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(54) Gate-on voltage generation circuit, gate-off voltage generation circuit, and liquid crystal 
display device having the same

(57) A gate-on voltage generation circuit, a gate-off
voltage generation circuit, and a liquid crystal display
(LCD) using the same are provided. The gate-on voltage
generation circuit includes a first capacitor charged with
a first control signal and a first reference voltage to output
a first charging voltage through a first output node ac-
cording to the first control signal. A second capacitor is
charged with a second control signal and the first refer-
ence voltage to output a second charging voltage accord-
ing to the second control signal. A first switching device
is connected between the first capacitor and the first out-
put node to selectively output the first charging voltage
to the first output node. A second switching device is
turned on by the second charging voltage to supply the
first reference voltage to the first capacitor, the first and
second switching devices being exclusively turned on
and off. A third switching device is turned on by the first
charging voltage to supply the first reference voltage to
the second capacitor. The third switching device turns
on the first switching device and at the same time turns
off the second switching device by supplying the first ref-
erence voltage to the first and second switching devices.
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Description

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to Korean Patent
Application No. 10-2006-72611 filed on August 1, 2006
and all the benefits accruing therefrom under 35 U.S.C.
§119, and the contents of which in its entirety are herein
incorporated by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to a gate-on volt-
age generation circuit, a gate-off voltage generation cir-
cuit, and a liquid crystal display (LCD) device having the
same. More particularly, the present invention relates to
a gate-on voltage generation circuit, a gate-off voltage
generation circuit, and an LCD device having the same
which are capable of stabilizing a gate-on voltage and a
gate-off voltage and improving manufacturing yield by
integrating the gate-on and gate-off voltage generation
circuits onto an LCD panel.

Description of the Related Art

[0003] Typically, an LCD device includes an LCD panel
for displaying images through a matrix of liquid crystal
cells, a backlight assembly for illuminating the LCD panel,
and a panel driving circuit for driving the LCD panel. The
LCD panel displays an image on a screen by varying light
transmittance of a liquid crystal according to voltages
charging the respective liquid crystal cells. The LCD de-
vice is widely applied to many fields ranging from small-
sized devices to large-sized devices, such as mobile
communication terminals, notebook computers, and
LCD televisions.
[0004] The panel driving circuit includes a gate driver
for supplying scanning signals to a plurality of gate lines
of the LCD panel, a data driver for supplying data signals
corresponding to a brightness value of video data syn-
chronized with the scanning signals to a plurality of data
lines of the LCD panel, a timing controller for providing
control signals to the gate driver and the data driver and
providing video signals to the data driver, and a power
source for supplying a voltage to the gate and data drivers
and the timing controller.
[0005] The gate driver sequentially supplies a gate-on
voltage and a gate-off voltage to the gate lines. The data
driver sequentially supplies the video signals provided
from the timing controller to sub-pixels of the liquid crystal
cells when the gate-on voltage is supplied from the gate
driver such that an image is presented on the LCD panel.
[0006] The power source supplies the gate-on voltage
and the gate-off voltage to the gate driver and supplies
an analog voltage to the data driver. Typically, the power
source is separately built on a printed circuit board.

[0007] However, the conventional LCD requires a
power source implemented with a very complicated cir-
cuit for generating a high voltage, resulting in increase
of whole manufacturing cost.

