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(57) ABSTRACT

A liquid crystal display device discharges residual charge
within the liquid crystal display panel. The liquid crystal
display device comprises pixels defined by gate lines and data
lines intersecting with each other and switching elements for
driving the plurality of pixels; a level shifter comprising a first
transistor connected between a gate-on voltage terminal and
an output terminal and a second transistor connected between
a gate-off voltage terminal and the output terminal to selec-
tively output either the gate-on voltage or gate-off voltage to
the plurality of gate lines; and a discharge circuit forming a
discharge path connecting the gate-off voltage terminal and
the ground terminal. The second transistor is turned on during
the power-on of the liquid crystal display panel to apply the
gate-off voltage. The discharge circuit is turned on to dis-
charge the residual charge of the liquid crystal display panel
through the discharge path.
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[0018] The leakage current may create a short circuit on a
path through which the gate-off voltage (VGL) is applied to
the liquid crystal display panel 10. In this case, the potential of
the gate-off voltage (VGL) is increased, and thus the thin-film
transistor within the liquid crystal display panel 10 to which
the gate-off voltage (VGL) is applied may enter an abnormal
operation range. As a result, each pixel of the liquid crystal
display panel 10 may not be driven in a proper manner,
thereby causing screen display failure.

SUMMARY OF THE INVENTION

[0019] Inorderto solve the foregoing problem, an object of
the embodiments of the present invention is to discharge
residual charge flowing from the liquid crystal display panel
to the gate driving unit through the discharge circuit when
turning on the liquid crystal display panel.

[0020] Furthermore, other objects and features of the
present invention will be described in the configuration of the
invention and claims which follow hereinbelow.

[0021] Inorderto accomplish the task of the present inven-
tion, a liquid crystal display device according to an embodi-
ment of the present invention may include a liquid crystal
display panel comprising a plurality of pixels defined by a
plurality of gate lines and a plurality of data lines intersecting
with each other and switching elements for driving the plu-
rality of pixels; a level shifter comprising a first transistor
connected between a gate-on voltage terminal and an output
terminal and a second transistor connected between a gate-off
voltage terminal and the output terminal to selectively output
either one of the gate-on voltage or gate-off voltage to the
plurality of gate lines; and a discharge circuit configured to
form a first discharge path connecting the gate-off voltage
terminal and the ground terminal. The second transistor is
turned on during the power-on of the liquid crystal display
panel to apply the gate-off voltage, and the discharge circuitis
turned on to discharge the residual charge of the liquid crystal
display panel through the first discharge path.

[0022] Preferably, the residual charge may be a charge
stored in the plurality of pixels and the gate line during the
power-off of the liquid crystal display panel.

[0023] Furthermore, the discharge circuit may conduct the
first discharge path to discharge the residual charge and then
open the first discharge path.

[0024] Furthermore, the discharge circuit may compare an
enable signal the potential of which is linearly increased from
a time point at which the liquid crystal display panel is pow-
ered on with a reference voltage, and conduct the first dis-
charge path to discharge residual charge when the potential of
the enable signal is lower than the potential of the reference
voltage, and open the first discharge path when the potential
of the enable signal is higher than the potential of the refer-
ence voltage.

[0025] Furthermore, the discharge circuit may include an
enable signal generator configured to generate the enable
signal; a comparator configured to receive the enable signal
and the reference voltage to output a logical value “1” when
the potential of the enable signal is lower than the potential of
the reference voltage and output a logical value “0” when the
potential of the enable signal is higher than the potential of the
reference voltage; and a third transistor configured to conduct
the first discharge path upon receiving the logical value “1”
and open the first discharge path upon receiving the logical
value “0”.
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[0026] Furthermore, the comparator may be configured
with a differential amplifier to receive the enable signal at a
non-inverting terminal thereof and receive the reference volt-
age at an inverting terminal thereof, and output a logical value
to the third transistor.

[0027] Furthermore, a gate electrode of the third transistor
may be connected to an output terminal of the comparator,
and a source electrode thereof may be connected to the gate-
off voltage terminal, and a drain electrode thereof may be
connected to the ground terminal.

[0028] Furthermore, the discharge circuit may further
include a first diode connected to the third transistor in series.
[0029] Furthermore, the turn-on voltage of the first diode
may be 0.3 V.

