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DRIVING CIRCUIT OF LIQUID CRYSTAL
DISPLAY

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The presentinvention relates to a technique for driv-
ing a liquid crystal panel of a liquid crystal display (LCD)
and, more particularly, to a driving circuit of an LCD capable
of preventing degradation of characteristics of transistors
constituting a gate driving unit, an element of a gate driving
unit.

[0003] 2. Description of the Related Art

[0004] Recently, as the information technology (IT) is
advancing, the importance of a flat panel display device is
further emphasized as a visual information transmission
medium, and in order to obtain a competitive edge in the
future, the flat panel display device is required to have low
power consumption, to be thinner and lighter, and to have
high picture quality. A liquid crystal display (LCD), a typical
display device of the flat panel display devices, displays an
image by using optical anisotropy of liquid crystal. With the
advantages of being thinner and smaller and having low
power consumption and high picture quality, the LCD is
widely applied for display devices of various mobile termi-
nals such as a TV receiver or the like.

[0005] The LCD is a display device in which image infor-
mation is individually supplied to liquid crystal pixels
arranged in a matrix form to control light transmittance of the
liquid crystal pixels to thereby display a desired image. Thus,
the LCD includes a liquid crystal panel with liquid crystal
pixels, the minimum unit for implementing an image,
arranged in a matrix form and a driver for driving the liquid
crystal panel. Because the LCD does not emit light by itself,
it includes a backlight unit to provide light to the LCD. The
driver includes a data driving unit and a gate driving unit as
well as a timing controller.

[0006] FIG. 1 is a block diagram of a related art LCD. As
shown in FIG. 1, the related art LCD includes a timing con-
troller 14 that outputs a gate control signal GDC and a data
control signal DDC for controlling driving of a gate driving
unit 12 and a data driving unit 13, samples digital video data
RGB, realigns them, and outputs the same; the gate driving
unit 12 that supplies gate signals to gate lines GL0~GLn of a
liquid crystal panel 14 in response to the gate control signal
GDC; a data driving unit 13 that supplies pixel signals to data
lines DL1~DLm of the liquid crystal panel 14 in response to
the data control signal DDC; and the liquid crystal panel 14
including liquid crystal cells arranged in a matrix form and
driven by the gate signals and the pixel signals to display an
image. The operation of the LCD will now be described with
reference to FIGS. 2 to 7.

[0007] The timing controller 11 outputs the gate control
signal GDC for controlling the gate driving unit 12 and the
data control signal DDC for controlling the data driving unit
13 by using a vertical/horizontal synchronization signals
(Hsync/Vsync) supplied from a system. Also, the timing con-
troller 11 samples digital pixel data RGB inputted from the
system, realigns the same and supplies it to the data driving
unit 13.

[0008] The gate control signal GDC includes a gate start
pulse GSP, a gate shift clock signal GSC, a gate out enable
signal GOE, or the like, and the data control signal DDC
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includes a source start pulse SSP, a source shift clock signal
SSC, a source out enable signal SOE, and a polarity signal
POL.

[0009] The gate driving unit 12 sequentially supplies gate
signals to the gate lines GL1~GLn in response to the gate
control signal GDC inputted from the timing controller 11,
and accordingly, thin film transistors TFTs in the horizontal
lines are turned on. Accordingly, pixel signals supplied via the
data lines DL1~DLm are stored in each storage capacitor Cst
via the TFTs.

[0010] Indetail, the gate driving unit 12 shifts the gate start
pulse GSP according to the gate shift clock GSC to generate
a shift pulse. The gate driving unit 12 supplies a gate signal
including a gate-on and gate-off intervals (signals) to a cor-
responding gate line GL at every horizontal period in
response to the shift clock. In this case, the gate driving unit
supplies a gate-on signal only during an enable period in
response to the gate out enable signal GOE, and supplies a
gate-off signal during other period.

[0011] Inresponse to the data control signal DDC inputted
from the timing controller 11, the data driving unit 13 con-
verts the pixel data RGB into an analog pixel signal (data
signal or data voltage) corresponding to a gray scale value of
the pixel data RGB, and supplies the converted pixel signal to
the data lines DL1~DLm on the liquid crystal panel 14.
[0012] The liquid crystal panel 14 includes a plurality of
liquid crystal cells C, . arranged in a matrix form and TFTs
formed at every crossing of the datalines DL.1~DLm and gate
lines GL1~GLn and connected to each liquid crystal cell C; .
When the gate signals are supplied from the gate lines GL, the
TFTs are turned on to supply the pixel signals supplied via the
data lines DL to the liquid crystal cells C, ... When the gate off
signal is supplied through the gate lines GL, the TFTs are
turned off to allow the pixel signal charged in the liquid
crystal cell C, ~to be maintained.

[0013] Theliquid crystal cell C, .. includes a common elec-
trode and a pixel electrode connected with the TFTs with
liquid crystals interposed therebetween. The liquid crystal
cell C, . further includes a storage capacitor Cg in order to
stably maintain the charged pixel signal until a next pixel
signal is charged. The storage capacitor Cg, is formed
between the pixel electrode and a gate line of a previous stage.
In the liquid crystal cell C, ., the arrangement of liquid crys-
tals having dielectric anisotropy varies according to the pixel
signal charged through the TFT, and accordingly, the light
transmittance is adjusted to implement gray scales.