SUMMARY OF THE INVENTION

[0008] The present invention is directed to providing
an LCD device with a stabilized gate-on voltage and gate-
off voltage, and improving manufacturing yield by inte-
grating a gate-on voltage generation circuit and a gate-
off voltage generation circuit on an LCD panel.
[0009] In an exemplary embodiment of the present in-
vention, a gate-on voltage generation circuit of a liquid
crystal display is provided including a first capacitor
charged with a first control signal and a first reference
voltage to output a first charging voltage through a first
output node according to the first control signal, a second
capacitor charged with a second control signal and the
first reference voltage to output a second charging volt-
age according to the second control signal, a first switch-
ing device interconnected between the first capacitor and
the first output node to selectively output the first charging
voltage to the first output node, a second switching device
which is turned on by the second charging voltage to
supply the first reference voltage to the first capacitor,
the first and second switching devices being exclusively
turned on and off, and a third switching device which is
turned on by the first charging voltage to supply the first
reference voltage to the second capacitor and turns on
the first switching device and at the same time turns off
the second switching device by supplying the first refer-
ence voltage to the first and second switching devices.
[0010] In some embodiments, the first switching de-
vice is a P-type transistor.
[0011] In some embodiments, the second and third
switching devices are N-type transistors.
[0012] In some embodiments, the second switching
device is turned off by the first reference voltage applied
to a gate electrode while the first charging voltage is out-
put.
[0013] In some embodiments, the first charging volt-
age is output by stepping up above the first reference
voltage.
[0014] In another exemplary embodiment of the
present invention, a gate-off voltage generation circuit is
provided including a third capacitor charged with a first
control signal and a second reference voltage to output
a third charging voltage through a second output node
according to the first control signal, a fourth capacitor
which is charged with a second control signal and the
second reference voltage to output a fourth charging volt-
age according to the second control signal, a fourth
switching device connected between the third capacitor
and the second output node to selectively output the third
charging voltage to the second output node, a fifth switch-
ing device which is turned on by the fourth charging volt-
age to supply the second reference voltage to the third
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capacitor, the fourth and fifth switching devices being ex-
clusively turned on and off, and a sixth switching device
which is turned on by the third charging voltage to supply
the second reference voltage to the fourth capacitor and
turns on the fourth switching device and at the same time
turns off the fifth switching device by supplying the sec-
ond reference voltage to the fourth and fifth switching
devices.
[0015] In some embodiments, the fourth switching de-
vice is an N-type transistor.
[0016] In some embodiments, the fifth and sixth switch-
ing devices are P-type transistors.
[0017] In some embodiments, the fifth switching de-
vice is turned off by the second reference voltage applied
to a gate electrode while the third charging voltage’ is
output.
[0018] In some embodiments, the third charging volt-
age is output by stepping down below the second refer-
ence voltage.
[0019] In yet another exemplary embodiment of the
present invention, a liquid crystal display device is pro-
vided which includes a liquid crystal display panel for
displaying an image, a gate driver circuit formed on the
liquid crystal display panel, for driving gate lines of the
liquid crystal display panel, a data driver formed on the
liquid crystal display panel, for driving data lines of the
liquid crystal display panel, a timing controller for provid-
ing control signals to the gate driver and the data driver
and providing video signals to the data driver, the above-
descried gate-on voltage generation circuit formed inte-
grally on the liquid display panel, and a power source for
providing the first reference voltage to the gate-on volt-
age generation circuit.
[0020] In an exemplary embodiment of the present in-
vention, the above and other objects can be accom-
plished by a liquid crystal display device including a liquid
crystal display panel for displaying an image, a gate driver
circuit formed on the liquid crystal display panel, for driv-
ing gate lines of the liquid crystal display panel, a data
driver formed on the liquid crystal display panel, for driv-
ing data lines of the liquid crystal display panel, a timing
controller for providing control signals to the gate driver
and the data driver and providing video signals to the
data driver, the above-described gate-off voltage gener-
ation circuit formed integrally on the liquid crystal display
panel, and a power source for providing the second ref-
erence voltage to the gate-off voltage generation circuit.
[0021] In an exemplary embodiment of the present in-
vention, the above and other objects can be accom-
plished by a liquid crystal display device including a liquid
crystal display panel for displaying an image, a gate driver
circuit formed on the liquid crystal display panel, for driv-
ing gate lines of the liquid crystal display panel, a data
driver formed on the liquid crystal display panel, for driv-
ing data lines of the liquid crystal display panel, a timing
controller for providing control signals to the gate driver
and the data driver and providing video signals to the
data driver, the above-described gate-on voltage gener-

ation circuit formed integrally on the liquid crystal display
panel, the above-described gate-off voltage generation
circuit formed integrally on the liquid crystal display panel,
a power source for providing the first reference voltage
and the second reference voltage to the gate-on voltage
generation circuit and the gate-off voltage generation cir-
cuit, respectively.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The above and other features and advantages
of the present invention will become readily apparent by
reference to the following detailed description when con-
sidered in conjunction with the accompanying drawings,
in which:

FIG. 1 is a schematic block diagram illustrating an
LCD device according to an exemplary embodiment
of the present invention;
FIG. 2 is a circuit diagram illustrating a gate-on volt-
age generation circuit of a gate voltage generator of
FIG. 1;
FIG. 3 illustrates the voltage waveforms of CKB and
CK as well as the voltages at nodes A and B of the
gate-on voltage generation circuit of FIG. 2;
FIG. 4 is a graph organizing output voltage levels in
accordance with turn-on currents of the TFT transis-
tors of the gate-on voltage generation circuit of FIG.
2;
FIG. 5 is a graph illustrating variations of output volt-
ages versus output currents of the TFT transistors
of the gate-on voltage generation circuit of FIG. 2;
FIG. 6 is a circuit diagram illustrating a gate-off volt-
age generation circuit of the gate voltage generator
of FIG. 1; and
FIG. 7 is a graph illustrating voltage waveforms of
CKB and CK as well as waveforms at nodes C and
D of the gate-off voltage generation circuit of FIG. 6.

