1 is
enabled.

When a first clock pulse CLK1 is supplied to the thirteenth
NMOS transistor Tr13 of the first stage BST1 in the above-
described state, the thirteenth NMOS transistor Tr13 outputs
the first clock pulse CLK1 as the first scan pulse Voutl. In this
case, the first scan pulse Voutl is output while being over-
lapped with the start pulse SP because the first clock pulse
CLK1 is overlapped with the start pulse SP.

The first scan pulse Voutl is supplied to the first gate line
and second stage BST2. That is, the first scan pulse Voutl
from the first stage BST1 is supplied to the first, second, and
third NMOS transistors Tr1, Tr2, and Tr3 of the second stage
BST2. As a result, the first node Q of the second stage BST2
is charged, whereas the second and third nodes QB1 and QB2
of the second stage BST2 are discharged. That is, the second
stage BST2 is enabled by the first scan pulse Voutl. In other
words, the second stage BST2 is enabled by the first scan
pulse Voutl, similarly to the first stage BST1 which is enabled
by the start pulse SP. When a second clock pulse CLK2 is
supplied to the thirteenth NMOS transistor Trl13 of the second
stage BST2 in the above-described state, the thirteenth
NMOS transistor Tr13 outputs the second clock pulse CLK2
as the second scan pulse Vout2. In this case, the second scan
pulse Vout2 is output while being overlapped with the first
scan pulse Voutl because the second clock pulse CLK2 is
overlapped with the first clock pulse CLKI1.

The second scan pulse Vout2 is supplied to the second gate
line and third stage BST3. That is, the second scan pulse
Vout2 from the second stage BST2 is supplied to the first,
second, and third NMOS transistors Tr1, Tr2, and Tr3 of the
third stage BST3. As a result, the first node Q of the third stage
BST3 is charged, whereas the second and third nodes QB1
and QB2 of the third stage BST3 are discharged. That is, the
third stage BST3 is enabled by the second scan pulse Vout2.
In other words, the third stage BST3 is enabled by the second
scan pulse Vout2, similarly to the first stage BST1 which is
enabled by the start pulse SP.

When a third clock pulse CLK3 is supplied to the thirteenth
NMOS transistor Tr13 of the third stage BST3 in the above-
described state, the thirteenth NMOS transistor Tr13 outputs
the third clock pulse CLK3 as the third scan pulse Vout3. In
this case, the third scan pulse Vout3 is output while being
overlapped with the second scan pulse Vout2 because the
third clock pulse CLK3 is overlapped with the second clock
pulse CLK2.

The third scan pulse Vout3 is supplied to the third gate line
and fourth stage BST4. That is, the third scan pulse Vout3
from the third stage BST3 is supplied to the first, second, and
third NMOS transistors Tr1, Tr2, and Tr3 of the fourth stage
BST4. As aresult, the first node Q of the fourth stage BST4 is
charged, whereas the second and third nodes QB1 and QB2 of
the fourth stage BST4 are discharged. That is, the fourth stage
BST4is enabled by the third scan pulse Vout3. In other words,
the fourth stage BST4 is enabled by the third scan pulse
Vout3, similarly to the first stage BST1 which is enabled by
the start pulse SP.

When a fourth clock pulse CLK4 is supplied to the thir-
teenth NMOS transistor Tr13 of the fourth stage BST4 in the
above-described state, the thirteenth NMOS transistor Tr13
outputs the fourth clock pulse CLK4 as the fourth scan pulse
Voutd. In this case, the fourth scan pulse Voutd is output while
being overlapped with the third scan pulse Vout3 because the
fourth clock pulse CLK4 is overlapped with the third clock
pulse CLK3.
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Meanwhile, the third scan pulse Vout3 output from the
third stage BST3 is also supplied to the twelfth NMOS tran-
sistor Tr12 of the first stage BST1. That s, the third scan pulse
Vout3 is supplied to the gate terminal of the twelfth NMOS
transistor Tr12 in the first stage BST1. As a result, the first
stage BST1 is disabled.

In detail, the third scan pulse Vout3 turns on the twelfth
NMOS transistor Tr12 of the first stage BST1. Accordingly,
the second voltage VSS is supplied to the first node Q of the
first stage BST1 via the turned-on twelfth NMOS transistor
Tr12. Thus, the first node Q of the first stage BST1 is dis-
charged. As a result, the eighth, ninth, and thirteenth NMOS
transistors Tr8, Tr9, and Tr13 connected to the first node Q of
the first stage BST1 are turned off. Also, as the start pulse SP
is transited to a low-level state, the first, second, and third
NMOS transistors Tr1, Tr2, and Tr3 of the first stage BST1,
which receive the low-level start pulse SP, are turned off.

Since the second and eighth NMOS transistors Tr2 and Tr8
ofthe first stage BST1 arein an OFF state, as described above,
the second node QB1 of the first stage BST1 is charged with
the first voltage VDD supplied via the fourth NMOS transis-
tor Trd. Accordingly, the tenth and fourteenth NMOS transis-
tors Tr10 and Tr14, each of which is connected, at the gate
terminal thereof, to the second node QB1 of the first stage
BST1, are turned on. As a result, the second voltage VSS is
supplied to the first gate line via the turned-on fourteenth
NMOS transistor Tr14.

The second voltage VSS is also supplied to the first node Q
via the turned-on tenth NMOS transistor Tr10. As a result, the
first node Q of the first stage BST1 is discharged by the tenth
and twelfth NMOS transistors Tr10 and Tr12.

Thus, by the third scan pulse Vout3 from the third stage
BSTS3, the first and third nodes Q and QB2 of the first stage
BST1 are discharged, whereas the second node QB1 of the
first stage BST1 is charged. That is, the first stage BST1 is
disabled in response to the third scan pulse Vout3 from the
third stage BST3. The disabled first stage BST1 outputs the
second voltage VSS via the fourteenth NMOS transistor Tr14
included in the first stage BST1, to supply the second voltage
VSS to the first gate line.

In the above-described manner, each of the stages BST1 to
BSTn+2 is enabled by the scan pulse output from the first
upstream stage, and is disabled by the scan pulse output from
the second downstream stage.

Meanwhile, in the second frame, the third voltage VDD3 is
maintaired in a negative polarity state, whereas the fourth
voltage VDDA is in a positive polarity state. Accordingly,
when each of the stages BST1 to BSTn+2 is disabled, the
second node QB1 ofthe stage is discharged, whereas the third
node QB2 of the stage is charged. That is, when each of the
stages BST1 to BSTn+2 is disabled, the second voltage VSS
is output via the fifteenth NMOS transistor Tr15 connected, at
the gate terminal thereof, to the third node QB2. Thus, the
second and third nodes QB1 and QB2 are alternately charged
and discharged on a frame-by-frame basis, thereby prevent-
ing the fourteenth and fifteenth transistors Tr14 and Tr15
included in the output unit 7006 from being degraded.

The stages BST1 to BSTn+2 of the second shift register
3015 operate in the same manner as the stages BST1 to
BSTn+2 of the first shift register 3014, respectively. Each of
the stages BST1 to BSTn+2 in the first shift register 301a
apply an associated one of scan pulses Voutl to Voutn to one
end of an associated one of the gate lines GL1 to GLn,
whereas each of the stages BST1 to BSTn+2 in the second
shift register 3015 apply an associated one of scan pulses
Voutl to Voutn to the other end of an associated one of the gate
lines GL1 to GLn.
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Meanwhile, the stages BST1 to BSTn+2 of the first and
second shift registers 301a and 3015 may have the following
circuit configurations.

FIG. 9 is a circuit diagram illustrating a circuit configura-
tion included in the third stage of the first shift register shown
in FIG. 3. The node controller of the third stage BST3, which
is designated by reference numeral 900a, includes first
through twentieth transistors Trl to Tr20.

The first NMOS transistor Tr1 charges the first node Q with
the first voltage VDD in response to a scan pulse from the
stage arranged first upstream from the third stage BST3. That
is, the first NMOS transistor Tr1 charges the first node Q with
the first voltage VDD in response to the second scan pulse
Vout2 from the second stage BST2. For this operation, the a
gate terminal of the first NMOS transistor is connected to the
second stage BST2; the source terminal is connected to a
power line for transferring the first voltage VDD; and the
drain terminal is connected to the first node Q.

The second NMOS transistor Tr2 discharges the second
node QB1 with the second voltage VSS in response to the first
voltage VDD charged in the first node Q. For this operation,
the the gate terminal of second NMOS transistor is connected
to the first node Q; the source terminal is connected to the
second node QB1; and, the drain terminal is connected to a
power line for transferring the second voltage VSS.

The third NMOS transistor Tr3 discharges the third node
QB2 with the second voltage VSS in response to the first
voltage VDD charged in the first node Q. For this operation,
the gate terminal of the third NMOS transistor Tr3 is con-
nected to the first node Q; the source terminal is connected, to
the third node QB2; and, the drain terminal is connected, to
the power line for transferring the second voltage VSS.

The fourth NMOS transistor Trd is turned on or off in
response to the third voltage VDD3, each of which is alter-
nately varied in polarity on a frame basis. In an ON state
thereof, the fourth NMOS transistor Tr4 outputs the third
voltage VDD3. For this operation, the gate and source termi-
nals of the fourth NMOS transistor Tr4 are connected, to a
power line for transferring the third voltage VDD3.