[0030] Furthermore, the liquid crystal display device may
further include a capacitor connected between the gate-off
terminal and the ground terminal.

[0031] Furthermore, the liquid crystal display device may
further include a second diode connected to the capacitor in
parallel to form a second discharge path.

[0032] Furthermore, the discharge circuit may be included
within the level shifter.

[0033] On the other hand, according to another embodi-
ment of the present invention, there is provided a method of
driving a liquid crystal display device including a liquid crys-
tal display panel including a plurality of pixels defined by a
plurality of gate lines and a plurality of data lines intersecting
with each other; a level shifter comprising a first transistor
connected between a gate-on voltage terminal and the gate
line and a second transistor connected between a gate-off
voltage terminal and the gate line; and a discharge circuit
configured to form a first discharge path connecting the gate-
off voltage terminal and the ground terminal, and the method
may include applying power to the liquid crystal display
panel; turning on the second transistor to conduct a current
path for applying a gate-off voltage to the gate line; forming
the first discharge path connected to the current path; dis-
charging the residual charge of the liquid crystal display panel
through the first discharge path and the current path; and
applying the gate-off voltage to the liquid crystal display
panel.

[0034] Preferably, the method may further include opening
the first discharge path subsequent to discharging the residual
charge.

[0035] Furthermore, said conducting the first discharge
path may include comparing an enable signal having poten-
tial that is linearly increased from a time point at which power
is applied to the liquid crystal display panel with a reference
voltage; generating a first control signal when the potential of
the enable signal is lower than that of the reference voltage;
and conducting the first discharge path based on the first
control signal.

[0036] Furthermore, said opening the first discharge path
may include comparing an enable signal the potential of
which is linearly increased from a time point at which power
is applied to the liquid crystal display panel with a reference
voltage; generating a second control signal when the potential
of the enable signal is higher than that of the reference volt-
age; and opening the first discharge path based on the second
control signal.

[0037] Furthermore, the method may further include form-
ing a second discharge path connected to the current path and
connected to the first discharge path in parallel while at the
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same time forming the first discharge path; and discharging
the residual charge through the second discharge path.
[0038] According to a liquid crystal display device having
the foregoing configuration and a method of driving the same
associated with at least one embodiment of the present inven-
tion, residual charge flowing from the liquid crystal display
panel to the gate driving unit when turning on the liquid
crystal display panel may be discharged, thereby preventing
the potential of the gate-off voltage applied to the liquid
crystal display panel from being increased.

[0039] Accordingly, the level shifter may output a normal
gate-off voltage, and the thin-film transistor may be stably
operated, thereby removing screen display failure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention.
[0041] FIG. 1 is a schematic block diagram illustrating a
liquid crystal display device.

[0042] FIG. 2 is a schematic block diagram illustrating a
liquid crystal display device according to a first embodiment
of the present invention.

[0043] FIG. 3 is a block diagram illustrating a gate driving
unit according to a first embodiment of the present invention.
[0044] FIG. 4 is a block diagram illustrating a level shifter
and a discharge circuit according to a first embodiment of the
present invention.

[0045] FIG. 51is a circuit diagram illustrating the discharge
circuit and level shifter according to a first embodiment of the
present invention.

[0046] FIG. 6 is a graph illustrating a power voltage, an
enable signal, a gate voltage according to a first embodiment
of the present invention.

[0047] FIG. 7A is an operation circuit diagram during the
interval t2 after turned on at the discharge circuit and level
shifter according to a first embodiment of the present inven-
tion.

[0048] FIG. 7B is an operation circuit diagram during the
interval t3 after turned on at the discharge circuit and level
shifter according to a first embodiment of the present inven-
tion.

[0049] FIG. 81is a circuit diagram illustrating the discharge
circuit and level shifter according to a second embodiment of
the present invention.

[0050] FIG. 9A is an operation circuit diagram during the
interval t2 after turned on at the discharge circuit and level
shifter according to a second embodiment of the present
invention.

[0051] FIG. 9B is an operation circuit diagram during the
interval t3 after turned on at the discharge circuit and level
shifter according to a second embodiment of the present
invention.

[0052] FIG. 10 is a flow chart illustrating a method of
driving a liquid crystal display device according to a third
embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0053] Hereinafter, a liquid crystal display device and a
method of driving the same according to an embodiment of
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the present invention will be described in more detail with
reference to the accompanying drawings.