DETAILED DESCRIPTION OF EXEMPLARY EMBOD-
IMENTS

[0023] Exemplary embodiments of the present inven-
tion are described with reference to the accompanying
drawings in detail. The same reference numbers will be
used throughout the drawings to refer to the same or like
parts. Detailed descriptions of well-known functions and
structures incorporated herein may be omitted to avoid
obscuring the subject matter of the present invention.
[0024] While the present invention is susceptible of
embodiment in many different forms, there are shown in
drawings and will be described herein in detail specific
embodiments thereof, with the understanding that the
present disclosure is to be considered as an exemplifi-
cation of the principles of the invention and is not intended
to limit the invention to the specific embodiments illus-
trated.
[0025] FIG. 1 is a schematic block diagram illustrating
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an LCD device according to an exemplary embodiment
of the present invention.
[0026] Referring to FIG. 1, the LCD device according
to an exemplary embodiment of the present invention
includes an LCD panel having a plurality of gate lines GL
and a plurality of data lines DL crossing the gate lines
GL, a gate driver 50 for supplying scanning signals to the
gate lines GL, a data driver 60 for supplying data signals
to data lines DL, a gate voltage generator 30 which is
integrated on the LCD panel and supplies a gate-on volt-
age VON and a gate-off voltage VOFF to the gate driver
50, a timing controller 40 for supplying gate control sig-
nals to the gate driver 50 and supplying pixel control sig-
nals and data control signals to the data driver 60, and
a power source 70 for supplying voltages to the data driv-
er 60, the timing controller 40, and the gate voltage gen-
erator 30.
[0027] The LCD panel includes a thin film transistor
(TFT) substrate (not shown) having a TFT array, a color
filter substrate (not shown) opposing to the TFT sub-
strate, and a liquid crystal layer (not shown) sandwiched
and held between the TFT substrate and the color filter
substrate.
[0028] The color filter substrate includes a black matrix
for protecting light leakage, a color filter array for express-
ing colors, and a common electrode for applying a com-
mon voltage to the liquid crystal layer. The liquid crystal
layer is driven by a voltage difference between a pixel
electrode to which a data signal is supplied and the com-
mon electrode to which a common voltage serving as a
reference voltage is supplied. Liquid crystal molecules
rotate according to the voltage difference so as to alter
the transmittance of an incident light.
[0029] The TFT substrate includes a plurality of gate
lines GL and a plurality of data lines DL crossing the gate
lines GL, a plurality of pixel regions defined by the gate
lines GL and the data lines DL, a plurality of TFTs each
connected to a gate line GL and a data line DL, and a
plurality pixel electrodes each connected to the TFT.
[0030] The gate driver 50 sequentially supplies the
gate-on voltage VON and the gate-off voltage VOFF to
the gate line GL. The gate driver 50 is integrally formed
on the TFT substrate. That is, the gate driver 50 is formed
as such a shift register of a plurality of TFTs connected
in series and parallel by using polysilicon TFTs while
TFTs are formed in a display region of the TFT substrate.
The gate driver 50 sequentially supplies the gate-on volt-
age VON and the gate-off voltage VOFF supplied from
the gate voltage generator 30 to the gate lines GL in
response to the gate control signal GCS supplied from
the timing controller 40.
[0031] The data driver 60 converts digital data into an-
alog data signals and provides the data signals to the
data lines DL whenever the gate-on voltage VON is sup-
plied to the gate line GL, in response to the control signals
from the timing controller 40. The data driver 60 includes
a shift register, a latch, a digital-to-analog converter, and
an output buffer. The shift register sequentially shifts a