The fifth NMOS transistor Tr5 charges the second node
QB1 with the third voltage VDD3 output from the fourth
NMOS transistor Tr4 in response to the third voltage VDD3.
For this operation, the gate terminal of the fifth NMOS tran-
sistor Tr5 is connected to the drain terminal of the fourth
NMOS transistor Trd; the source terminal is connected to the
power line for transferring the third voltage VDD3; and, the
drain terminal is connected to the second node QB1.

The sixth NMOS transistor Tr6 discharges the first node Q
with the second voltage VSS in response to the third voltage
VDD3 charged in the second node QBI1. For this operation,
the gate terminal of the sixth NMOS transistor Tr6 is con-
nected to the second node QB1; the source terminal is con-
nected to the first node Q; and, the drain terminal is connected
to the power line for transferring the second voltage VSS.

The seventh NMOS transistor Tr7 discharges the third
node QB2 with the second voltage VSS in response to the
third voltage VDD3 charged in the second node QB1. For this
operation, the gate terminal of the seventh NMOS transistor
Tr7 is connected to the second node QB1,; the source terminal
is connected to the third node QB2; and the drain terminal is
connected to the power line for transferring the second volt-
age VSS.

The eighth NMOS transistor Tr8 supplies the second volt-
age VSS to the gate terminal of the fifth NMOS transistor Tr5
in response to the first voltage VDD charged in the first node
Q, to turn off the fifth NMOS transistor Tr5. For this opera-
tion, the gate terminal of the eighth NMOS transistor Tr8 is
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connected to the first node Q; the source terminal is connected
to the gate terminal of the fifth NMOS transistor Tr5; and the
drain terminal is connected to the power line for transferring
the second voltage VSS.

The ninth NMOS transistor Tr9 supplies the second volt-
age VSS to the gate terminal of the fifth NMOS transistor TrS
in response to the scan pulse from the first upstream stage, to
turn off the fifth NMOS transistor Tr5. That is, the ninth
NMOS transistor Tr9 supplies the second voltage VSS to the
gate terminal of the fifth NMOS transistor Tt5 in response to
the scan pulse Vout2 from the second stage BST2, to turn off
the fifth NMOS transistor Tr5. For this operation, the gate
terminal of the ninth NMOS transistor Tr9 is connected to the
second stage BST2; the source terminal is connected to the
gate terminal of the fifth NMOS transistor Tr5; and the drain
terminal is connected to the power line for transferring the
second voltage VSS.

The tenth NMOS transistor Tr10 supplies the second volt-
age VSS to the gate terminal of the fifth NMOS transistor Tr5
in response to the scan pulse from the first upstream stage, to
turn off the fifth NMOS transistor Tr5. That is, the tenth
NMOS transistor Tr10 supplies the second voltage VSS to the
gate terminal of the fifth NMOS transistor Tr5 in response to
the scan pulse Vout2 from the second stage BST2, to turn off
the fifth NMOS transistor Tr5. For this operation, the gate
terminal of the tenth NMOS transistor Tr10 is connected to
the second stage BST2; the source terminal is connected to
the gate terminal of the fifth NMOS transistor Tr5; and the
drain terminal is connected to the power line for transferring
the second voltage VSS.

The eleventh NMOS transistor Tr11 is turned on or off in
response to the fourth voltage VDD4 which is alternately
varied in polarity on a frame basis. In an ON state thereof, the
eleventh NMOS transistor Tr11 outputs the fourth voltage
VDDA4. For this operation, the gate and source terminals of the
eleventh NMOS transistor Tr11 are connected to a power line
for transferring the fourth voltage VDD4. The fourth voltage
VDD4 has a polarity opposite to that of the third voltage
VDD3 in each frame.

The twelfth NMOS transistor Tr12 charges the third node
QB2 with the fourth voltage VDDA output from the eleventh
NMOS transistor Trl1 in response to the fourth voltage
VDDA4. For this operation, the gate terminal of the twelfth
NMOS transistor Tr12 is connected to a drain terminal of the
eleventh NMOS transistor Tr11; the source terminal is con-
nected, to the power line for transferring the fourth voltage
VDDA4; and the drain terminal is connected, to the third node
QB2.

The thirteenth NMOS transistor Tr13 discharges the first
node Q with the second voltage VSS in response to the fourth
voltage VDD4 charged in the third node QB2. For this opera-
tion, the gate terminal of the thirteenth NMOS transistor Tr13
is connected to the third node QB2; the source terminal is
connected to the first node Q; and the drain terminal is con-
nected to the power line for transferring the second voltage
VSS.

The fourteenth NMOS transistor Tr14 discharges the sec-
ond node QB1 with the second voltage VSS in response to the
fourth voltage VDD4 charged in the third node QB2. For this
operation, the gate terminal of the fourteenth NMOS transis-
tor Tr14 is connected to the third node QB2; the source
terminal is connected, to the second node QB1; and the drain
terminal is connected to the power line for transferring the
second voltage VSS.

The fifteenth NMOS transistor Tr15 supplies the second
voltage VSS to the gate terminal of the twelfth NMOS tran-
sistor Tr12 in response to the first voltage VDD charged in the
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first node Q, to turn off the twelfth NMOS transistor Tr12. For
this operation, the gate terminal of the fifteenth NMOS tran-
sistor Tr15 is connected, at a gate terminal thereof, to the first
node Q; the source terminal is connected to the gate terminal
ofthe twelfth NMOS transistor Tr12; and the drain terminal is
connected to the power line for transferring the second volt-
age VSS.

The sixteenth NMOS transistor Tr16 supplies the second
voltage VSS to the gate terminal of the twelfth NMOS tran-
sistor Trl12 in response to the scan pulse from the first
upstream stage, to turn off the twelfth NMOS transistor Tr12.
That is, the sixteenth NMOS transistor Tr16 turns off the
twelfth NMOS transistor Tr12 in response to the second scan
pulse Vout2 from the second stage BST2. For this operation,
the gate terminal of the sixteenth NMOS transistor Tr16 is
connected to the second stage BST2; the source terminal is
connected to the gate terminal of the twelfth NMOS transistor
Tr12; and the drain terminal and is connected to the power
line for transferring the second voltage VSS.

The seventeenth NMOS transistor Tr17 supplies the sec-
ond voltage VSS 1o the gate terminal of the twelfth NMOS
transistor Tr12 in response to the scan pulse from the first
upstream stage, to turn off the twelfth NMOS transistor Tr12.
That is, the seventeenth NMOS transistor Tr17 turns off the
twelfth NMOS transistor Tr12 in response to the second scan
pulse Vout2 from the second stage BST2. For this operation,
the gate terminal of the seventeenth NMOS transistor Tr17 is
connected to the second stage BST2; the source terminal is
connected to the gate terminal of the twelfth NMOS transistor
Tr12; and, the drain terminal is connected, to the power line
for transferring the second voltage VSS.

The eighteenth NMOS transistor Tr18 discharges the sec-
ond node QB1 with the second voltage VSS in response to the
scan pulse from the first upstream stage. That is, the eigh-
teenth NMOS transistor Tr18 discharges the second node
QB1 with the second voltage VSS in response to the scan
pulse Vout2 from the second stage BST2. For this operation,
the gate terminal of the eighteenth NMOS transistor Tr18 is
connected to the second stage BST2; the source terminal is
connected to the second node QB1; and the drain terminal is
connected to the power line for transferring the second volt-
age VSS.

The nineteenth NMOS transistor Tr19 discharges the third
node QB2 with the second voltage VSS in response to the
scan pulse from the first upstream stage. That is, the nine-
teenth NMOS transistor Tr19 discharges the third node QB2
with the second voltage VSS in response to the scan pulse
Vout2 from the second stage BST2. For this operation, the
gate terminal of the nineteenth NMOS transistor Tr19 is con-
nected to the second stage BST2; the source terminal is con-
nected to the third node QB2; and, the drain terminal is
connected to the power line for transferring the second volt-
age VSS.

The twentieth NMOS transistor Tr20 discharges the first
node Q with the second voltage VSS in response to a scan
pulse from the stage arranged second downstream from the
third stage BST3. That is, the twentieth NMOS transistor
Tr20 discharges the first node Q with the second voltage VSS
in response to the fifth scan pulse Vout5 from the fifth stage
BSTS. For this operation, the gate terminal of the twentieth
NMOS transistor Tr20 is connected to the output unit of the
fifth stage BSTS5; the source terminal is connected to the first
node Q; and, the drain terminal is connected to the power line
for transferring the second voltage VSS.

The output unit of the third stage BST3, which is desig-
nated by reference numeral 9005, includes twenty-first
through twenty-third NMOS transistors Tr21 to Tr23.
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The twenty-first NMOS transistor Tr21 outputs the third
clock pulse CLK3 to the associated gate line as a scan pulse,
in response to the first voltage VDD charged in the first node
Q. The third scan pulse Vout3 is also supplied to both the
second upstream stage and the first downstream stage. For
this operation, the gate terminal of the twenty-first NMOS
transistor Tr21 is connected to the first node Q; the source
terminal is connected to the clock line for transferring the
third clock pulse CLK3; and the drain terminal is connected to
the third gate line, the gate terminal of the twentieth NMOS
transistor Tr20 in the first stage BST1, and the gate terminals
of the first, ninth, tenth, sixteenth, seventeenth, eighteenth,
and nineteenth NMOS transistors Tr1, Tr9, Tr10, Tr16, Tr17,
Tr18, and Tr19 in the fourth stage BST4.