[0054] Even in different embodiments according to the
present disclosure, the same or similar reference numerals are
designated to the same or similar configurations, and the
description thereof will be substituted by the earlier descrip-
tion.

[0055] Unless clearly used otherwise, expressions in the
singular number used in the present disclosure may include a
plural meaning.

[0056] Furthermore, it should be considered that constitu-
ent elements in the drawings attached to the specification
might be illustrated in an enlarged or reduced manner for the
sake of convenience of explanation.

[0057] FIG. 2 is a schematic block diagram illustrating a
liquid crystal display device according to a first embodiment
of the present invention. A liquid crystal display device
according to a first embodiment of the present invention may
include a liquid crystal display panel 110, a power supply unit
150, a timing controller 140, a gate driving unit 120 and a data
driving unit 130.

[0058] The liquid crystal display panel 110 may include a
plurality of gate lines (GLs) and a plurality of data lines
(DLs), and a plurality of unit pixels arranged in a matrix form
defined by the plurality of gate lines (GLs) and data lines
(DLs) intersecting with each other.

[0059] Theeachunit pixel may include a switching element
(TFT) connected to the gate line (GL) and the data line (DL).
In case of the liquid crystal display device, the device may
include a liquid crystal capacitor (Clc) and a storage capacitor
(Cst) connected to the switching element (TFT).

[0060] The switching element (TFT) may be provided in a
TFT substrate, and as a three-terminal element, a gate elec-
trode thereof is connected to the gate line (GL), and a source
electrode thereof is connected to the data line (DL), and a
drain electrode thereof is connected to the liquid crystal
capacitor (Clc) or storage capacitor (Cst) within the unit
pixel.

[0061] The power supply unit 150 may generate a plurality
of driving voltages for driving the liquid crystal display panel
110, timing controller 140, gate driving unit 120 and data
driving unit 130. In particular, the power supply unit 150 may
supply the power voltage (VCC), gate-on voltage (VGH),
gate-off voltage (VGL) and reference voltage (VOP) to the
gate driving unit 120, and supply the power voltage (VCC),
driving voltage (VDD) and gamma voltage (GMA) to the data
driving unit 130, and supply the common voltage (Vcom) to
the liquid crystal display panel 110.

[0062] The timing controller 140 receives an image signal
and control signals for controlling the display thereof, for
example, a vertical synchronization signal (Vsync), a hori-
zontal synchronization signal (Hsync), a main clock
(MCLK), a data enable signal (DE), and the like, from an
external graphic controller (not shown). The timing controller
140 may generate and provide a gate control signal (CONT1),
a data control signal (CONT2), and the like based on the
provided control signals o the gate driving unit 120 and data
driving unit 130.

[0063] Here, the gate control signal (CONT1) may include
a gate start pulse (GSP) indicating a start of outputting a
gate-on pulse (gate-on voltage interval), a gate shift clock
signal (GSC) for controlling the output timing of a gate-on
pulse, a gate output enable signal (GOE) for limiting the
width of a gate-on pulse, and the like.
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[0064] The data control signal (CONT2) may include
image data, a source start pulse (SSP) indicating a start of
providing the image data, a source output enable signal (SOE)
for applying the relevant data voltage to the data line (DL), a
reverse signal (RVS) for reversing the polarity of the data
voltage, a data clock signal (HCLK), and the like.

[0065] The gate driving unit 120 is connected to the gate
line (GL) of the liquid crystal display panel 110 to apply a
gate voltage comprised of a combination of the gate-on volt-
age (VGH) and gate-off voltage (VGL) to the gate line (GL).
[0066] The data driving unit 130 is connected to the data
line (DL) of the liquid crystal display panel 110, and gener-
ates a plurality of gradation voltages based on a plurality of
gamma voltages (GMA), and selects the generated gradation
voltage to apply the data voltage to the unit pixel.

[0067] At this time, the gate driving unit 120 may include a
circuit (not shown) for discharging residual charge within the
liquid crystal display panel 110 during the turn-off of the
liquid crystal display panel 110. Accordingly, when the liquid
crystal display panel 110 is turned off, the circuit (not shown)
applies a gate-on voltage to the gate line (GL) of the liquid
crystal display panel 110 to turn on the switching element
within the liquid crystal display panel 110, thereby discharg-
ing residual charge stored in a plurality of pixels.