[0014] Asshownin FIG. 2, the gate driving unit 12 includes
gate drivers GD1~GDn operating according to a shift register
method, and outputs gate signals VGOUT[1]~VGOUT|[N] at
the same timing as that shown in FIG. 3 by a clock signal
CLK, a start signal VST and a reset signal RST supplied from
the timing controller 11. Namely, after the start signal VST is
inputted, the gate drivers GD1~GDn sequentially output the
gate signals VGOUT[1]~VGOUTI[N] in synchronization
with corresponding clock signals CLK[1]~CLK|[N]. The gate
lines GL1~GLn on the liquid crystal panel 14 are driven by
the thusly outputted gate signals VGOUT[1]~VGOUTI[N].
The operation of generating the gate signals VGOUT[1]
~VGOUTIN] is repeated by frames.

[0015] FIG. 4 is a detailed circuit diagram showing the gate
drivers GD1~GDn. A first AND gate AD11 ANDs control
signals CTL supplied from the timing controller 11 and sup-
plies a set signal (S) of an RS flipflop FF11, and a second
AND gate AD12 ANDs the control signals CTL and supplies
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a reset signal (R) of the flip-flop FF11. The RS flipflop FF11
are operated by the supplied set signal (S) and the reset signal
(R) to output the opposite logic signals as shown in FIG. 5 to
its output terminals Q and QB.

[0016] In other words, when a gate high voltage V4 is
outputted to the output terminal (Q) of the RS flipflop FF11,
a large-size charging transistor T, is turned on, and at this
time, a small-size discharging transistor T, is turned off by
a gate low voltage V, outputted from the inversion output
terminal QB of the RF flipflop FF11. In this state, when the
clock signal CLK is supplied, the gate high voltage VGH is
supplied to the corresponding gate line GL from the charging
transistor T .

[0017] Thereafter, in a discharge mode, the discharging
transistor T, is turned on by the gate high voltage V5,
outputted from the inversion output terminal QB of the RS
flipflop FF11. Accordingly, the gate high voltage V 5, charg-
ing voltage of the gate line GL, is discharged via the discharg-
ing transistor T ,,, and maintained as a gate low voltage V ;.
[0018] The charging transistor T,,, and the discharging
transistor Tp,, are implemented as an a-Si:H TFT. When a
positive polarity DC voltage is supplied between a source
electrode and a gate electrode in such a transistor, a threshold
voltage is increased to degrade the characteristics to reduce an
output current.

[0019] In this respect, as shown in FIG. 5, it is noted that a
high level voltage is outputted from the output terminal (Q) of
the RS flipflop FF11 to a gate electrode of the charging
transistor T,, during a short time corresponding to a charge
time of the gate line. Thus, the charging transistor T,, can
receive a stress voltage during the short time period.

[0020] Incomparison, it is noted that a high level voltage is
outputted from the output terminal QB of the RF flipflop FF11
to a gate electrode of the discharging transistor T ,,, during a
long time excluding the charge time of the gate line. Thus, the
discharging transistor T, receives the stress voltage during a
relatively even longer time compared with that of the charg-
ing transistor T

[0021] Thus, in the related art LCD, when the gate driving
unit outputs the gate signals to the respective gate lines of the
liquid crystal panel, the high level gate voltage is supplied to
the charging transistor during a short time period, so degra-
dation of characteristics proceeds relatively slow. Mean-
while, the discharging transistor at each gate driving unit
receives the gate voltage of high level during a longer time
compared with that of the charging transistor, so degradation
of characteristics proceeds fast as much. This results in
lengthening of a discharge time of the gate lines, causing a
problem in that an interval, which is to be maintained in an
OFF state, is not turned off to output an abnormal voltage.
[0022] In addition, the charging transistor T, and the dis-
charging transistor T, are implemented by a-Si:H, having a
disadvantage that the charging transistor T,,, and the dis-
charging transistor T, have low mobility. Thus, the related
art LCD has the problem that gate lines are not discharged
within a line time.

SUMMARY OF THE INVENTION

[0023] Therefore, in order to address the above matters, the
various features described herein have been conceived. One
aspect of the exemplary embodiments is to prevent degrada-
tion of characteristics of transistors constituting each gate
driver, elements of a gate driving unit, in implementing the
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gate driving unit that supplies gate signals to a liquid crystal
panel of a liquid crystal display (LCD).

[0024] This specification provides a driving circuit of an
LCD, including: a timing controller to output a gate control
signal and a data control signal to control driving of a gate
driving unit and a data driving unit and to output digital video
data; a pair of gate driving units to be alternately driven by
using at least one frame as a period to supply gate signals to
gate lines of a liquid crystal panel in response to the gate
control signal; and a data driving unit to supply pixel signals
to data lines of the liquid crystal panel in response to the data
control signal.