The twenty-second NMOS transistor Tr22 outputs the sec-
ond voltage VSS to the associated gate line in response to the
third voltage VDD3 charged in the second node QB1. That is,
the twenty-second NMOS transistor Tr22 supplies the second
voltage VSS to the third gate line in response to the third
voltage VDD3 charged in the second node QB1. For this
operation, the gate terminal of the twenty-second NMOS
transistor Tr22 is connected to the second node QB1; the drain
terminal is connected to the power line for transferring the
second voltage VSS; and the source terminal is connected to
the third gate line, the gate terminal of the twentieth NMOS
transistor Tr20 in the first stage BST1, and the gate terminals
of the first, ninth, tenth, sixteenth, seventeenth, eighteenth,
and nineteenth NMOS transistors Trl, Tr9, Tr10, Tr16, Tr17,
Tr18, and Tr19 in the fourth stage BST4.

The twenty-third NMOS transistor Tr23 outputs the second
voltage VSS to the associated gate line in response to the
fourth voltage VDD4 charged in the third node QB2. That is,
the twenty-third NMOS transistor Tr23 supplies the second
voltage VSS to the third gate line in response to the fourth
voltage VDD4 charged in the third node QB2. For this opera-
tion, the gate terminal of the twenty-third NMOS transistor
Tr23 is connected to the second node QB1; the drain terminal
is connected to the power line for transferring the second
voltage VSS; and the source terminal is connected to the third
gate line, the gate terminal of the twentieth NMOS transistor
Tr20 in the first stage BST1, and the gate terminals of the first,
ninth, tenth, sixteenth, seventeenth, eighteenth, and nine-
teenth NMOS transistors Tr1, Tr9, Tr10, Tr16, Tr17, Tr18,
and Tr19 in the fourth stage BST4.

The first and second stages BST1 and BST2, fourth
through n-th stages BST4 to BSTn, and first and second
dummy stages BSTn+1 and BSTn+2 have the same configu-
ration as the third stage BST3.

Since there is no stage upstream from the first stage BST1,
the first, ninth, tenth, sixteenth, seventeenth, eighteenth, and
nineteenth NMOS transistors Trl, Tr9, Tr10, Tr16, Trl17,
Tr18, and Tr19 in the first stage BST4 receive a start pulse SP
from the timing controller. That is, the first NMOS transistor
Trl ofthe first stage BST1 charges the first node Q of the first
stage BST1 with the first voltage VDD in response to the start
pulse SP from the timing controller.

The ninth NMOS transistor Tr9 of the first stage BST1
discharges the second node QB1 of the first stage BST1 with
the second voltage VSS in response to the start pulse SP from
the timing controller.

The tenth NMOS transistor Tr10 of the first stage BST1
supplies the second voltage VSS to the gate terminal of the
fourth NMOS transistor Tr4 in response to the start pulse SP
from the timing controller, to turn off the fourth NMOS
transistor Tr4.

The sixteenth NMOS transistor Tr16 of the first stage
BST1 supplies the second voltage VSS to the gate terminal of
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the twentieth NMOS transistor Tr12 in response to the start
pulse SP from the timing controller, to turn off the twentieth
NMOS transistor Tr12.

The seventeenth NMOS transistor Trl7 of the first stage
BST1 supplies the second voltage VSS to the gate terminal of
the twentieth NMOS transistor Tr12 in response to the start
pulse SP from the timing controller, to turn off the twentieth
NMOS transistor Tr12.

The eighteenth NMOS transistor Tr18 of the first stage
BST1 discharges the second node QB1 with the second volt-
age VSS in response to the start pulse SP from the timing
controller.

The nineteenth NMOS transistor Tr19 of the first stage
BST1 discharges the third node QB2 with the second voltage
VSS in response to the start pulse SP from the timing con-
troller.

There is no stage arranged second upstream from the first
stage BST1 or second stage BST2. For this reason, the first
stage BST1 supplies the first scan pulse Voutl output there-
from to the first gate line and second stage BST2. Similarly,
the second stage BST2 supplies the second scan pulse Vout2
output therefrom to the second gate line and third stage BST3.

There is no stage arranged first downstream from the sec-
ond dummy stage BSTn+2. Accordingly, the source terminal
of the twenty-first NMOS transistor Tr21, the drain terminal
of the twenty-second NMOS transistor Tr22, and the drain
terminal of the twenty-third NMOS transistor Tr23 in the
second dummy stage BSTn+2 are connected to the gate ter-
minal ofthe twentieth NMOS transistor Tr20 ofthe n-th stage
BSTn.

The stages BST1 to BSTn+2 of the second shift register
3015 have the same configuration as the stages BST1 to
BSTn+2 of the first shift register 301a.

FIGS. 10A and 10B are circuit diagrams illustrating the
first through third stages of the first shift register, each of
which has a circuit configuration shown in FIG. 9.

In the following description, it is assumed that, in a first
frame, the third voltage VDD3 is maintained in a positive
polarity state, and the fourth voltage VDD4 is maintained in a
negative polarity state. It is also assumed that, in a second
frame, the third voltage VDD3 is maintained in a negative
polarity state, and the fourth voltage VDD4 is maintained in a
positive polarity state. That is, it is assumed that, in odd-
numbered frames, the third voltage VDD3 is maintained in a
positive polarity state, and the fourth voltage VDD4 is main-
tained in a negative polarity state, whereas, in even-numbered
frames, the third voltage VDD3 is maintained in a negative
polarity state, and the fourth voltage VDD4 is maintained in a
positive polarity state.

A start pulse SP is applied to the gate terminals of the first,
ninth, tenth, sixteenth, seventeenth, eighteenth, and nine-
teenth NMOS transistors Trl, Tr9, Tr10, Tr16, Tr17, Trl8,
and Tr19. As a result, the first, ninth, tenth, sixteenth, seven-
teenth, eighteenth, and nineteenth NMOS transistors Trl,
Tr9, Tr10, Tr16, Tr17, Tr18, and Tr19 are turned on.

The first voltage VDD is then supplied to the first node Q
via the turned-on first NMOS transistor Trl. As the first node
Q is charged with the first voltage VDD, the second, third,
eighth, fifteenth, and twenty-first NMOS transistors Tr2, Tr3,
Tr8, Tr15, and Tr21, each of which is connected, at the gate
terminal thereof, to the first node Q, are turned on.

The second voltage VSS is supplied to the second node
QB1 via the turned-on second and eighth NMOS transistors
Tr2 and Tr8. Thus, the second node QB1 is discharged. As a
result, the sixth, seventh, and twenty-second NMOS transis-
tors Tr6, Tr6, and Tr22, each of which is connected, at the gate
terminal thereof, to the second node QB1, are turned off.
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The second voltage VSS is also supplied to the third node
QB2 viathe turned-on third and nineteenth NMOS transistors
Tr3 and Tr19. Accordingly, the third node QB2 is discharged.
As a result, the thirteenth, fourteenth, and twenty-third tran-
sistors Tr13, Tr14, and Tr23, each of which is connected, at
the gate terminal thereof, to the third node QB2, are turned
off.

The second voltage VSS is also supplied to the gate termi-
nal of the fifth NMOS transistor Tr5 via the turned-on eighth,
ninth, and tenth NMOS transistors Tr8, Tr9, and Tr10. The
third voltage VDD?3 is supplied to the gate terminal of the fifth
NMOS transistor Tr5 via the fourth NMOS transistor Tr4
which is maintained in an ON state by the third voltage VDD3
during the first frame in which the third voltage VDD3 has a
positive polarity. Thus, both the second voltage VSS and the
third voltage VDD3 are supplied to the gate terminal of the
fifth NMOS transistor Tr5. However, the gate terminal of the
fifth NMOS transistor Tr5 is maintained at the second voltage
VSS because the number of transistors supplying the second
voltage VSS to the gate terminal of the fifth NMOS transistor
Tr5 is larger than the number of transistors supplying the third
voltage VDD3 to the gate terminal of the fifth NMOS tran-
sistor Tr5. As aresult, the fifth NMOS transistors Tr5 is turned
off.

The second voltage VSS is applied to the gate terminal of
the twelfth NMOS transistor Tr12 via the turned-on fifteenth,
sixteenth, and seventeenth NMOS transistors Tr15, Tr16, and
Tr17. Accordingly, the twelfth NMOS transistor Tr12 is
turned off. Meanwhile, the eleventh NMOS transistor Tr11 is
maintained in an OFF state during the first frame by the fourth
voltage VDD4 which is maintained in a negative polarity state
in the first frame.

Thus, the first node Q of the first stage BST1 is charged
with the first voltage VDD, and the second and third nodes
QB1 and QB2 are discharged with the second voltage VSS, as
describe above. Accordingly, the first stage BST1 is enabled.

When a first clock pulse CLK1 is supplied to the twenty-
first NMOS transistor Tr21 of the first stage BST1 in the
above-described state, the twenty-first NMOS transistor Tr21
outputs the first clock pulse CLK1 as the first scan pulse
Voutl. In this case, the first scan pulse Vout1 is output while
being overlapped with the start pulse SP because the first
clock pulse CLK1 is overlapped with the start pulse SP.