[0068] Furthermore, when the liquid crystal display panel
110 is turned on, the gate driving unit 120 may include a
discharge circuit (not shown) for discharging residual charge
remaining in each unit pixel and the gate line (GL). Herein-
after, the configuration of the gate driving unit 120 will be
described in more detail.

[0069] FIG. 3 is a block diagram illustrating a gate driving
unit according to a first embodiment of the present invention,
and FIG. 4 is a block diagram illustrating a level shifter and a
discharge circuit according to a first embodiment of the
present invention.

[0070] The gate driving unit according to a first embodi-
ment of the present invention may include a shift register 121,
a level shifter 122, an output buffer unit 123, and a discharge
circuit 124.

[0071] The shift register 121 receives a plurality of gate
shift clock signals (GSCs) and a gate start pulses (GSP)
among the gate control signals (CONT1) to shift the gate start
pulse (GSP), thereby outputting a sequentially shifted gate
driving voltage (SO). The gate driving voltage (SO) may
include a first driving voltage at a high level and a second
driving voltage at a low level.

[0072] The level shifter 122 enhances the swing voltage of
the gate driving voltage (SO) to supply the gate voltage (LO)
to each of the gate lines.

[0073] The level shifter 122 is connected to a gate-on volt-
age terminal, a gate-off voltage terminal, a power voltage
terminal, and a shift register 121 output terminal and driven
by the power voltage (VCC), and receives the gate-on voltage
(VGH), gate-off voltage (VGL) and gate driving voltage
(SO). The level shifter 122 outputs the gate-on voltage (VGH)
when a first driving voltage is input to the level shifter 122 and
outputs the gate-off voltage (VGL) when a second driving
voltage is input thereto. The gate-on voltage (VGH) is about
25V and the potential thereof may be higher than that of the
first driving voltage, and the gate-off voltage (VGL) is about
-5V and the potential thereof may be lower than that of the
second driving voltage.
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[0074] Furthermore, the level shifter 122 is configured with
a plurality of stages 122a-122n, where each stage corre-
sponds to one gate line.

[0075] The output buffer unit 123 attenuates and sends the
gate voltage (LO) to the gate line to minimize the effect of a
gate line load. The output buffer unit 123 may be configured
with a buffer circuit (not shown) containing an operational
amplifier (not shown) having a voltage gain value of 1.
[0076] On the other hand, the discharge circuit 124 may be
connected to the level shifter 122 to discharge the residual
charge of the liquid crystal display panel. The residual charge
may be a residual charge stored in a plurality of pixels within
the liquid crystal display panel, and may be discharged
through a path connecting the gate line and level shifter 122
with the discharge circuit 124 when turning on the liquid
crystal display panel.

[0077] The discharge circuit 124 may be connected to a
gate-off voltage terminal, a power voltage terminal, and a
reference voltage terminal to receive the gate-off voltage
(VGL), power voltage (VCC), and reference voltage (VOP).
[0078] Furthermore, the discharge circuit 124 may be con-
figured with a plurality of stages 124a-124n one of which is
disposed for each level shifter 122.

[0079] Hereinafter, the detailed configuration of the dis-
charge circuit 124 will be described with reference to other
drawings.

[0080] FIG. 5is a circuit diagram illustrating the discharge
circuit and level shifter according to a first embodiment of the
present invention, and FIG. 6 is a graph illustrating a power
voltage (VCC), an enable signal, a gate voltage according to
a first embodiment of the present invention.

[0081] The level shifter 122 according to a first embodi-
ment of the present invention may include a first transistor
(T1), a second transistor (12), and a first diode (D1) con-
nected in series. The gate electrode of the first transistor (T1)
is connected to an output terminal of the shift register, and a
source electrode of the first transistor (T1) is connected to the
gate-on voltage terminal, and a drain electrode of the first
transistor (T1) is connected to the liquid crystal display panel
110. The first transistor (T1) may be formed with an n-chan-
nel MOS (NMOS) device. Furthermore, the first transistor
(T1) may be turned on by the first driving voltage to form a
first current path in which the gate-on voltage (VGH) is
applied to the liquid crystal display panel.