[0025] The foregoing and other objects, features, aspects
and advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 is a driving block diagram of a related art
liquid crystal display (LCD);

[0027] FIG. 2 is a detailed block diagram of a gate driving
unit in FIG. 1;

[0028] FIG. 3 shows waveforms of each part in FIG. 2;
[0029] FIG. 4is a circuit diagram of a gate driver in FIG. 2;
[0030] FIG. 5is a view showing an output signal timing of

an RS flipflop in FIG. 4;

[0031] FIG. 6 is a block diagram of a driving circuit of an
LCD according to a first embodiment of the present inven-
tion;

[0032] FIG. 7 is a detailed block diagram of gate driving
units in FIG. 6;

[0033] FIG. 8is a circuit diagram of a gate driver in FIG. 7;
[0034] FIG. 9 shows waveforms of each part in FIG. 8;
[0035] FIG. 10 is a timing diagram of each frame of two

gate driving units in FIG. 9;

[0036] FIG. 11 is a detailed circuit diagram showing an
example of implementation of gate drivers in FIG. 8;

[0037] FIGS. 12a to 12¢ show waveforms obtained from
simulation results of the gate driving units according to the
first embodiment of the present invention;

[0038] FIG. 13 is a graph showing waveforms of an accu-
mulated stress voltage of transistors of a gate driver according
to the first embodiment of the present invention;

[0039] FIG.14isablock diagram of a gate driving circuit of
a LCD according to a second embodiment of the present
invention;

[0040] FIG. 15 is a circuit diagram of a gate driver in FIG.
14;
[0041] FIG. 16 shows waveforms of signals outputted from

each part in FIG. 15;

[0042] FIG. 17 is a detailed circuit diagram showing an
example of implementation of the gate driver in FIG. 15;
[0043] FIG. 18 is a detailed circuit diagram showing
another example of implementation of the gate driver in FIG.
15;

[0044] FIG. 19 shows waveforms of simulation results with
respect to the gate driving circuit according to the second
embodiment of the present invention; and
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[0045] FIG. 20 is a graph comparatively showing wave-
forms of output signals of the gate driver according to the
second embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0046] Exemplary embodiments of the present invention
will now be described in detail with reference to the accom-
panying drawings.

[0047] First, a driving circuit of a liquid crystal display
(LCD) according to a first embodiment of the present inven-
tion will now be described with reference to FIGS. 6 to 13.
[0048] FIG. 6 is a block diagram of driving circuit of an
LCD according to a firstembodiment of the present invention.
With reference to FIG. 6, the driving circuit of the LCD
according to the first embodiment of the present invention
includes: a timing controller 91 that outputs a gate control
signal GDC and a data control signal DDC for controlling
driving of a gate driving unit 92 and a data driving unit 93,
samples digital video data RGB, realigns them, and outputs
the same; a pair of gate driving units 91 and 92 that alternately
supply gate signals to gate lines GLO~GLn of a liquid crystal
panel 94 in response to the gate control signal GDC; a data
driving unit 93 that supplies pixel signals to data lines
DL1~DLm of the liquid crystal panel 94 in response to the
data control signal DDC; and the liquid crystal panel 94
including liquid crystal cells arranged in a matrix form and
driven by the gate signals and the pixel signals to display an
image.

[0049] FIG.7is adetailed block diagram ofthe gate driving
units in FIG. 6. With reference to FIG. 7, the gate driving units
91 and 92 include gate drivers GD11~GD1n and
GD21~GD2# driven according to a shift register method and
alternately selected to be driven by an enable signal ENA
supplied from the timing controller 19 by using a single frame
as a period to output gate signals VGOUT[1]~VGOUT|[N].
The gate driving units 91 and 92 include the first gate driving
unit 91 and the second gate driving unit 92, and the gate
drivers GD11~GD1# and GD21~GD2# include the first gate
drivers GD11~GD1# and second gate drivers GD21~GD2x.
[0050] FIG. 8 is a circuit diagram of the gate drivers
GD11~GD1# and GD21~GD2#r in FIG. 7. As shown, each
gate driver includes an RS flipflop FF21 that outputs the
opposite logic signal to two output terminals Q and QB
according to a set signal and a re-set signal, an AND gate
AD21 that ANDs a signal outputted from the inversion output
terminal QB of the RS flipflop FF21 and an enable signal
ENA to validate (effectuate) them at an odd number or even
number frame period; and a charging transistor T,,, ad a
discharging transistor T »,, connected in series between a ter-
minal of a clock signal CLK and a ground terminal, having
gate electrodes respectively connected to the output terminal
Q and to the inversion output terminal QB of the RS flipflop
FF21 to generate a gate signal G[N] from a common connec-
tion point of a drain electrode and a source electrode.

[0051] The operation of the driving circuit of the LCD
according to the first embodiment of the present invention
will now be described in detail with reference to FIGS. 9 to
13.

[0052] With reference to FIG. 6, the first and second gate
driving units 92A and 92B are alternately driven by using at
least one frame as a period to output gate signals to the gate
lines GL1~GLn of the liquid crystal panel 94. Operations at
other parts are performed in the same manner as those in the
general LCD.
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[0053] Namely, the timing controller 19 outputs the gate
control signal GDC for controlling the gate driving units 92A
and 92B and the data control signal DDC for controlling the
data driving unit 93 by using vertical/horizontal synchroni-
zation signals (Hsync/Vsync) and a clock signal CLK sup-
plied from a system. And, the timing controller 91 samples
digital pixel data RGB inputted from the system, realigns
them, and supplies the same to the data driving unit 93.

[0054] The gate control signal includes a gate start pulse
GSP, a gate shift clock signal GSC, a gate out enable signal
GOE, or the like, and the data control signal DDC includes a
source start pulse SSP, a source shift clock signal SSC, a
source out enable signal SOE, and a polarity signal POL.

[0055] Inresponse to the gate control signal GDC inputted
from the timing controller 91, the first and second driving
units 92A and 92B are alternately driven by using at least one
frame as a period to supply gate signals to the gate lines
GL1~GLn of the liquid crystal panel 94. Accordingly, corre-
sponding TFTs in a corresponding horizontal line are turned
on. Accordingly, the pixel signals supplied through the data
lines DL1~DLm are stored in each storage capacitor Cg,
through the TFTs.