The first scan pulse Voutl is supplied to the first gate line
and second stage BST2. That is, the first scan pulse Voutl
from the first stage BST1 is supplied to the first, ninth, tenth,
sixteenth, seventeenth, eighteenth, and nineteenth NMOS
transistors Trl, Tr9, Tr10, Tr16, Tr17, Tr18, and Tr19 of the
second stage BST2. As a result, the first node Q of the second
stage BST2 is charged, whereas the second and third nodes
QB1 and QB2 of the second stage BST2 are discharged. That
is, the second stage BST2 is enabled by the first scan pulse
Voutl. In other words, the second stage BST2 is enabled by
the first scan pulse Voutl, similarly to the first stage BST1
which is enabled by the start pulse SP. When a second clock
pulse CLK2 is supplied to the twenty-first NMOS transistor
Tr21 of the second stage BST2 in the above-described state,
the twenty-first NMOS transistor Tr21 outputs the second
clock pulse CLK2 as the second scan pulse Vout2. In this case,
the second scan pulse Vout2 is output while being overlapped
with the first scan pulse Voutl because the second clock pulse
CLK2 is overlapped with the first clock pulse CLK1.

The second scan pulse Vout2 is supplied to the second gate
line and third stage BST3. That is, the second scan pulse
Vout2 from the second stage BST2 is supplied to the first,
ninth, tenth, sixteenth, seventeenth, eighteenth, and nine-
teenth NMOS transistors Trl, Tr9, Tr10, Tr16, Tr17, Tr18,
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and Tr19 of the third stage BST3. As a result, the first node Q
of the third stage BST3 is charged, whereas the second and
third nodes QB1 and QB2 of the third stage BST3 are dis-
charged. That is, the third stage BST3 is enabled by the
second scan pulse Vout2. In other words, the third stage BST3
is enabled by the second scan pulse Vout2, similarly to the first
stage BST1 which is enabled by the start pulse SP.

When a third clock pulse CLK3 is supplied to the twenty-
first NMOS transistor Tr21 of the third stage BST3 in the
above-described state, the twenty-first NMOS transistor Tr21
outputs the third clock pulse CLK3 as the third scan pulse
Vout3. In this case, the third scan pulse Vout3 is output while
being overlapped with the second scan pulse Vout2 because
the third clock pulse CLK3 is overlapped with the second
clock pulse CLK2.

The third scan pulse Vout3 is supplied to the third gate line
and fourth stage BST4. That is, the third scan pulse Vout3
from the third stage BST3 is supplied to the first, ninth, tenth,
sixteenth, seventeenth, eighteenth, and nineteenth NMOS
transistors Trl, Tr9, Tr10, Tr16, Tr17, Trl8, and Tr19 of the
fourth stage BST4. As a result, the first node Q of the fourth
stage BST4 is charged, whereas the second and third nodes
QB1 and QB2 of the fourth stage BST4 are discharged. That
is, the fourth stage BST4 is enabled by the third scan pulse
Vout3. In other words, the fourth stage BST4 is enabled by the
third scan pulse Vout3, similarly to the first stage BST1 which
is enabled by the start pulse SP.

When a fourth clock pulse CLK4 is supplied to the twenty-
first NMOS transistor Tr21 of the fourth stage BST4 in the
above-described state, the twenty-first NMOS transistor Tr21
outputs the fourth clock pulse CLK4 as the fourth scan pulse
Voutd. In this case, the fourth scan pulse Voutd is output while
being overlapped with the third scan pulse Vout3 because the
fourth clock pulse CLK4 is overlapped with the third clock
pulse CLK3.

The third scan pulse Vout3 output from the third stage
BST3 is also supplied to the twentieth NMOS transistor Tr20
of the first stage BST1. That is, the third scan pulse Vout3 is
supplied to the gate terminal of the twentieth NMOS transis-
tor Trl12 in the first stage BST1. As a result, the first stage
BST1 is disabled.

In detail, the third scan pulse Vout3 turns on the twentieth
NMOS transistor Tr20 of the first stage BST1. Accordingly,
the second voltage VSS is supplied to the first node Q of the
first stage BST1 via the turned-on twentieth NMOS transistor
Tr20. Thus, the first node Q of the first stage BST1 is dis-
charged. As aresult, the second, eighth, fifteenth, and twenty-
first NMOS transistors Tr2, Tr8, Tr15, and Tr21 connected to
the first node Q of the first stage BST1 are turned off. Also, as
the start pulse SP is transited to a low-level state, the first,
ninth, tenth, sixteenth, seventeenth, eighteenth, and nine-
teenth NMOS transistors Trl, Tr9, Tr10, Tr16, Tr17, Trl8,
and Tr19 of the first stage BST1, which receive the low-level
start pulse SP, are turned off.

As the ninth and tenth NMOS transistors Tr9 and Tr10 of
the first stage BST1 are turned off, the second voltage VSS
can no longer be supplied to the gate terminal of the fifth
NMOS transistor Tr5. In place of the second voltage VSS, the
third voltage VDD3 is supplied to the gate terminal of the fifth
NMOS transistor Tr5 in the first stage BST1 via the fourth
NMOS transistor Tr4. As a result, the fifth NMOS transistor
Tr5 is turned on by the third voltage VDD3. The third voltage
VDD3 is then supplied to the second node QB1 of the first
stage BST1 via the turned-on fifth NMOS transistor Tr5.
Accordingly, the second node QB1 of the first stage BST1 is
charged. Also, the sixth, seventh, and twenty-second NMOS
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transistors Tr6, Tr7, and Tr22, each of which is connected, at
the gate terminal thereof, to the second node QB1 of the first
stage BST1, are turned on.

The second voltage VSS is also supplied to the first node Q
of the first stage BST1 via the turned-on sixth NMOS tran-
sistor Tr6. As a result, the discharge rate of the first node Q in
the first stage BST1 is increased. The second voltage VSS is
also supplied to the third node QB2 of the first stage BST1 via
the turned-on seventh NMOS transistor Tr7. Accordingly, the
third node QB2 is discharged. As a result, the thirteenth,
fourteenth, and twenty-third NMOS transistors Tr13, Tr14,
and Tr23, each of which is connected, at the gate terminal
thereof, to the third node QB2, are turned off.

Thus, by the third scan pulse Vout3 from the third stage
BSTS3, the first and third nodes Q and QB2 of the first stage
BST1 are discharged, whereas the second node QB1 of the
first stage BST1 is charged. That is, the first stage BST1 is
disabled in response to the third scan pulse Vout3 from the
third stage BST3. The disabled first stage BST1 outputs the
second voltage VSS via the twenty-second NMOS transistor
Tr22 included in the first stage BST1, to supply the second
voltage VSS to the first gate line.

In the above-described manner, each of the stages BST1 to
BSTn+2 is enabled by the scan pulse output from the first
upstream stage, and is disabled by the scan pulse output from
the second downstream stage.

Meanwhile, in the second frame, the third voltage VDD3 is
maintained in a negative polarity state, whereas the fourth
voltage VDDA is in a positive polarity state. Accordingly,
when each of the stages BST1 to BSTn+2 is disabled, the
second node QB1 ofthe stage is discharged, whereas the third
node QB2 of the stage is charged. That is, when each of the
stages BST1 to BSTn+2 is disabled, the second voltage VSS
is output via the twenty-third NMOS transistor Tr23 con-
nected, at the gate terminal thereof, to the third node QB2.
Thus, the second and third nodes QB1 and QB2 are alter-
nately charged and discharged on a frame-by-frame basis,
thereby preventing the twenty-second and twenty-third tran-
sistors Tr22 and Tr23 included in the output unit 9005 from
being degraded.

The stages BST1 to BSTn+2 of the second shift register
301) operate in the same manner as the stages BST1 to
BSTn+2 ofthe first shift register 301a, respectively. However,
each of the stages BST1 to BSTn+2 in the first shift register
301a applies an associated one of scan pulses Voutl to Voutn
to one end of an associated one of the gate lines GL1 to GLn,
whereas each of the stages BST1 to BSTn+2 in the second
shift register 3015 applies an associated one of scan pulses
Voutl to Voutn to the other end of an associated one of the gate
lines GL1 to GLn.

FIG. 11 is a block diagram illustrating a shift register
according to a second embodiment.

The shift register includes a first shift register 110a and a
second shift register 1105.

The first shift register 110a includes n stages CST1 to
CSTn, a first dummy stage CSTn+1, and a second dummy
stage CSTn+2 which are connected in series. The stages
CST1to CSTn+2 output pairs of scan pulses Voutl to Voutn+
2, respectively. That is, each of the stages CST1 to CSTn+2
simultaneously outputs a pair of scan pulses. Also, the scan
pulses Voutl to Voutn+2 are output in a sequential manner
from the stages CST1 to CSTn+2. The scan pulses Voutl to
Voutn output from the stages CST1 to CSTn, except for the
first and second dummy stages CSTn+1 and CSTn+2, are
sequentially supplied to the gate lines GL1to GLn of the LCD
panel 300, respectively, to cause the gate lines GL1 to GLn to
be sequentially scanned.
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The first stage CST1 simultaneously outputs a pair of first
scan pulses Voutl. Subsequently, the second stage CST2
simultaneously outputs a pair of second scan pulses Vout2.
Next, the third stage CST3 simultaneously outputs a pair of
third scan pulses Vout3. In such a manner, finally, the n-th
stage CSTn simultaneously outputs a pair of n-th scan pulses
Voutn. After the n-th stage CSTn simultaneously outputs a
pair of n-th scan pulses Voutn, the first dummy stage CSTn+1
simultaneously outputs a pair of n+1-th scan pulses Voutn+1.
The n+1-th scan pulses Voutn+1 are not supplied to any gate
line, but are supplied to the n-1-th stage CSTn~1. After the
first dummy stage CSTn+1 simultaneously outputs a pair of
n+l-th scan pulses Voutn+1, the second dummy stage
CSTn+2 simultaneously outputs a pair of n+2-th scan pulses
Voutn+2. The n+2-th scan pulses Voutn+2 are not supplied to
any gate line, but are supplied to the n-th stage CSTn. Mean-
while, the scan pulses Vout1 to Voutn+2 output from respec-
tive stages CST1 to CSTn+2 have a pulse width such that
successive ones of the scan pulses Voutl to Voutn+2 are
overlapped with each other for a predetermined width.