data start pulse D_STV from the timing controller 40 ac-
cording to a data shift clock D_CPV so as to generate a
sampling control signal. The latch sequentially latches
the data input from the timing controller 40 and outputs,
when a horizontal line of data is latched, the latched data
to the digital-to-analog converter at the same time, in
response to the sampling control signal. The digital-to-
analog converter selects one of a plurality of gamma volt-
ages corresponding to the data from the latch and outputs
the selected gamma voltage as the analog data signal
to the output buffer. The output buffer supplies the data
signal from the digital-to-analog converter to the data line
DL. The data driver 60 may be connected to the TFT as
a separate chip or may be directly mounted on the TFT
substrate.
[0032] The timing controller 40 arranges red (R), green
(G), and blue (B) pixel data signals input from outside
and supplies the arranged pixel data signals to the data
driver 60. The timing controller 40 generates the control
signals for controlling the driving timings of the gate driver
50 and the data driver 60 on the basis of a plurality of
synchronization signals such as a dot clock (DCLK), a
data enable signal (DE), a vertical synchronization signal
(VSYC), and a horizontal synchronization signal (HSYC).
The synchronization signals are input from outside to-
gether with the pixel data signals. For example, the timing
controller 40 generates control signals including a gate
start pulse (STV), a gate shift clock (CPV), and an output
control signal (OE), and outputs the control signals to the
gate driver 50. The timing controller 40 supplies the data
control signals including a data start pulse (D_STV), a
data shift clock (D_CPV), and a polarity control signal
(POL), and supplies the control signals to the data driver
60. The timing controller 40 supplies a clock signal CK
and an inverted clock signal CKB to the gate voltage gen-
erator 30 which generates the gate-on voltage VON and
the gate-off voltage VOFF. The clock signal CK and in-
verted clock signal CKB are alternately output according
to a first reference voltage VDD and a second reference
voltage VSS supplied by the power source 70.
[0033] The power source 70 supplies the first and sec-
ond reference voltages VDD and VSS, respectively, to
the gate voltage generator 30 and supplies an analog
voltage AVDD to the data driver 60. The power source
70 generates reference voltages for driving the timing
controller 40. The power source 70 generates 5V and 0V
DC voltages as the first and second reference voltages.
VDD and VSS for the gate voltage generator 30. For ex-
ample, the first reference voltage VDD of 5V and the sec-
ond reference voltage VSS of 0V are supplied to the tim-
ing controller 40 and the gate voltage generator 30.
[0034] The gate voltage generator 30 includes a gate-
on voltage generation circuit 10 for generating the gate-
on voltage VON on the basis of the first reference voltage
VDD as shown in FIG. 2; and a gate-off voltage genera-
tion circuit 20 for generating the gate-off voltage VOFF
on the basis of the second reference voltage VSS as
shown in FIG. 6. The gate voltage generator 30 is inte-
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grally formed on a non-display region of the TFT sub-
strate together with the gate driver 50.
[0035] FIG. 2 is a circuit diagram illustrating the gate-
on voltage generation circuit 10 of the gate voltage gen-
erator 30 of FIG. 1, and FIG. 3 illustrates the voltage
waveforms of CKB and CK as well as the voltages at
nodes A and B of the gate-on voltage generation circuit
10 of FIG. 2.
[0036] Referring to FIGS. 2 and 3, a first capacitor C1
is charged with a first control signal CKB and the first
reference voltage VDD via transistor TR2 and outputs a
first charging voltage to a first output node VOUT1. A
second capacitor C2 is charged with a second control
signal CK and the first reference voltage VDD via tran-
sistor TR3, and outputs a second charging voltage. A
first switching device TR1 arranged between the first ca-
pacitor C1 and the first output node VOUT1 selectively
outputs the first charging voltage to the first output node
VOUT1 according to the first reference voltage VDD and
the second charging voltage. A second switching device
TR2 is turned on by the second charging voltage and
provides the first reference voltage VDD to the first ca-
pacitor C1. The first and second switching devices TR1
and TR2 are exclusively turned on and off. A third switch-
ing device TR3 has its gate connected to NODE-A and
is turned on when CKB is high, as shown in time period
T1 in FIG. 3 and provides the first reference voltage VDD
to the second capacitor C2. When voltage CK is at the
level VSS during time period T1, switching device TR1
is turned on and second switching device TR2 is turned
off. The first to third switching devices TR1, TR2, and
TR3 may be implemented as polysilicon TFTs integrally
formed on the TFT substrate of the LCD panel.
[0037] In more detail, the first capacitor C1 is charged
with the first control signal CKB, i.e. the inverted clock
signal CKB supplied from the timing controller 40, and
the first reference voltage VDD supplied from the power
source 70, and discharges a voltage, i.e. the first charging
voltage, obtained by summing a high level voltage VDD
of the charged inverted clock signal and the first reference
voltage VDD and supplies the first charging voltage to a
source electrode of the first transistor TR1. The first
charging voltage which is applied to the source.of first
switching device TR1 is obtained by adding the first ref-
erence voltage VDD which is provided C1 via second
switching device TR2 to the inverted clock signal CKB.
One node (NODE-A) of the first capacitor C1 is connected
to one node of the timing controller 40 and the other node
of the first capacitor C1 is commonly connected to the
source electrode of the first transistor TR1, a gate elec-
trode of the third transistor TR3, and a source electrode
of the second transistor TR2.
[0038] The second capacitor C2 is charged with the
clock signal CK supplied from the timing controller 40
and the first reference voltage VDD supplied from the
power source 70 via third transistor TR3 during time pe-
riod T1 so as to supply the second charging voltage ob-
tained by summing the high level voltage VDD of the