[0056] Inresponse to the data control signal DDC inputted
from the timing controller 91, the data driving unit 93 con-
verts the pixel data into analog pixel signals corresponding to
a gray scale value and supplies the converted pixel signals to
the data lines DL.1~DLm of the liquid crystal panel 94.

[0057] The liquid crystal panel 94 includes a plurality of
liquid crystal cells C, . arranged in a matrix form and the
TFTs formed at each crossing of the data lines DL1~DLm and
the gate lines GL1~GLn and connected to the liquid crystal
cells C,. The TFTs are turned on when gate signals are
supplied from the gate lines GL, to supply pixel signals sup-
plied through the data lines DL to the liquid crystal cells C, ...
When a gate off signal is supplied through the gate lines GL,
the TFTs are turned off to allow the pixel signals charged in
the liquid crystal cells C; .~ to be maintained. In the liquid
crystal cells C, ., the arrangement of liquid crystals having
dielectric anisotropy varies according to the pixel signals
charged through the TFTs, and accordingly, light transmit-
tance is adjusted to implement gray scales.

[0058] In the present invention, the pair of gate driving
units 92A and 92B are provided and are alternately driven by
using a single frame as a period to supply gate signals to the
gate lines GL.1~GLn of the liquid crystal panel 94 each time.

[0059] Here, the case where the first gate driving unit 92A
operates during the odd number frame and the second gate
driving unit 92B operates during the even number frame is
taken as an example, but the present invention is not limited
thereto, and various other examples can be possible, for
example, the first gate driving unit 92A may operate during
the even number frame and the second gate driving unit 92B
operate at the odd number frame without departing from the
sprit or scope of the present invention.

[0060] As shown in FIG. 10, the pair of gate driving units
92A and 92B include the gate drivers GD11~GD1# include
gate drivers GD11~GD1z and GD21~GD2r operating
according to a shift register method, respectively, are driven
by the enable signal ENA supplied from the timing controller
91, and output gate signals VGOUT[1]~VGOUTIN] to the
gate lines GL1~GLn of the liquid crystal panel 94 according
to the clock signal CLK, the start signal VST and the reset
signal RST.
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[0061] FIG. 8 shows an example of the gate drivers
GD11~GD1#r and GD21~GD2#. Only one of the gate drivers
GD11~GD1#r and GD21~GD2# is illustrated for the sake of
brevity. The operation of the gate drivers will now be
described with reference to FIG. 9.

[0062] The gate driver circuit as shown in FIG. 8 is one of
the gate drivers GD11~GD1#» and GD21~GD2#r constituting
the gate driving units 92A and 92B which operates at every
odd number frame or even number frame. In the operation
frame mode, the enable signal ENA is supplied with a high
level from the timing controller 91 as shown in FIG. 9.
[0063] At the interval t1 in a charge mode, a gate signal
G[N-1] of a previous stage is inputted with a high level to the
set terminal (S) of the RS flipflop FF21, so a voltage VM of an
intermediate level is outputted to the output terminal (Q), and
accordingly, the charging transistor T, of the large size is
turned on. The voltage VM of intermediate level is obtained
by subtracting a threshold voltage of the input terminal tran-
sistor from a supplied voltage (V 5p-V ).

[0064] At this time, the reset signal RESET is inputted with
alow level to the reset terminal (R) of the RS flipflop FF21, so
the low-level signal is outputted to the inversion output ter-
minal QB, and accordingly, because the signal of low level is
outputted to the output terminal Gd of the AND gate AD21,
the charging transistor T, of the small size is turned off.
[0065] Thereafter, at the interval t2 in the charge mode, a
clock signal (CLK=CLK]1]) is inputted with a high level.
Accordingly, because of a coupling phenomenon of a para-
sitic capacitance C,; between the gate electrode and the drain
electrode of the charging transistor T, the voltage of the
output terminal (Q) is bootstrapped to a voltage VH with a
higher level as the voltage VM of the intermediate level and
the voltage V ,, of the clock signal CLK are added thereto.
Accordingly, the gate signal G[N] is outputted with the volt-
age level VGH of'the clock signal CLK from a corresponding
gate driver at the interval t2.

[0066] The gate signal G[N] outputted from the corre-
sponding gate driver is commonly supplied to the correspond-
ing gate line of the liquid crystal panel 84 and to the set
terminal (S) of the RS flipflop FF21 of the gate driver of the
next stage.

[0067] Thereafter, at the interval t3 in a discharge mode, the
clock signal (CLK=CLK][1]) is dropped to a voltage VGL of
a low level and a clock signal (CLK=CLK]2]) supplied to a
gate driver of the next stage is increased to a high level
voltage. At this time, a gate signal G[N-1] of a previous stage
is inputted with a low level to the set terminal (S) of the RS
flipflop FF21. Accordingly, the charging transistor T,, is
turned off.