Each of the stages CST1 to CSTn+2 has two output termi-
nals (the first and second output terminals), to simultaneously
output scan pulses through the first and second output termi-
nals, respectively. In other words, each of the stages CST1 to
CSTn+2 outputs one scan pulse through the first output ter-
minal thereof, and simultaneously outputs the other scan
pulse through the second output terminal thereof. Thus, two
scan pulses are simultaneously output from each of the stages
CST1 to CSTn+2. In this case, the scan pulses Voutl to
Voutn+2 output from respective first output terminals of the
stages CST1 to CSTn+2 have a pulse width such that succes-
sive ones of the scan pulses Voutl to Voutn+2 are overlapped
with each other for a predetermined width. Also, the scan
pulses Voutl to Voutn+2 output from respective second out-
put terminals of the stages CST1 to CSTn+2 have a pulse
width such that successive ones of the scan pulses Voutl to
Voutn+2 are overlapped with each other for the predeter-
mined width. For example, the two first scan pulses Voutl
output from the first stage CST1 are overlapped with the two
second scan pulses Vout2 output from the second stage CST2
are overlapped with each other by the predetermined width.

Each of the stages CST1 to CSTn+2 included in the first
shift register 110a supplies one of the two scan pulses thereof
to an associated gate line, and supplies the other scan pulse to
both the first downstream stage and the second upstream
stage. For example, the third stage CST3, which outputs two
third scan pulses Vout3, supplies one third scan pulse Vout3 to
the third gate line, and supplies the other third scan pulses
Vout3 to the fourth stage CST4 and first stage CST1. Mean-
while, the second dummy stage CSTn+2 may output two scan
pulses, or may output a single scan pulse.

Each of the stages CST1 to CSTn+2 of the first shift reg-
ister 110a receives first through fourth voltages VDD, VSS,
VDD3, and VDD4, and one of first through fourth clock
pulses CLK1 to CLK4 which are repeated while having a time
(phase) difference between successive clock pulses. The first
voltage VDD may be a DC voltage having a positive polarity,
whereas the second voltage VSS may be a voltage having a
negative polarity. Each of the third and fourth voltages VDD3
and VDDA is an AC voltage which is alternately varied in
polarity on a frame-by-frame basis. The third and fourth
voltages VDD3 and VDD4 have differing polarities in the
same frame.

The first through fourth clock pulses CLK1 to CLK4 are
output after being time (phase)-delayed from one another by
one pulse width. That is, the second clock pulse CLK2 is
output after being phase-delayed from the first clock pulse
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CLK1 by one pulse width. The third clock pulse CLK3 is
output after being phase-delayed from the second clock pulse
CLK2 by one pulse width. The fourth clock pulse CLK4 is
output after being phase-delayed from the third clock pulse
CLK3 by one pulse width. The first through fourth clock
pulses CLK1 to CLK4 are sequentially output in a circulating
manner. That is, one set of first through fourth clock pulses
CLK1 to CLK4 are sequentially output, and then another set
of first through fourth clock pulses CLK1 to CLK4 are
sequentially output. Accordingly, the first clock pulse CLK1
is output in a period between the point oftime when the fourth
clock pulse CLK4 is output and the point of time when the
second clock pulse CLK2 is output. The fourth clock pulse
CLK4 may be output in synchronism with the start pulse SP.
In this case, the fourth clock pulse CLK4 is output earlier than
the first through third clock pulses CLK1 to CLK3.

The first shift register 110a may use two or more clock
pulses. That is, the first shift register 110a may use only two
of the first through fourth clock pulses CLK1 to CLK4, for
example, the first and second clock pulses CLK1 and CLK2,
or may use only three of the first through fourth clock pulses
CLK1 to CLK4, for example, the first through third clock
pulses CLK1 to CLK3. Alternatively, the first shift register
110a may use at least five clock pulses which are sequentially
output.

The second shift register 1105 has the same configuration
as the first shift register 110a.

FIG. 12 is a circuit diagram illustrating a circuit included in
the third stage of the first shift register shown in FIG. 11.

The third stage CST3 includes a node controller 120a
which controls charging and discharging operations for first,
second, and third nodes Q, QB1, and QB2, and output units
1205 and 120¢, each of which is turned on in accordance with
charging/discharging states of the first, second, and third
nodes Q, QB1, and QB2, to selectively output a scan pulse or
the second voltage VSS. The first, second, and third nodes Q,
QB1, and QB2 are selectively charged or discharged. In
detail, when the first node Q is in a charging state, both the
second and third nodes QB1 and QB2 are maintained in a
discharging state. On the other hand, when the first node Q is
in a discharging state, one of the second and third nodes QB1
and QB2 is maintained in a charging state. That is, when the
first node Q is in a discharging state in an odd-numbered
frame, the second node QB1 is charged, whereas the third
node QB2 is discharged. On the other hand, when the first
node Q is in a discharging state in an even-numbered frame,
the second node QB1 is discharged, whereas the third node
QB2 is charged. Voltages VDD3 and VDDA, have opposite
polarities, are alternately varied in polarity on a frame-by-
frame basis, and are applied to the second and third nodes
(QB1 and QB2 (charging and discharging), respectively, when
the first node Q is in a discharging state, to prevent a degra-
dation of switching elements connected, at gate terminals
thereof, to the second and third nodes QB1 and QB2.

The node controller 120a of the third stage CST3 includes
first through twentieth NMOS transistors Trl to Tr20.

The first NMOS transistor Tr1 charges the first node Q with
the first voltage VDD in response to a scan pulse from the
stage arranged first upstream from the third stage CST3. That
is, the first NMOS transistor Tr1 charges the first node Q with
the first voltage VDD in response to the second scan pulse
Vout2 from the second stage CST2. For this operation, the
gate terminal of the first NMOS transistor Trl is connected to
the second stage CST2; the source terminal is connected to a
power line for transferring the first voltage VDD, and the
drain terminal is connected to the first node Q.
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The second NMOS transistor Tr2 discharges the second
node QB1 with the second voltage VSS in response to the first
voltage VDD charged in the first node Q. For this operation,
the gate terminal of the second NMOS transistor Tr2 is con-
nected to the first node Q; the source terminal is connected to
the second node QB1; and, the drain terminal is connected to
a power line for transferring the second voltage VSS.

The third NMOS transistor Tt3 discharges the third node
QB2 with the second voltage VSS in response to the first
voltage VDD charged in the first node Q. For this operation,
the gate terminal of the third NMOS transistor Tr3 is con-
nected to the first node; the source terminal is connected to the
third node QB2; and, the drain terminal is connected to the
power line for transferring the second voltage VSS.

The fourth NMOS transistor Trd is turned on or off in
response to the third voltage VDD3 which is alternately var-
ied in polarity on a frame basis. In an ON state thereof, the
fourth NMOS transistor Tr4 charges the second node QB1
with the third voltage VDD3. For this operation, the gate and
source terminals of the fourth NMOS transistor Tr4 are con-
nected to a power line for transferring the third voltage
VDD3.

The fifth NMOS transistor Tr5 charges the second node
QB1 with the third voltage VDD3 output from the fourth
NMOS transistor Tr4 in response to the third voltage VDD3.
For this operation, the gate terminal of the fifth NMOS tran-
sistor Tr5 is connected to a drain terminal of the fourth NMOS
transistor Tr4; the source terminal is connected to the power
line for transferring the third voltage VDD3; and, the drain
terminal is connected to the second node QBI1.

The sixth NMOS transistor Tré discharges the first node Q
with the second voltage VSS in response to the third voltage
VDD3 charged in the second node QB1. For this operation,
the gate terminal of the sixth NMOS transistor Tr6 is con-
nected to the second node QB1; the source terminal is con-
nected to the first node Q; and, the drain terminal is connected
to the power line for transferring the second voltage VSS.

The seventh NMOS transistor Tr7 discharges the third
node QB2 with the second voltage VSS in response to the
third voltage VDD3 charged in the second node QB1. For this
operation, the gate terminal of the seventh NMOS transistor
Tr7 is connected to the second node QB1; the source terminal
is connected to the third node QB2; and, the drain terminal is
connected to the power line for transferring the second volt-
age VSS.

The eighth NMOS transistor Tr8 supplies the second volt-
age VSS to the gate terminal of the fifth NMOS transistor Tr5
in response to the first voltage VDD charged in the first node
Q, to turn off the fifth NMOS transistor Tr5. For this opera-
tion, the gate terminal of the eighth NMOS transistor Tr8 is
connected to the first node Q; the source terminal is connected
to the gate terminal of the fifth NMOS transistor Tr5; and, the
drain terminal is connected to the power line for transferring
the second voltage VSS.