clock signal CK and the first reference voltage VDD, re-
sulting in a voltage stepped 2VDD. The second charging
voltage is twice the first reference voltage VDD and is
identical to the first charging voltage. One node of the
second capacitor C2 is connected to one node of the
timing controller 40 and the other node (NODE-B) is com-
monly connected to a gate electrode of the first transistor
TR1, the gate electrode of the second transistor TR2,
and the drain electrode of the third transistor TR3.
[0039] The first transistor TR1 controls an output timing
of the first charging voltage output from the first capacitor
C1, i.e. the gate-on voltage VON. The gate electrode of
the first transistor TR1 and the gate electrode of the sec-
ond transistor TR2 are commonly connected to the node
B. The source electrode of the first transistor TR1 is con-
nected to the first capacitor C1. A drain electrode of the
first transistor TR1 is connected to the first output node
VOUT1. The first transistor TR1 is formed as a P-type
TFT doped with a P-type impurity.
[0040] The second transistor TR2 is turned on accord-
ing to the second charging voltage supplied from the sec-
ond capacitor C2 and provides the first reference voltage
VDD to the first capacitor C1. The second transistor TR2
is turned off according to the first reference voltage VDD
supplied when the third transistor TR3 is turned on such
that it is possible to prevent the first charging voltage from
flowing back to the power source 70 when the first tran-
sistor TR1 supplies the first charging voltage to the first
output node VOUT1. For this purpose, the gate electrode
of the second transistor TR2 is connected to one end of
the second capacitor C2 and the drain electrode of the
third transistor TR3. A source electrode of the second
transistor TR2 is connected to the power source 70 sup-
plying the first reference voltage VDD, and a drain elec-
trode of the second transistor TR2 is connected to one
end of the first capacitor C1. The second transistor TR2
is formed as an N-type TFT doped with an N-type impu-
rity.
[0041] The third transistor TR3 is turned on in response
to the first charging voltage and supplies the first refer-
ence voltage VDD to the first and second transistors TR1
and TR2 at the same time. Accordingly, the first transistor
TR1 is turned on so as to supply the first charging voltage
to the first output node VOUT1, and turns off the second
transistor TR2. A gate electrode of the third transistor
TR3 is connected to one node of the first capacitor C1.
A source electrode of the third transistor TR3 is connect-
ed to the power source 70 supplying the first reference
voltage VDD, and the drain electrode of the third transis-
tor TR3 is commonly connected to the gate electrodes
of the first and second transistors TR1 and TR2.
[0042] In order for the third transistor TR3 to be turned
on using the first charging voltage, the third transistor
TR3 is implemented as an N-type TFT identical to the
second transistor TR2. The turn-on voltage of the second
transistor TR2, i.e. the offset value of the second tran-
sistor TR2 can be uniformly maintained using the first
reference voltage VDD supplied by the third transistor
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TR3. Since the offset of the second transistor TR2 is reg-
ularly maintained by the first reference voltage VDD sup-
plied from the third transistor TR3, it is possible to prevent
the second transistor TR2 from being abnormally turned
on when the first charging voltage is supplied to the first
output node VOUT1. Accordingly, it is possible to prevent
the first charging voltage from being supplied to the sec-
ond transistor TR2.
[0043] Referring to FIG. 3, when the first charging volt-
age charged at the first capacitor C1 is supplied to the
node A during T1, the third transistor TR3 connected to
the node A is turned on. When the third transistor TR3
is turned on, the first reference voltage VDD connected
to the source electrode of the third transistor TR3 is sup-
plied to the gate electrodes of the first and second tran-
sistors TR1 and TR2. The first transistor TR1 is turned
on by the first reference voltage VDD and the second
transistor TR2 is turned off at the same time. Accordingly,
the first charging voltage is output to the first output node
VOUT1 through the first transistor TR1. At this time, the
second capacitor C2 is charged with the first reference
voltage VDD via transistor TR3.
[0044] In the mean time, when the second charging
voltage is supplied through the node B during T2, the
second transistor TR2 is turned on the first transistor TR1
is turned off and third transistor TR3 is also turned off.
Accordingly, the first reference voltage VDD is supplied
and charged to the first capacitor C1 through the second
transistor TR2.
[0045] FIG. 5 is a graph illustrating variations of output
voltages versus output currents of the TFTs of the gate-
on voltage generation circuit according to an exemplary
embodiment of the present invention.
[0046] Since the first to third transistors TR1, TR2, and
TR3 are integrally fabricated simultaneously, it is re-
quired to measure switching times and output voltages
of the N-type and P-type TFTs. The output characteristics
of the respective transistors are tested by measuring the
output voltages according to turn-on and turn-off times
of the N-type and P-type TFTs.
[0047] FIG. 4 is a graph organizing output voltage lev-
els in accordance with turn-on currents of the TFTs of
the gate-on voltage generation circuit according an ex-
emplary embodiment.
[0048] In the gate-on voltage generation circuit accord-
ing to an exemplary embodiment of the present invention,
the output voltages at the output node are measured ac-
cording to the operation speed of the N-type and P-type
transistors. In FIG. 4, FF refers to the output voltage when
both the N-type transistor turn-on current lon(N) and the
P-type transistor turn-on current lon(P) are high, FS re-
fers to the output voltage when the N-type transistor turn-
on current lon(N) is high and the P-type transistor turn-
on current lon(P) is low, SF refers to the output voltage
when N-type transistor turn-on current lon(N) is low and
the P-type transistor turn-on current lon(P) is high, TT
refers to the output voltage when both the N-type tran-
sistor turn-on current lon(N) and the P-type transistor