[0068] At thistime, the reset signal RESET is inputted with
a high level to the reset terminal (R) of the RS flipflop FF21,
so the high level signal is outputted to the inversion output
terminal QB, and accordingly, because the high level signal is
outputted to the output terminal Gd of the AND gate AD21,
the discharging transistor T, is turned on. Accordingly, a
discharging operation of the gate signal G[N] is performed
through the discharging transistor T, and thus, the potential
of the corresponding gate line transitions to a low level.
[0069] Thereafter, when the enable signal ENA transitions
to a low level, the terminal of the gate signal G[N] is changed
to a floating state, namely, to a high impedance state (Hi-Z).
[0070] FIG. 10 shows an operation timing diagram of the
gate drivers operating as shown in FIG. 8 by discriminating
the odd number frame and the even number frame. For the
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sake of explanation, outputs of the first gate drivers
GS11~GD1r are expressed as GO[1]~GO[N], and outputs of
the second gate drivers GD21~GD2n are expressed as GE[1]
~GE[N].

[0071] Namely, in the odd number frame, an enable signal
ENAO is supplied with a high level to an arbitrary gate driving
unit, e.g., the first gate drivers GD11~GD1# of the first gate
driving unit 92A, and as the first gate drivers GD11~GD1n
sequentially generate the gate signals GO[1]~GO[N] in syn-
chronization with the clock signal CLKO to. At this time, the
output terminals of the second gate drivers GD21~GD2n of
the second gate driving unit 92B are in a floating state (Hi-Z).
[0072] In the even number frame, conversely, the enable
signal ENAO is supplied with a high level to the second gate
drivers GD21~GD2# of the second gate driving unit 92B, and
the second gate drivers GD21~GD2n sequentially generate
the gate signals GO[1]~GO[N] in synchronization with the
clock signal CLKE. At this time, the output terminals of the
first gate drivers GE11~GE1n of the first gate driving unit
92A are in the floating state (Hi-Z).

[0073] FIG. 11 is a detailed circuit diagram showing an
example of implementation of the gate drivers GD11~GD1r
and GD21~GD2r in FIG. 8, and its operation will now be
described with reference to FIGS. 9 to 11. Here, first to fifth
transistors T1~T5 are elements of the RS flipflop FF21, sixth
and seventh transistors T6 and T7 are elements of the AND
gate AD21, and the charging transistor TPU and the discharg-
ing transistor TPD are elements of a gate signal output unit
111. In FIG. 11, it is shown that the first gate drivers
GD11~GD1# and the second gate drivers GD21~GD2# are
not discriminated.

[0074] When the gate signal G[N-1] of the previous stage
is inputted with a high level, the diode connection type first
transistor T1 is turned on, through which the voltage VM of
intermediate level is outputted to the output terminal (Q). The
gate signal G[N]-1 of the previous stage is a signal inputted
to the set terminal (S).

[0075] Atthistime, the reset signal RESET is inputted with
alow level, so the third transistor T3 is maintained in an OFF
state. In this state, the fifth transistor T5 is turned on by the
high level signal outputted via the first transistor T1 to main-
tain the potential of the inversion output terminal QB in a low
level, and accordingly, the sixth transistor T6 is turned off to
prevent the enable signal ENA from being transferred to the
output terminal Gd. At this time, because the seventh transis-
tor T7 is turned on by the gate signal G|N-1] of the high level
of the previous stage, the potential of the output terminal Gd
of'the AND gate AD21 is maintained at a low level. Thus, the
charging transistor T,,, of the gate signal output unit 111 is
turned on, while the discharging transistor T, is turned off.
[0076] Thereafter, when the gate signal G[N]-1 of the pre-
vious stage transitions to the low level and subsequently the
clock signal CLK is inputted with a high level, the voltage of
the output terminal (Q) of the RS flipflop FF21 is boot-
strapped to the voltage VH of a higher level as the voltage VM
of the intermediate level and the voltage V 4, of the clock
signal CLK are added thereto, due to a coupling phenomenon
of the parasitic capacitance C,, between the gate electrode
and drain electrode of the charging transistor T,,,. Accord-
ingly, the gate signal G[N] is outputted with the voltage level
V gz of the clock signal CLK from the gate signal output unit
111.

[0077] Thereafter, the clock signal CLK transitions to a low
level, and the reset signal RESET is inputted with a high level.
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Accordingly, the third transistor T3 is turned on and the
voltage of the output terminal (Q) is muted to a ground ter-
minal V g via the third transistor T3, and thus, the voltage of
the output terminal (Q) transitions to alow level. Accordingly,
the charging transistor T, is turned off.

[0078] As described above, when the gate signal GIN-1] of
the previous state transitions to the low level, the diode con-
nection type first transistor T1 is turned off. Accordingly, the
fifth transistor T5 is turned off, and accordingly, the high level
signal is outputted to the inversion output terminal QB via the
diode connection type fourth transistor T4.

[0079] Accordingly, the sixth transistor T6 is turned on, and
after the gate signal G[N-1] of the previous stage transitions
to the low level, the seventh transistor T7 is maintained in a
turned-off state. Accordingly, the high level signal is output-
ted to the output terminal Gd of the AND gate AD21, and
accordingly, the discharging transistor T, is turned on.
Accordingly, a discharging operation of the gate signal G[N]
is performed through the discharging transistor T,

[0080] FIGS. 12a to 12¢ show waveforms obtained from
simulation results of the operation of the gate driving units
92A and 92B in the driving circuit of the LCD according to
the first embodiment of the present invention. Namely, it is
noted that when potentials of the output node (Q) and the
inversion output node QB of the RS flipflop FF21, and the
output node Gd of the AND gate AD21 are normally gener-
ated as described above and the enable signal ENA transitions
to the low level, the output node Gd of the AND gate AD21
becomes low level, so, the terminal of the gate signal G[N] is
changed to the high impedance state (Hi-Z).