The ninth NMOS transistor Tr9 supplies the second volt-
age VSS to the gate terminal of the fifth NMOS transistor Tr5
in response to the scan pulse from the first upstream stage, to
turn off the fifth NMOS transistor Tr5. That is, the ninth
NMOS transistor Tr9 supplies the second voltage VSS to the
gate terminal of the fifth NMOS transistor Tr5 in response to
the scan pulse Vout2 from the second stage CST2, to turn off
the fifth NMOS transistor Tr5. For this operation, the gate
terminal of the ninth NMOS transistor Tr9 is connected to the
second stage CST2; the source terminal is connected to the
gate terminal of the fifth NMOS transistor Tr5; and, the drain
terminal is connected to the power line for transferring the
second voltage VSS.
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The tenth NMOS transistor Tr10 supplies the second volt-
age VSS to the gate terminal of the fifth NMOS transistor TrS
in response to the scan pulse from the first upstream stage, to
turn off the fifth NMOS transistor Tr5. That is, the tenth
NMOS transistor Tr10 supplies the second voltage VSS to the
gate terminal of the fifth NMOS transistor Tt5 in response to
the scan pulse Vout2 from the second stage CST2, to turn off
the fifth NMOS transistor Tr5. For this operation, the gate
terminal of the tenth NMOS transistor Tr10 is connected to
the second stage CST2; the source terminal is connected to
the gate terminal of the fifth NMOS transistor Tr5; and, the
drain terminal is connected to the power line for transferring
the second voltage VSS.

The eleventh NMOS transistor Tr11 is turned on or off in
response to the fourth voltage VDD4 which is alternately
varied in polarity on a frame basis. In an ON state thereof, the
eleventh NMOS transistor Tr11 outputs the fourth voltage
VDDA4. For this operation, the gate and source terminals of the
eleventh NMOS transistor Tr11 are connected to a power line
for transferring the fourth voltage VDD4. The fourth voltage
VDD4 has a polarity opposite to that of the third voltage
VDD3 in each frame.

The twelfth NMOS transistor Trl12 charges the third node
QB2 with the fourth voltage VDDA output from the eleventh
NMOS transistor Trll in response to the fourth voltage
VDDA4. For this operation, the gate terminal of the twelfth
NMOS transistor Tr12 is connected to a drain terminal of the
eleventh NMOS transistor Tr11; the source terminal is con-
nected to the power line for transferring the fourth voltage
VDD4; and, the drain terminal is connected to the third node
QB2.

The thirteenth NMOS transistor Tr13 discharges the first
node Q with the second voltage VSS in response to the fourth
voltage VDD4 charged in the third node QB2. For this opera-
tion, the gate terminal of the thirteenth NMOS transistor Tr13
is connected to the third node QB2; the source terminal is
connected, to the first node Q; and, the drain terminal is
connected to the power line for transferring the second volt-
age VSS.

The fourteenth NMOS transistor Tr14 discharges the sec-
ond node QB1 with the second voltage VSS in response to the
fourth voltage VDD4 charged in the third node QB2. For this
operation, the gate terminal of the fourteenth NMOS transis-
tor Tr14 is connected to the third node QB2; the source
terminal is connected to the second node QB1; and, the, drain
terminal is connected to the power line for transferring the
second voltage VSS.

The fifteenth NMOS transistor Tr15 supplies the second
voltage VSS to the gate terminal of the twelfth NMOS tran-
sistor Tr12 in response to the first voltage VDD charged in the
firstnode Q, to turn off the twelfth NMOS transistor Tr12. For
this operation, the gate terminal of the fifteenth NMOS tran-
sistor Tr15 is connected to the first node Q; the source termi-
nal is connected to the gate terminal of the twelfth NMOS
transistor Tr12; and, the drain terminal is connected to the
power line for transferring the second voltage VSS.

The sixteenth NMOS transistor Tr16 supplies the second
voltage VSS to the gate terminal of the twelfth NMOS tran-
sistor Tr12 in response to the scan pulse from the first
upstream stage, to turn off the twelfth NMOS transistor Tr12.
That is, the sixteenth NMOS transistor Tr16 turns off the
twelfth NMOS transistor Tr12 in response to the second scan
pulse Vout2 from the second stage CST2. For this operation,
the the gate terminal of the sixteenth NMOS transistor Tr16 is
connected to the second stage CST2; the source terminal is
connected to the gate terminal of the twelfth NMOS transistor
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Tr12; and, the drain terminalis connected to the power line for
transferring the second voltage VSS.

The seventeenth NMOS transistor Trl17 supplies the sec-
ond voltage VSS to the gate terminal of the twelfth NMOS
transistor Tr12 in response to the scan pulse from the first
upstream stage, to turn off the twelfth NMOS transistor Tr12.
That is, the seventeenth NMOS transistor Tr17 turns off the
twelfth NMOS transistor Tr12 in response to the second scan
pulse Vout2 from the second stage CST2. For this operation,
the gate terminal of the seventeenth NMOS transistor Tr17 is
connected to the second stage CST2; the source terminal is
connected to the gate terminal of the twelfth NMOS transistor
Tr12; and, the drain terminalis connected to the power line for
transferring the second voltage VSS.

The eighteenth NMOS transistor Tr18 discharges the sec-
ondnode QB1 with the second voltage VSS in response to the
scan pulse from the first upstream stage. That is, the eigh-
teenth NMOS transistor Tr18 discharges the second node
QB1 with the second voltage VSS in response to the scan
pulse Vout2 from the second stage CST2. For this operation,
the gate terminal of the eighteenth NMOS transistor Tr18 is
connected to the second stage CST2; the source terminal is
connected to the second node QB1; and, the drain terminal is
connected to the power line for transferring the second volt-
age VSS.

The nineteenth NMOS transistor Tr19 discharges the third
node QB2 with the second voltage VSS in response to the
scan pulse from the first upstream stage. That is, the nine-
teenth NMOS transistor Tr19 discharges the third node QB2
with the second voltage VSS in response to the scan pulse
Vout2 from the second stage CST2. For this operation, the
gate terminal of the nineteenth NMOS transistor Tr19 is con-
nected to the second stage CST2; the source terminal is con-
nected to the third node QB2; and, the drain terminal is
connected to the power line for transferring the second volt-
age VSS.

The twentieth NMOS transistor Tr20 discharges the first
node Q with the second voltage VSS in response to a scan
pulse from the stage arranged second downstream from the
third stage CST3. That is, the twentieth NMOS transistor
Tr20 discharges the first node Q with the second voltage VSS
in response to the fifth scan pulse Vout5 from the fifth stage
CSTS5. For this operation, the gate terminal of the twentieth
NMOS transistor Tr20 is connected to the fifth stage CSTS5;
the source terminal is connected to the first node Q; and, the
drain terminal is connected to the power line for transferring
the second voltage VSS.

The first output unit 1205 of the third stage CST3 includes
twenty-first through twenty-third NMOS transistors Tr21 to
Tr23.

The twenty-first NMOS transistor Tr21 outputs the third
clock pulse CLK3 as a scan pulse, in response to the first
voltage VDD charged in the first node Q. The third scan pulse
Vout3 is supplied to both the second upstream stage and the
first downstream stage. For this operation the gate terminal of
the twenty-first NMOS transistor Tr21 is connected to the first
node Q; the source terminal is connected to the clock line for
transferring the third clock pulse CLK3; and, the drain termi-
nal is connected to the gate terminal of the twentieth NMOS
transistor Tr20 in the first stage CST1, and the gate terminals
of the first, ninth, tenth, sixteenth, seventeenth, eighteenth,
and nineteenth NMOS transistors Trl, Tr9, Tr10, Tr16, Tr17,
Tr18, and Tr19 in the fourth stage CST4.

The twenty-second NMOS transistor Tr22 outputs the sec-
ond voltage VSS in response to the third voltage VDD3
charged in the second node QB1. The second voltage VSS
from the twenty-second NMOS transistor Tr22 is supplied to
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the second upstream stage and first downstream stage. For
this operation, the gate terminal of the twenty-second NMOS
transistor Tr22 is connected to the second node QB1; the drain
terminal is connected to the power line for transferring the
second voltage VSS; and, the source terminal is connected to
the gate terminal of the twentieth NMOS transistor Tr20 in the
first stage CST1, and the gate terminals of the first, ninth,
tenth, sixteenth, seventeenth, eighteenth, and nineteenth
NMOS transistors Trl, Tr9, Tr10, Tr16, Tr17, Tr18, and Tr19
in the fourth stage CST4.

The twenty-third NMOS transistor Tr23 outputs the second
voltage VSS in response to the fourth voltage VDD4 charged
in the third node QB2. The second voltage VSS from the
twenty-third NMOS transistor Tr23 is supplied to the second
upstream stage and first downstream stage. For this operation,
the gate terminal of the twenty-third NMOS transistor Tr23 is
connected to the second node QB1; the drain terminal is
connected to the power line for transferring the second volt-
age VSS; and, the source terminal is connected to the gate
terminal of the twentieth NMOS transistor Tr20 in the first
stage CST1, and the gate terminals of the first, ninth, tenth,
sixteenth, seventeenth, eighteenth, and nineteenth NMOS
transistors Trl, Tr9, Tr10, Tr16, Tr17, Tr18, and Tr19 in the
fourth stage CST4.