turn-on current lon(P) are intermediate, and SS refers to
the output voltage when both the N-type transistor turn-
on current lon(N) and the P-type transistor turn-on current
lon(P) are low. The output voltages for the respective
cases are illustrated in FIG. 5.
[0049] For example, when the first reference voltage
VDD of 5.3V with a frequency of 12 KHz is supplied, the
output voltage is 9.43V (lowest level) in the case of FS
and 9.51V (highest level) in the case of SF, according to
a corner test. A deviation of the voltage levels is about
0.08V as shown in FIG. 5. Accordingly, the output voltage
of the gate-on voltage generation circuit is stable.
[0050] FIG. 6 is a circuit diagram illustrating the gate-
off voltage generation circuit 20 of the gate voltage gen-
erator 30 of FIG. 1, and FIG. 7 illustrates voltage wave-
forms of CKB and CK as well as the voltages at nodes
C and D of the gate-off voltage generation circuit 30 of
FIG. 6.
[0051] Referring to FIGS. 6 and 7, a third capacitor C3
is charged with the first control signal CKB and the sec-
ond reference voltage VSS via transistor TR5 and out-
puts a third charging voltage to a second output node
VOUT2. A fourth capacitor C4 is charged with the second
control signal CK and the second reference voltage VSS
via transistor TR6 and outputs a fourth charging voltage.
A fourth switching device TR4 interposed between the
third capacitor C3 and the second output node VOUT2
selectively outputs the third charging voltage to the sec-
ond output node VOUT2. A fifth switching device TR5 is
turned on by the fourth charging voltage and supplies the
second reference voltage VSS to the third capacitor C3
via transistor TR5. The fourth and fifth switching devices
are exclusively turned on and off. A sixth switching device
TR6 is turned on by the fourth charging voltage and sup-
plies the second reference voltage VSS to the fourth ca-
pacitor C4 via transistor TR6. The sixth switching device
TR6 turns on the fourth switching device TR4 and turns
off the fifth switching device TR5 by supplying the second
reference voltage VSS to the fourth and fifth switching
devices TR4 and TR5. The fourth to sixth switching de-
vices TR4, TR5, and TR6 are integrally formed on the
TFT substrate of the LCD panel as polysilicon TFTs.
[0052] In more detail, the third capacitor C3 is charged
with the first control signal CKB (i.e. the inverted clock
signal) supplied from the timing controller 40 and the sec-
ond reference voltage VSS supplied from the power
source 70, and discharges a voltage, i.e. the third charg-
ing voltage, obtained by inverting a high level voltage
VDD of the charged reverse clock signal CKB to a source
electrode of the fourth transistor TR4. One node of the
third capacitor C3 is connected to one node of the timing
controller 40. The other node of the third capacitor C3 is
commonly connected with the source electrode of the
fourth transistor TR4, a drain electrode of the fifth tran-
sistor TR5, and a gate electrode of the sixth transistor
TR6.
[0053] The fourth capacitor C4 is charged with the sec-
ond control signal CK supplied from the timing controller
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40 and the second reference voltage VSS supplied from
the power source 70 so as to supply the fourth charging
voltage obtained by inverting the high level voltage of the
second control signal CK. One node of the fourth capac-
itor C4 is connected to one node of the timing controller
40. The other node of the fourth capacitor C4 is commonly
connected to gate electrodes of the fourth and fifth tran-
sistors TR4 and TR5 and a drain electrode of the sixth
transistor TR6.
[0054] The fourth transistor TR4 controls output of the
third charging voltage output from the third capacitor C3,
i.e. the gate-off voltage VOFF. The gate electrodes of
the fourth and fifth transistors TR4 and TR5 are common-
ly connected to the node D. The source electrode of the
fourth transistor TR4 is connected to the third capacitor
C3, and a drain electrode of the fourth transistor TR4 is
connected to the second output node VOUT2.
[0055] The fourth transistor TR4 is formed as an N-
type TFT doped with an N-type impurity, and the fifth
transistor TR5 is formed as a P-type TFT doped with a
P-type impurity.
[0056] The fifth transistor TR5 is turned on by the fourth
charging voltage supplied from the fourth capacitor C4
to supply the second reference voltage VSS to the third
capacitor C3. The fifth transistor TR5 is turned off by the
second reference voltage VSS supplied when the sixth
transistor TR6 is turned on such that it is possible to pre-
vent the third charging voltage from flowing back to the
power source 70 when the fourth transistor TR4 supplies
the third charging voltage to the second output node
VOUT2. The gate electrode of the fifth transistor TR5 is
connected to one end of the fourth capacitor C4 and the
drain electrode of the sixth transistor TR6. A source elec-
trode of the fifth transistor TR5 is connected to voltage
VSS from power source 70 and the drain electrode of the
fifth transistor TR5 is connected to one end of the third
capacitor C3.
[0057] The sixth transistor TR6 is turned on in re-
sponse to the third charging voltage and supplies the
second reference voltage VSS to the fourth and fifth tran-
sistors TR4 and TR5. Accordingly, the fourth transistor
TR4 is turned on to output the third charging voltage to
the second output node VOUT2 and the fifth transistor
TR5 is turned off. The gate electrode of the sixth transistor
TR6 is connected to one node of the third capacitor C3.
A source electrode of the sixth transistor TR6 is connect-
ed to the power source 70 supplying the second refer-
ence voltage VSS, and the drain electrode of the sixth
transistor TR6 is commonly connected to the gate elec-
trodes of the fourth and fifth transistors TR4 and TR5.
The sixth transistor TR6 is implemented as a P-type TFT
identical to the fifth transistor TR5 so as to be turned on
by the third charging voltage. The sixth transistor TR6
can maintain the turn-on voltage of the fifth transistor
TR5, i.e. the offset value of the fifth transistor TR5 at the
second reference voltage VSS. Since the offset of the
fifth transistor TR5 is regularly maintained by the second
reference voltage VSS supplied from the sixth transistor