[0081] FIG. 13 is a graph showing waveforms of an accu-
mulated stress voltage of the charging transistor Tp;, and the
discharging transistor T, of the gate signal output unit 111 in
the gate drivers GD11~GD1# and GD21~GD2r of the gate
driving units 92A and 92B, in the driving circuit of the LCD
according to the first embodiment of the present invention.
[0082] As shown, the accumulated stress voltage of the
charging transistor T, is little increased from an initial low
value, and that of the discharging transistor T, is slightly
increased and then completely removed. Based on this, it can
be noted that, in the driving circuit of the LCD according to
the first embodiment of the present invention. The discharg-
ing operation of the gate line is quickly performed.

[0083] The LCD according to the first embodiment of the
present invention with such configuration is advantageous in
that the pair of gate driving units provided for the single liquid
crystal panel are alternately driven by frames to prevent accu-
mulated stress voltage from being continuously supplied to
the discharging transistor and charging transistor of each gate
driver of the gate driving units.

[0084] Thus, degradation of the characteristics of the dis-
charging transistor and the charging transistor can be pre-
vented and the gate line is quickly discharged, improving the
reliability.

[0085] Thedrivingcircuit ofthe LCD according to a second
embodiment of the present invention will now be described
with reference to FIGS. 14 to 19.

[0086] FIG. 14 shows a gate driving circuit as a driving
circuit of an LCD according to a second embodiment of the
present invention. With reference to FIG. 14, the driving
circuit of the LCD according to the second embodiment of the
present invention includes gate drivers GD21~GD2#n sequen-
tially driven in synchronization with clock signals
CLK1~CLK4 to output gate signals VGOUT[1]~VGOUT
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[N] to the gate lines of the liquid crystal panel, and gate
signals are discharged through both the charging transistor
and the discharging transistor of the gate drivers
GD21~GD2# in a discharge interval.

[0087] FIG. 15 is a detailed circuit diagram showing gate
drivers GD21~GD2nr in the driving circuit of the LCD accord-
ing to the second embodiment of the present invention. With
reference to FIG. 15, the gate driver includes an RS flipflop
FF1 for outputting the opposite logic signals to two output
terminals Q and QB according to a set signal and a reset
signal; an OR gate OR1 for ORing, a signal outputted from
the inversion output terminal QB of the RS flipflop FF1 and a
gate signal G[N+1] of a next stage; a charging transistor T,
for outputting a gate signal G[N] to a corresponding gate line
ofthe liquid crystal panel according to a signal outputted from
the output terminal (Q) of the RS flipflop FF1 and a clock
signal at a charge interval and discharging the gate signal
G[N] by maintaining a turned-on state at a discharge interval;
and a discharging transistor T, turned on by an output signal
of the OR gate OR1 to discharge the gate signal G[N] at the
discharge interval.

[0088] Thedriving ofthe driving circuit of the LCD accord-
ing to the second embodiment of the present invention will
now be described in detail with reference to FIGS. 16 to 20.

[0089] With reference to FIG. 14, the gate drivers
GD21~GD2r that output the gate signals VGOUT[1]
~VGOUTIN] to the respective gate lines of the liquid crystal
panel while being driven with a shift register in synchroniza-
tion with the clock signals CLK1~CLK4, are implemented
such that gate signals are discharged through all the charging
transistors and the discharging transistors of the gate drivers
GD21~GD2nr at the discharge interval, to thus perform dis-
charging quickly.

[0090] FIG. 15 illustrates only one of the gate drivers
GD21~GD2n for the sake of brevity, and its operation will
now be described with reference to FIG. 18.

[0091] First, at the interval t1, a gate signal G[N-1] of a
previous stage is inputted with a high level to the set terminal
(S) of the RS flipflop FF21, so a voltage VM of an interme-
diate level is outputted to the output terminal (Q), and accord-
ingly, the charging transistor T, of the large size is turned on.
However, because the clock signal (CLK=CLK[1]) is still
inputted with the low level, the gate signal G[N] is outputted
as the voltage VGL of the low level. The voltage VM of
intermediate level is obtained by subtracting a threshold volt-
age of the input terminal transistor from a supplied voltage
(VDD-VTH)'

[0092] At this time, the reset signal RESET is inputted with
alow level to the reset terminal (R) ofthe RS flipflop FF21, so
the low-level signal is outputted to the inversion output ter-
minal QB and the gate signal G[N+1] of the next stage is
outputted with a low level, and accordingly, the low level
signal is outputted to the output terminal Gd of the OR gate
OR1, and thus, the charging transistor T ,,,, of the small size is
turned off.

[0093] Thereafter, at the interval t2, the clock signal (CLK)
is inputted with a high level. Accordingly, because of a cou-
pling phenomenon of a parasitic capacitance C, ; between the
gate electrode and the drain electrode of the charging transis-
tor TPU, the voltage of the output terminal (Q) is boot-
strapped to a voltage VH with a higher level as the voltage VM
of the intermediate level and the voltage V 5 of the clock
signal CLK are added thereto. Accordingly, the gate signal
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G[N] is outputted with the voltage level V5 of the clock
signal CLK from a corresponding gate driver at the interval
2.

[0094] Thereafter, at the interval t3, the clock signal CLK is
dropped to a voltage VGL of low level, and due to the cou-
pling phenomenon of the parasitic capacitance C,,, the volt-
age supplied to the gate electrode of the charging transistor
T, 1s dropped to the voltage VM of the intermediate level,
which is then, maintained.