The second output unit 120¢ of the third stage CST3
includes twenty-fourth through twenty-sixth NMOS transis-
tors Tr24 to Tr26.

The twenty-fourth NMOS transistor Tr24 outputs the third
clock pulse CLK3 to the third gate line as a third scan pulse
Vout3, inresponse to the first voltage VDD charged in the first
node Q. For this operation, the gate terminal of the twenty-
fourth NMOS transistor Tr24 is connected to the first node Q;
the source terminal is connected to the clock line for trans-
ferring the third clock pulse CLK3; and the drain terminal is
connected to the third gate line.

The twenty-fifth NMOS transistor Tr25 outputs the second
voltage VSS to the third gate line in response to the third
voltage VDD3 charged in the second node QB1. For this
operation, the gate terminal of the twenty-fifth NMOS tran-
sistor Tr25 is connected to the second node QB1; the drain
terminal is connected to the power line for transferring the
second voltage VSS; and, the source terminal is connected to
the third gate line.

The twenty-sixth NMOS transistor Tr26 outputs the sec-
ond voltage VSS to the third gate line in response to the fourth
voltage VDD4 charged in the third node QB2. For this opera-
tion, the gate terminal of the twenty-sixth NMOS transistor
Tr26 is connected to the second node QB1; the drain terminal
is connected to the power line for transferring the second
voltage VSS; and, the source terminal is connected to the third
gate line.

The first and second stages CST1 and CST2, fourth
through n-th stages CST4 to CSTn, and first and second
dummy stages CSTn+1 and CSTn+2 have the same configu-
ration as the third stage CST3.

However, since there is no stage upstream from the first
stage CSTI1, the first, ninth, tenth, sixteenth, seventeenth,
eighteenth, and nineteenth NMOS transistors Tr1, Tr9, Tr10,
Tr16, Tr17, Tr18, and Tr19 in the first stage CST1 receive a
start pulse SP from the timing controller. That is, the first
NMOS transistor Trl of the first stage CST1 charges the first
node Q of the first stage CST1 with the first voltage VDD in
response to the start pulse SP from the timing controller.

The ninth NMOS transistor Tr9 of the first stage CST1
discharges the second node QB1 of the first stage CST1 with
the second voltage VSS in response to the start pulse SP from
the timing controller.
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The tenth NMOS transistor Tr10 of the first stage CST1
supplies the second voltage VSS to the gate terminal of the
fourth NMOS transistor Tr4 in response to the start pulse SP
from the timing controller, to turn off the fourth NMOS
transistor Trd4.

The sixteenth NMOS transistor Trl6 of the first stage
CST1 supplies the second voltage VSS to the gate terminal of
the twentieth NMOS transistor Tr12 in response to the start
pulse SP from the timing controller, to turn off the twentieth
NMOS transistor Tr12.

The seventeenth NMOS transistor Trl7 of the first stage
CST1 supplies the second voltage VSS to the gate terminal of
the twentieth NMOS transistor Tr12 in response to the start
pulse SP from the timing controller, to turn off the twentieth
NMOS transistor Tr12.

The eighteenth NMOS transistor Tr18 of the first stage
CST1 discharges the second node QB1 with the second volt-
age VSS in response to the start pulse SP from the timing
controller.

The nineteenth NMOS transistor Tr19 of the first stage
CST1 discharges the third node QB2 with the second voltage
VSS in response to the start pulse SP from the timing con-
troller.

There is no stage arranged second upstream from the first
stage CST1 or second stage CST2. For this reason, the first
stage CST1 supplies the first scan pulse Voutl output there-
from to the first gate line and second stage CST2. Similarly,
the second stage CST2 supplies the second scan pulse Vout2
output therefrom to the second gate line and third stage CST3.

There is no stage arranged first downstream from the sec-
ond dummy stage CSTn+2. Accordingly, the source terminal
of the twenty-first NMOS transistor Tr21, the drain terminal
of the twenty-second NMOS transistor Tr22, and the drain
terminal of the twenty-third NMOS transistor Tr23 in the
second dummy stage CSTn+2 are connected to the gate ter-
minal ofthe twentieth NMOS transistor Tr20 ofthe n-th stage
CSTn.

The stages CST1 to CSTn+2 of the second shift register
1105 have the same configuration as the stages CST1 to
CSTn+2 of the first shift register 110a.

FIGS. 13A and 13B are circuit diagrams illustrating the
third stage of the first shift register having the circuit configu-
ration shown in FI1G. 12.

The shift register according to the second embodiment
operates in the same manner as the circuits of the first embodi-
ment shown in FIGS. 9, 10A, and 10B. However, each of the
stages CST1 to CSTn+2 in the shift register according to the
second embodiment outputs two scan pulses. One scan pulse
from each stage is supplied to the first downstream stage and
second upstream stage. The other scan pulse from each stage
is supplied to the associated gate line. Each of the first and
second dummy stages CSTn+1 and CSTn+2 may output a
single scan pulse.

As apparent from the above description, the shift register of
the LCD device according to the present invention sequen-
tially outputs scan pulses having an increased pulse width
such that successive ones of the scan pulses are overlapped
with each other for a predetermined time. Accordingly, it is
possible to increase the effective charging time for which the
scan pulses are maintained at a target voltage, and thus, to
prevent distortion of the scan pulses. In this case, itis possible
to secure a sufficient effective charging time for normal appli-
cation of a data voltage to pixel electrodes even when the scan
pulses are distorted by the resistance and capacitance com-
ponents of gate lines.

Although only a few exemplary embodiments of this
invention have been described in detail above, those skilled in
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the art will readily appreciate that many modifications are
possible in the exemplary embodiments without materially
departing from the novel teachings and advantages of the
invention. Accordingly, all such modifications are intended to
be included within the scope of this invention as defined in the
following claims.

What is claimed is:

1. A gate driver for driving gate lines of a display device

comprising:

a first shift register for sequentially supplying first scan
pulses to first-side ends of gate lines, the first shift reg-
ister simultaneously driving at least two adjacent first-
side gate lines for a predetermined period of time,
wherein the first shift register includes a plurality of
stages arranged sequentially, and adapted to supply the
first scan pulses to the first-side gate lines;

a second shift register for sequentially supplying second
scan pulses to second-side ends of gate lines, the second
shift register simultaneously driving at least two adja-
cent second-side gate lines for a predetermined period of
time;

wherein each of the stages included in the first shift register
comprises: a node controller for controlling logic states
of first, second, and third nodes; a first output unit for
outputting one of an associated scan pulses oroff voltage
in accordance with the logic states of the first, second,
and third nodes, and supplying output one of the scan
pulse or off voltage to an associated one of the first side
gate lines, wherein the scan pulse or off voltage from the
first output unit is output through a first output terminal;
and a second output unit for outputting one of the asso-
ciated scan pulse or the off voltage in accordance with
the logic states of the first, second, and third nodes, and
supplying one of the output scan pulse or the off voltage
to one of the stages arranged downstream from the stage,
and to one of the stages arranged upstream from the
stage, wherein the scan pulse or off voltage from the
second output unit is output through a second output
terminal;

wherein the node controller of an n-th one of the stages
included in the first shift register comprises:

a first switching element for charging the first node with a
first voltage in response to one of a start pulse and the
scan pulse from an n-1-th stage;

a second switching element for discharging the second
node with a second voltage in response to the first volt-
age charged in the first node;

a third switching element for discharging the third node
with the second voltage in response to the first voltage
charged in the first node;

a fourth switching element for outputting a third voltage,
which is alternately varied in polarity on a frame basis,
when the fourth switching element is turned on, the
fourth switching element being turned on or off in
response to the third voltage;

a fifth switching element for charging the second node with
the third voltage in response to the third voltage output
from the fourth switching element;

a sixth switching element for discharging the first node
with the second voltage in response to the third voltage
charged in the second node;

a seventh switching element for discharging the third node
with the second voltage in response to the third voltage
charged in the second node;

an eighth switching element for supplying the second volt-
age to a gate terminal of the fifth switching element in
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response to the first voltage charged in the first node, to
turn off the fifth switching element;

aninth switching element for supplying the second voltage
to the gate terminal of the fifth switching element in
response to one of the start pulse or the scan pulse from
the n-1-th stage, to turn off the fifth switching element;

atenth switching element for supplying the second voltage
to the gate terminal of the fifth switching element in
response to one of the start pulse or the scan pulse from
the n-1-th stage, to turn off the fifth switching element;

an eleventh switching element for outputting a fourth volt-
age, which has a polarity opposite to the polarity of the
third voltage, when the eleventh switching element is
turned on, the eleventh switching element being turned
on or off in response to the fourth voltage;

a twelfth switching element for charging the third node
with the fourth voltage in response to the fourth voltage
output from the eleventh switching element;

a thirteenth switching element for discharging the first
node with the second voltage in response to the fourth
voltage charged in the third node;

a fourteenth switching element for discharging the second
node with the second voltage in response to the fourth
voltage charged in the third node;

a fifteenth switching element for supplying the second
voltage to a gate terminal of the twelfth switching ele-
ment in response to the first voltage charged in the first
node, to turn off the twelfth switching element;

a sixteenth switching element for supplying the second
voltage to the gate terminal of the twelfth switching
element in response to one of the start pulse or the scan
pulse from the n-1-th stage, to turn off the twelfth
switching element;

a seventeenth switching element for supplying the second
voltage to the gate terminal of the twelfth switching
element in response to one of the start pulse or the scan
pulse from the n-1-th stage, to turn off the twelfth
switching element;

an eighteenth switching element for discharging the sec-
ond node with the second voltage in response to one of
the start pulse or the scan pulse from the n-1-th stage;

a nineteenth switching element for discharging the third
node with the second voltage in response to one of the
start pulse or the scan pulse from the n-1-th stage; and

atwentieth switching element for discharging the first node
with the second voltage in response to the scan pulse
from an n+2-th stage.