TR6, it is possible to prevent the fifth transistor TR5 from
being abnormally turned on when the third charging volt-
age is supplied to the second output node VOUT2. Ac-
cordingly, it is possible to prevent the third charging volt-
age from flowing to the fifth transistor TR5.
[0058] Referring to FIG. 7, when the second reference
voltage VSS is measured at node C during T3, the sixth
transistor TR6 is turned off. At the same time, the second
reference voltage VSS charged on the basis of the sec-
ond control signal CK is output through the Node D so
as to turn on the fifth transistor TR5. Accordingly, the
fourth transistor TR4 is turned off so that the second ref-
erence voltage VSS is charged to the third capacitor C3.
Next, the third capacitor C3 is charged with the reference
voltage VDD according to the first control signal CKB
during T4 such that the sixth transistor TR6 is turned on
to supply the second reference voltage VSS to the fourth
and fifth transistors TR4 and TR5. Accordingly, the fourth
transistor TR4 is turned on to output a voltage obtained
by inverting the charged voltage, i.e. -VDD to the second
output node VOUT2 and to turn on the fifth transistor TR5
at the same time.
[0059] When the first reference voltage VDD is 5V and
the second reference voltage is 0V, the first charging
voltage supplied to the gate-on voltage generation circuit
10 becomes stepped up to 10V, which is supplied to the
gate driver 50 through the first output node VOUT1. In
this case, the gate-off voltage generation circuit 20 out-
puts the third charging voltage stepped down to -5V to
the second output node VOUT2.
[0060] As describe above, the LCD device of the
present invention is provided with a gate-on voltage gen-
eration circuit and a gate-off voltage generation circuit
implemented with minimal number of TFTs on a TFT sub-
strate, whereby it is possible to reduce a complexity of a
power supply mechanism and to reduce the whole man-
ufacturing cost.
[0061] Also, since the LCD device of the present in-
vention regulates the output voltage levels of the gate-
on and gate-off voltages using the gate-on voltage gen-
eration circuit and the gate-off voltage generation circuit,
it is possible to provide stable gate-on and gate-off volt-
ages and to reduce the power consumption.
[0062] While this invention has been described in con-
nection with what is presently considered to be practical
exemplary embodiments, it is to be understood that the
invention is not limited to the disclosed embodiments,
but, on the contrary, is intended to cover various modifi-
cations and equivalent arrangements included within the
spirit and scope of the appended claims.