[0095] Accordingly, the charging transistor Tp;, is main-
tained in the turned-on state, and accordingly, the gate signal
G[N] is discharged as a low level voltage VGL via the charg-
ing transistor T,

[0096] Simultaneously, the gate signal G[N+1] is outputted
with a high level from the gate driver of the next stage to
which the clock signal CLK][2] is supplied, and accordingly,
the high level signal is outputted to the output terminal Gd of
the OR gate OR1. Accordingly, the discharging transistor T,
is turned on, through which the discharging operation of the
gate signal G[N] is performed.

[0097] Because the discharging operation of the gate signal
G[N] is performed simultaneously through the charging tran-
sistor T 5, and the discharging transistor T, at the discharge
interval t3, the discharging operation can be quickly per-
formed compared with the general case where the discharg-
ing operation is performed through only one discharging
transistor Ty, so a falling time of the gate signal G[N] can be
shortened.

[0098] Thereafter, at the interval t4, the gate signal G[N+2]
is inputted with a high level from the gate driver of the second
stage to the reset terminal (R) of the RS flipflop FF1. Accord-
ingly, a low level signal is outputted to the output terminal (Q)
of'the RS flipflop FF1 to turn off the charging transistor TPU.
In this case, however, because the high level signal is con-
tinuously outputted to the inversion output terminal QB, the
high level signal is also continuously outputted from the OR
gate OR1. Accordingly, the discharging transistor Tpp is
maintained in the turned-on state to continuously perform
discharging operation of the gate signal G[N].

[0099] FIG. 17 is a detailed circuit diagram showing an
example of implementation of the gate driver in FIG. 15. As
shown in FIG. 17, the gate driver includes an RS flipflop FF1
including first to seventh transistors T1~T7; an OR gate OR1
including eighth to 157 transistors T8~T15; and a gate signal
output unit 71 including the charging transistor T ., and the
discharging transistor T,p,.

[0100] In the RS flipflop FF1, in FIG. 15, when the start
signal VST corresponding to the gate signal G[N-1] of the
previous stage is inputted with a high level, the first transistor
T1 is turned on to output a high level signal to the output
terminal (Q). Thereafter, when the reset signal RESET is
inputted with a high level, the third transistor T3 is turned on
to make a signal of the output terminal (Q) is muted to the
ground terminal via the third transistor T3, so the output
terminal (Q) has a low level signal. At this time, the fifth
transistor T5 is turned off by the low level signal outputted
from the output terminal (Q), a high level signal is supplied to
a gate electrode of the sixth transistor T6 via the diode con-
nection type fourth transistor T4 to turn on the sixth transistor
T6. At this time, the start signal VST is inputted with a low
level to turn off the seventh transistor T7. Accordingly, a high
level signal is outputted to the inversion output terminal QB
via the sixth transistor T6.
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[0101] In the OR gage ORI, when the output signal of the
inversion output terminal QB of the RS flipflop FF1 to turn on
the ninth transistor T9 or when the gate signal G[N+1] of the
next stage is inputted with a high level to turn on the tenth
transistor T10, the 127 transistor T12 and the 15 transistor
T15 are turned off. At this time, a high level signal is supplied
to a gate electrode of the 13” transistor T13 via the diode
connection type 117 transistor to turn on the 13? transistor.
Accordingly, the high level signal is inputted to the output
terminal Gd via the 13" transistor T13.

[0102] The gate signal output unit 71 is operated as
described above with reference to FIG. 15. Namely, in the
charge mode, the charging transistor T, is turned on by the
signal of the output terminal QB of the RS flipflop FF1 to
output the gate signal G[N] to the corresponding gate line of
the liquid crystal panel. In the discharge mode, the discharg-
ing transistor T, is turned on by the output signal of the OR
gate OR1 to discharge the gate signal G[N] via the discharg-
ing transistor T »p,. At this time, the charging transistor T, is
also maintained in the turned-on state, through which dis-
charging is also performed.

[0103] FIG. 18 is a detailed circuit diagram showing
another example of implementation of the gate driver in FIG.
15. As shown in FIG. 18, the gate driver includes an RS
flipflop FF1 including first to fifth transistors T6~T10; an OR
gate OR1 including sixth to 10” transistors T6~T10; and a
gate signal output unit 71 including the charging transistor
T, and the discharging transistor T,,,.

[0104] Compared with the gate driver as shown in FIG. 17,
the gate driver as shown in FIG. 18 is different in that the RS
flipflop FF1 and the OR gate OR1 have a simple structure and
thus power consumption can be reduced.

[0105] Inthe RS flipflop, in FIG. 15, when the start signal
VST corresponding to the gate signal GIN-1] is inputted with
a high level, the first transistor T1 is turned on to output the
high level signal to the output terminal (Q). Thereafter, when
the reset signal RESET is inputted with a high level, the third
transistor T3 is turned on to make the signal of the output
terminal (Q) muted to the ground terminal via the third tran-
sistor T3, so the output terminal (Q) has a low level. At this
time, the fifth transistor T5 is turned off by the low level signal
outputted from the output terminal (Q), a high level signal is
outputted to the inversion output terminal QB via the diode
connection type fourth transistor T4.

[0106] Inthe OR gate OR1, when the output signal of the
inversion output terminal QB of the RS flipflop FF1 is input-
ted with a high level to turn on the seventh transistor T7 or
when the gate signal G[N+1] of the next stage is inputted with
a high level to turn on the eighth transistor T8, the 10”
transistor T10 is turned off. At this time, the high level signal
is outputted to the output terminal Gd via the diode connec-
tion type ninth transistor T9.