2. The gate driver according to claim 1, wherein the first
scan pulse for driving a n+1-th first side gate line (“n” is a
natural number) is supplied to the n+1-th first-side gate line
within a period of time for which the first scan pulse for

driving the n-th first-side gate line is in an active state.
3. The gate driver according to claim 1, wherein the second

scan pulse for driving a n+1-th second-side gate line (“n” is a
natural number) is supplied to the n+1-th second side gate line
within a period of time for which the second scan pulse for

driving the n-th second-side gate line is in an active state.

4. The gate driver of claim 3, wherein the second scan pulse
for driving the n+1-th second-side gate line is supplied simul-
taneously with the first scan pulse for driving the n+1-th
first-side gate line.

5. The gate driver of claim 4, wherein the first-side end of
the n-th gate line and second side end of the n-the gate line are
opposite ends of the same gate line.
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6. The gate driver according to claim 1, further comprising:

atiming controller for supplying a plurality of clock pulses
each having a time or phase difference from one another
to the first shift register.

7. The gate driver according to claim 1, further comprising:

atiming controller for supplying a plurality of clock pulses
each having a time or phase difference from one another
to the first shift register and to the second shift register.

8. The gate driver according to claim 3, wherein the

sequential clock pulses outputted in adjacent time periods
have a concurrent active state for a predetermined period of
time.

9. The gate driver according to claim 4, wherein the time

period where successive clock pulses are simultaneously in
an active state has a period equal to a time period for which
suiccessive scan pulses are simultaneously in an active state.

10. The gate driver according to claim 1, wherein the sec-

ond shift register includes a plurality of stages arranged
sequentially, and adapted to supply the second scan pulses to
the second-side gate lines.

11. The gate driver according to claim 1, wherein:

a first one of the stages in the first shift register is enabled
in response to a first start pulse; and

asecond one of the stages included in the first shift register
is enabled in response to a second start pulse.

12. The gate driver according to claim 11, wherein:

the first shift register further comprises:

a first dummy stage for outputting a scan pulse for dis-
abling a stage arranged next upstream from a last one of
the stages in the first shift register; and

a second dummy stage for outputting a scan pulse for
disabling last one of the stages in the first shift register.

13. The gate driver according to claim 12, wherein the

second dummy stage is enabled in response to the scan pulse
output from the first dummy stage.

14. The gate driver according to claim 1, wherein the first

output unit of the n-th stage in the first shift register further
comprises:

a twenty-first switching element for supplying a scan pulse
to the gate line associated with the n-th stage in response
to the first voltage charged in the first node;

a twenty-second switching element for supplying the sec-
ond voltage to the gate line in response to the third
voltage charged in the second node; and

a twenty-third switching element for supplying the second
voltage to the gate line in response to the fourth voltage
charged in the third node.

15. The gate driver according to claim 14, wherein the

second output unit of the n-th stage in the first shift register
further comprises:

a twenty-fourth switching element for supplying a scan
pulse to n+1-th and n-2-th stages in response to the first
voltage charged in the first node;

a twenty-fifth switching element for supplying the second
voltage to the n+1-thand n-2-th stages in response to the
third voltage charged in the second node; and

atwenty-sixth switching element for supplying the second
voltage to the n+1-thand n-2-th stages inresponse to the
fourth voltage charged in the third node.

16. The gate driver according to claim 7, wherein each of

the stages included in the second shift register is enabled in
response to the second scan pulse output from one of the
stages arranged upstream from the stage, to output an asso-
ciated one of the second scan pulses, and is disabled in
response to the second scan pulse output from one of the
stages arranged downstream from the stage.
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17. The gate driver according to claim 16, wherein an n-th
one of the stages included in the second shift register (where
“n” is a natural number) is enabled in response to the second
scan pulse output from the n-1-th stage, to output an associ-
ated one of the second scan pulses, and is disabled in response
to the scan pulse output from the n+2-th stage.

18. The gate driver according to claim 17, wherein:

a first one of the stages included in the second shift register

is enabled in response to a first start pulse; and

a second one of the stages included in the second shift

register is enabled in response to a second start pulse.

19. The gate driver according to claim 17, wherein:

the second shift register further comprises:

a first dummy stage for outputting a scan pulse for dis-
abling a last one of the stages in the second shift register;
and

a second dummy stage for outputting a scan pulse for
disabling the stage arranged next upstream from the last
stage.

20. The gate driver according to claim 19, wherein the
second dummy stage is enabled in response to the scan pulse
output from the first dummy stage.

21. The gate driver according to claim 10, wherein each of
the stages included in the second shift register includes:

a node controller for controlling logic states of first, sec-

ond, and third nodes; and

a first output unit for outputting one of scan pulse or off
voltage in accordance with the logic states of the first,
second, and third nodes, and supplying one of output
scan pulse or off voltage to an associated one of the gate
lines; and

a second output unit for outputting one of scan pulse or off
voltage in accordance with the logic states of the first,
second, and third nodes, and supplying one of the output
scan pulse or off voltage to one of the stages arranged
downstream from the stage in subject, and to one of the
stages arranged upstream from the stage in subject.

22. The gate driver according to claim 21, wherein the node
controller of an n-th one of the stages included in the second
shift register includes:

a first switching element for charging the first node with a
first voltage in response to one of a start pulse and the
scan pulse from an n-1-th stage;

a second switching element for discharging the second
node with a second voltage in response to the first volt-
age charged in the first node;

a third switching element for discharging the third node
with the second voltage in response to the first voltage
charged in the first node;

a fourth switching element for outputting a third voltage,
which is alternately varied in polarity on a frame basis,
when the fourth switching element is turned on, the
fourth switching element being turned on or off in
response to the third voltage;

afifth switching element for charging the second node with
the third voltage in response to the third voltage output
from the fourth switching element;

a sixth switching element for discharging the first node
with the second voltage in response to the third voltage
charged in the second node;
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a seventh switching element for discharging the third node
with the second voltage in response to the third voltage
charged in the second node;

an eighth switching element for supplying the second volt-
age to a gate terminal of the fifth switching element in
response to the first voltage charged in the first node, to
turn off the fifth switching element;

a ninth switching element for supplying the second voltage
to the gate terminal of the fifth switching element in
response to one of the start pulse or the scan pulse from
the n-1-th stage, to turn off the fifth switching element;

a tenth switching element for supplying the second voltage
to the gate terminal of the fifth switching element in
response to one of the start pulse or the scan pulse from
n-1 stages, to turn off the fifth switching element;

an eleventh switching element for outputting a fourth volt-
age, which has a polarity opposite to the polarity of the
third voltage, when the eleventh switching element is
turned on, the eleventh switching element being turned
on or off in response to the fourth voltage;

a twelfth switching element for charging the third node
with the fourth voltage in response to the fourth voltage
output from the eleventh switching element;

a thirteenth switching element for discharging the first
node with the second voltage in response to the fourth
voltage charged in the third node;

a fourteenth switching element for discharging the second
node with the second voltage in response to the fourth
voltage charged in the third node;

a fifteenth switching element for supplying the second
voltage to a gate terminal of the twelfth switching ele-
ment in response to the first voltage charged in the first
node, to turn off the twelfth switching element;

a sixteenth switching element for supplying the second
voltage to the gate terminal of the twelfth switching
element in response to one of the start pulse or the scan
pulse from the n-1-th stage, to turn off the twelfth
switching element;

a seventeenth switching element for supplying the second
voltage to the gate terminal of the twelfth switching
element in response to one of the start pulse or the scan
pulse from the n-1-th stage, to turn off the twelfth
switching element;

an eighteenth switching element for discharging the sec-
ond node with the second voltage in response to one of
the start pulse or the scan pulse from the n-1-th stage:

a nineteenth switching element for discharging the third
node with the second voltage in response to one of the
start pulse or the scan pulse from the n-1-th stage; and

atwentieth switching element for discharging the first node
with the second voltage in response to the scan pulse
from an n+2-th stage.

23. The gate driver according to claim 22, wherein the first

output unit ofthe n-th stage in the second shift register further
includes:

a twenty-first switching element for supplying a scan pulse
to the gate line associated with the n-th stage in response
to the first voltage charged in the first node;

a twenty-second switching element for supplying the sec-
ond voltage to the gate line in response to the third
voltage charged in the second node; and
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a twenty-third switching element for supplying the second
voltage to the gate line in response to the fourth voltage
charged in the third node.

24. The gate driver according to claim 23, wherein the
second output unit ofthe n-th stage in the second shift register
further includes:

a twenty-fourth switching element for supplying a scan

pulse to n+1-th and n-2-th stages in response to the first
voltage charged in the first node;

5
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a twenty-fifth switching element for supplying the second
voltage to the n+1-thand n-2-th stages in response to the
third voltage charged in the second node; and

atwenty-sixth switching element for supplying the second

voltage to the n+1-thand n-2-th stages in response to the
fourth voltage charged in the third node.
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