[0082] A gate electrode of the second transistor (T2) may
be connected to an output terminal of the shift register, and a
source electrode of the second transistor (T2) may be con-
nected to the gate-off voltage terminal through a first node
(N1), and a drain electrode of the second transistor (12) may
be connected to the liquid crystal display panel. The second
transistor (T2) may be formed with a p-channel MOS
(PMOS) device. Furthermore, the second transistor (12) may
be turned on by the second driving voltage to form a second
current path in which the gate-off voltage (VGL) is applied to
the liquid crystal display panel.

[0083] The first diode (D1) is an anti-static diode. The
anode electrode of the first diode (D1) may be connected to
the first node (N1) and the cathode electrode of the first diode
(D1) may be connected to the ground terminal. In one
embodiment, the turn-on voltage of the first diode (D1) is
about 0.8 V.

[0084] Accordingly, the level shifter 122 selectively turns
on or off the first transistor (T1) and second transistor (T2)
based on the gate driving voltage (SO), thereby outputting a



US 2013/0147697 Al

voltage having the same waveform as the gate driving voltage
(SO) while outputting the gate voltage (LO) with a changed
swing level.

[0085] On the other hand, the discharge circuit 124 accord-
ing to a first embodiment of the present invention may include
an enable signal generator (E1), a comparator (AMP1), and a
third transistor (T3).

[0086] The enable signal generator (E1) receives the power
voltage (VCC) and outputs an enable signal (V z,). The power
voltage (VCC) is a voltage raised to a high-level potential at
an instant when turned on as illustrated in FIG. 6. The enable
signal (Vzy) is a voltage linearly increased at an instant when
turned on. The enable signal (V) may be raised to a poten-
tial higher than the potential of the reference voltage and then
maintained at a constant potential.

[0087] Furthermore, the enable signal generator (E1) is
configured with an integrator to integrate the power voltage
(VCC) for a predetermined period of time to make a linearly
increased waveform. However, the enable signal generator
(E1) is not limited to this, and any circuit may be used if it is
a circuit capable of outputting a linearly increased voltage.

[0088] The comparator (AMP1) compares the potential of
the enable signal (V,,) with that of the reference voltage to
output a logical value “1” when the potential of the enable
signal (V) is lower than that of the reference voltage, and
output a logical value “0” when the potential of the enable
signal (V) is higher than that of the reference voltage.

[0089] Furthermore, the comparator (AMP1) may be con-
figured with a differential amplifier in which an inverting
terminal thereof is connected to an output terminal of the
enable signal generator (E1), a non-inverting terminal thereof
is connected to the reference voltage terminal, and an output
terminal thereof is connected to a gate electrode of the third
transistor (T3).

[0090] The gate electrode of the third transistor (T3) may be
connected to an output terminal of the comparator (AMP1),
the source electrode of the third transistor (T3) may be con-
nected to the first node (N1), and the drain electrode of the
third transistor (T3) may be connected to the ground terminal.
The third transistor (T3) may conduct a path between the first
node (N1) and the ground terminal when a logical value “1”
is input to the gate electrode, and open a path between the first
node (N1) and the ground terminal when a logical value “0”
is input to the gate electrode.

[0091] Accordingly, the discharge circuit 124 may selec-
tively conduct the first discharge path (not shown) for con-
necting between the first node (N1) and the ground terminal.
The first node (N1) is connected to a source electrode of the
second transistor (T2), and thus the first discharge path may
be connected to a gate line of the liquid crystal display panel
through the second current path. Therefore, the residual
charge of the liquid crystal display panel may be discharged
through the first discharge path.

[0092] On the other hand, an auxiliary discharge circuit 125
may be formed outside the discharge circuit 124 and level
shifter 122. The auxiliary discharge circuit 125 is connected
between the first node (N1) and the ground terminal, and may
be configured with a second diode (D2) connected to the
capacitor (C1) in parallel. An anode electrode of the second
diode (D2) may be connected to the first node (N1) and a
cathode electrode thereof may be connected to the ground
terminal. The auxiliary discharge circuit 125 may form a
second discharge path.
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[0093] In this case, the capacitor (C1) is connected to a
gate-off voltage terminal through the first node (N1), and
disposed to stably apply the gate-off voltage (VGL) without
ripple to the liquid crystal display panel.