[0107] The gate signal output unit 71 operates in this man-
ner as described above with reference to FIGS. 15 to 17.
[0108] FIG. 19 shows waveforms of simulation results with
respect to the gate driving circuit according to the second
embodiment of the present invention. It is noted that the
voltages of the respective output terminals Q node, QB node,
and Gd node appear as shown in FIG. 16, and accordingly, the
gate signal VGOUT[N] is quickly discharged at the discharge
interval.

[0109] FIG. 20 shows the simulation results with respect to
the output characteristics of the gate drivers GD21~GD2#n. As
shown, when the gate signal G1 outputted from the gate driver
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in the related art and the gate signal G2 outputted from the
gate driver according to the present invention, it can be noted
that a falling time is considerably shortened.

[0110] As described above, in the driving circuit of the
LCD according to the second embodiment of the present
invention, when the gate signal is discharged via the discharg-
ing transistor after outputting the gate signal to the gate line,
discharging is also performed through the charging transistor,
so the gate line can be quickly discharged, to thus improve the
reliability.

[0111] As thepresent invention may be embodied in several
forms without departing from the characteristics thereof, it
should also be understood that the above-described embodi-
ments are not limited by any of the details of the foregoing
description, unless otherwise specified, but rather should be
construed broadly within its scope as defined in the appended
claims, and therefore all changes and modifications that fall
within the metes and bounds of the claims, or equivalents of
such metes and bounds are therefore intended to be embraced
by the appended claims.

1-8. (canceled)

9. A driving circuit of a liquid crystal display comprising:

gate drivers sequentially driven in synchronization with an
input clock signal to output gate signals to gate lines of
a liquid crystal panel, and discharging the gate signals
through both a charging transistor and a discharging
transistor, when the gate signals are to be discharged.

10. The driving circuit of claim 9, wherein the gate drivers
comprise:

an RS flipflop that output an output signal and an inversion
output signal according to a set signal and a reset signal;

an OR gate that Ors the inversion output signal of the RS
flipflop and a gate signal of a next stage;

a charging transistor that outputs a gate signal to a corre-
sponding gate line of the liquid crystal panel according
to an output signal of the RS flipflop and a clock signal
at a charge interval, and discharging the gate signal by
maintaining a turned-on state at a discharge interval; and

a discharging terminal turned on by the output signal of the
OR gate at the discharge interval to discharge the gate
signal.

11. The driving circuit of claim 9, wherein the charging
transistor is turned on by the voltage of an intermediate level
outputted from the RS flipflop at the discharge interval to
perform a discharge function.

12. The driving circuit of claim 11, wherein the voltage of
the intermediate level is a voltage obtained by subtracting a
threshold voltage of an input terminal transistor from a supply
voltage.

13. The driving circuit of claim 10, wherein the RS flipflop
is configured such that a power terminal is connected to an
output terminal via a first transistor and the connection point
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is connected to a ground terminal via second and third tran-
sistors which are connected in parallel, the power terminal is
connected to a gate electrode of a sixth transistor via a diode
connection type fourth transistor and the connection point is
connected to a ground terminal via a fifth transistor connected
to the output terminal, the power terminal is connected with
an inversion output terminal and a gate electrode of the sec-
ond transistor via the sixth transistor and the connection point
is connected with a ground terminal via a seventh transistor, a
start signal terminal is connected with gate electrodes of the
first and seventh transistors, and a reset terminal is connected
with a gate electrode of the third transistor.

14. The driving circuit of claim 10, wherein the RS flipflop
is configured such that a power terminal is commonly con-
nected with an output terminal and a gate electrode of the fifth
transistor via the first transistor and the connection point is
connected with a ground terminal via the second and third
transistors which are connected in parallel, the power termi-
nal is connected with the inversion output terminal and the
gate electrode of the second transistor via the diode connec-
tion type fourth transistor and the connection point is con-
nected with a ground terminal via the fifth transistor, the start
signal terminal is connected with the gate electrode of the first
transistor, and the reset terminal is connected with the gate
electrode of the third transistor.

15. The driving circuit of claim 10, wherein the OR gate is
configured such that a power terminal is commonly con-
nected with gate electrodes of 127 and 157 transistors via the
eighth transistor having the gate electrode connected with the
output terminal and the connection point is connected with a
ground terminal via the ninth and tenth transistors having gate
electrodes connected with the inversion output terminal and a
gate terminal of the next stage, respectively, the power termi-
nal (VGH) is connected with a gate electrode of a 13” tran-
sistor via a diode connection type 117 transistor and the
connection point is connected with a ground terminal via the
12 transistor, and the power terminal (VGH) is connected
with an output terminal (Gd) via the 13” transistor and the
connection point is connected with a ground terminal via the
157 transistor.

16. The driving circuit of claim 9, wherein the OR gate is
configured such thata power terminal is connected with a gate
electrode of the tenth transistor via the sixth transistor having
a gate electrode connected with an output terminal and the
connection point is connected with a ground terminal via the
seventh and eighth transistors having gate electrodes con-
nected with the inversion output terminal and a gate terminal
of the next stage, respectively, and the power terminal is
connected with an output terminal (Gd) via the diode connec-
tion type ninth transistor and the connection point is con-
nected with a ground terminal via the tenth transistor.
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