Claims

1. A gate-on voltage generation circuit for providing a
gate-on voltage to an output terminal, the circuit com-
prising:
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a first capacitor charged with a first control signal
and a first reference voltage to output a first
charging voltage through a first output node ac-
cording to the first control signal;
a second capacitor charged with a second con-
trol signal and the first reference voltage to out-
put a second charging voltage according to the
second control signal;
a first switching device connected between the
first capacitor and the first output node to selec-
tively output the first charging voltage to the first
output node;
a second switching device which is turned on by
the second charging voltage to supply the first
reference voltage to the first capacitor, the first
and second switching devices being exclusively
capacitor, the first and second switching devices
being exclusively turned on and off; and
a third switching device which is turned on by
the first charging voltage to supply the first ref-
erence voltage to the second capacitor and turns
on the first switching device and at the same
time turns off the second switching device by
supplying the first reference voltage to the first
and second switching devices.

2. The gate-on voltage generation circuit of claim 1,
wherein the first switching device is a P-type tran-
sistor.

3. The gate-on voltage generation circuit of claim 1,
wherein the second and third switching devices are
N-type transistors.

4. The gate-on voltage generation circuit of claim 1,
wherein the second switching device is turned off by
the first reference voltage applied to a gate electrode
while the first charging voltage is output.

5. The gate-on voltage generation circuit of claim 1,
wherein the first charging voltage is output by step-
ping up above the first reference voltage.

6. A gate-off voltage generation circuit for providing a
gate-off voltage to an output terminal, the circuit com-
prising:

a third capacitor charged with a first control sig-
nal and a second reference voltage to output a
third charging voltage through a second output
node according to the first control signal;
a fourth capacitor charged with a second control
signal and the second reference voltage to out-
put a fourth charging voltage according to the
second control signal;
a fourth switching device connected between
the third capacitor and the second output node
to selectively output the third charging voltage

to the second output node;
a fifth switching device which is turned on by the
fourth charging voltage to supply the second ref-
erence voltage to the third capacitor, the fourth
and fifth switching devices being exclusively
turned on and off; and
a sixth switching device which is turned on by
the third charging voltage to supply the second
reference voltage to the fourth capacitor and
turns on the fourth switching device and at the
same time turns off the fifth switching device by
supplying the second reference voltage to the
fourth and fifth switching devices.

7. The gate-off voltage generation circuit of claim 6,
wherein the fourth switching device is an N-type tran-
sistor.

8. The gate-off voltage generation circuit of claim 6,
wherein the fifth and sixth switching devices are P-
type transistors.

9. The gate-off voltage generation circuit of claim 6,
wherein the fifth switching device is turned off by the
second reference voltage applied to a gate electrode
while the third charging voltage is output.

10. The gate-off voltage generation circuit of claim 6,
wherein the third charging voltage is output by step-
ping down below the second reference voltage.

11. A liquid crystal display device comprising the gate-
on voltage generation circuit of any of claims 1-5,
and further comprising:

a liquid crystal display panel for displaying an
image;
a gate driver formed on the liquid crystal display
panel, for driving gate lines of the liquid crystal
display panel;
a data driver formed on the liquid crystal display
panel, for driving data lines of the liquid crystal
display panel;
a timing controller for providing control signals
to the gate driver and the data driver and pro-
viding video signals to the data driver; and
a power source for providing the first reference
voltage to the gate-on voltage generation circuit;
wherein the gate-on voltage generation circuit
is formed integrally on the liquid crystal display
panel.

12. A liquid crystal display device comprising the gate-
off voltage generation circuit according to any of
claims 6-10 and further comprising:

a liquid crystal display panel for displaying an
image;
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a gate driver circuit formed on the liquid crystal
display panel, for driving gate lines of the liquid
crystal display panel;
a data driver formed on the liquid crystal display
panel, for driving data lines of the liquid crystal
display panel;
a timing controller for providing control signals
to the gate driver and the data driver and pro-
viding video signals to the data driver; and
a power source for providing the second refer-
ence voltage to the gate-off voltage generation
circuit;
wherein the gate-off voltage generation circuit
is formed integrally on the liquid crystal display
panel.

13. A liquid crystal display device comprising the gate-
on voltage generation circuit of any of claims 1-5 and
the gate-off voltage generation circuit according to
any of claims 6-10 and further comprising:

a liquid crystal display panel for displaying an
image;
a gate driver circuit formed on the liquid crystal
display panel, for driving gate lines of the liquid
crystal display panel;
a data driver formed on the liquid crystal display
panel, for driving data lines of the liquid crystal
display panel;
a timing controller for providing control signals
to the gate driver and the data driver and pro-
viding video signals to the data driver; and
a power source for providing the first reference
voltage and the second reference voltage to the
gate-on voltage generation circuit and the gate-
off voltage generation circuit, respectively;
wherein the gate-on voltage generation circuit
and the gate-off voltage generation circuit are
formed integrally on the liquid crystal display
panel.
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