[0094] However, residual charge may be filled into the
capacitor (C1) when turning on the liquid crystal display
panel to increase a potential difference of the capacitor (C1),
and thus the first diode (D1) is turned on to leak the residual
charge through a path disposed with the first diode (D1),
thereby causing a short circuit.

[0095] Accordingly, the second diode (D2) forms an aux-
iliary discharge path capable of discharging residual charge
as well as has a turn-on voltage less than the turn-on voltage
of the first diode (D1), and thus the residual charge is not
leaked to the first diode (D1), thereby allowing the first diode
(D1) to be stably operated. The turn-on voltage of the first
diode (D1) may be 0.8 V, and the turn-on voltage of the second
diode (D2) may be 0.3 V. As a result, the gate-off voltage
(VGL) may not be raised above 0.3 V by the second diode
(D2), thereby securing a stable operation of the gate-off volt-
age (VGL).

[0096] On the other hand, itis illustrated in the drawing that
the discharge circuit 124 is disposed outside the level shifter
122, but an embodiment of the present invention may include
a case that the discharge circuit 124 is disposed within the
level shifter 122.

[0097] Hereinafter, the operation of a discharge circuit
according to a first embodiment of the present invention will
be described with reference to FIGS. 7A and 7B.

[0098] FIG. 7A is an operation circuit diagram during the
interval t2 after turned on at the discharge circuit and level
shifter according to a first embodiment of the present inven-
tion, and FIG. 7B is an operation circuit diagram during the
interval t3 after turned on at the discharge circuit and level
shifter according to a first embodiment of the present inven-
tion.

[0099] First, referring to FIG. 6, the interval t1 is an interval
during which the liquid crystal display panel is turned off, and
the intervals t2 and t3 are intervals during which the liquid
crystal display panel is turn on. At this time, the power voltage
(VCC) is a low level during the interval t1 and the enable
signal is also a low level, and the gate voltage (LO) is a
gate-on voltage (VGH). In other words, during the interval t1,
the power voltage (VCC) is not applied to the liquid crystal
display panel and gate driving unit, and thus the level shiftand
discharge circuit are not operated, but only a circuit (not
shown) for applying the gate-on voltage (VGH) to the liquid
crystal display panel is operated. Accordingly, the switching
element of the liquid crystal display panel is turned on, and
residual charge may be discharged to the data line through the
switching element, but part of the residual charge that has not
been discharged may remain in a state of being stored in the
liquid crystal display panel.

[0100] Subsequently, during the interval t2, the power volt-
age (VCC) is boosted to a high level, and thus the enable
signal (V) also starts to be linearly increased. At this time,
the second driving voltage at a low level is output to the shift
register, and thus as illustrated in FIG. 7A, the first transistor
(T1) is turned off and the second transistor (12) is turned on.
Accordingly, a first current path connecting the gate-on volt-
age terminal and output terminal is open, and a second current
path connecting the gate-oft voltage and output terminal is
conducted.
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[0101] Atthis time, the gate-off voltage (VGL) is applied to
a gate line of the liquid crystal display panel through the
second current path. In FIG. 7A, a path in which the gate-off
voltage (VGL) is applied to the liquid crystal display panel is
path (5). Therefore, as illustrated in FIG. 6, the gate voltage
(LO) starts to drop down to a potential of the gate-off voltage
(VGL) from the time point t1. However, since the gate voltage
(LO) is an analog voltage, it drops down with an arbitrary
slope value for a predetermined period of time.

[0102] On the other hand, the enable signal (V) starts to
linearly increase while at the same time the liquid crystal
display device is turned on, but the voltage level is lower than
the reference voltage (VOP) during the interval t1. Here, the
reference voltage (VOP) is 1 or 1.8 V. Accordingly, the com-
parator outputs a logical value “17, and thus the third transis-
tor (T3) is turned on. Therefore, the discharge circuit forms a
first discharge path connecting the first node (N1) and the
ground terminal.

[0103] At this time, the residual charge of the liquid crystal
display panel may be passed through the second current path
and discharged through the first discharge path. In other
words, the residual charge may be discharged through the
paths (1) and (2) as illustrated in FIG. 7A.

[0104] Furthermore, the second diode (D2) may form a
second discharge path connecting the first node (N1) and the
ground terminal. However, the turn-on voltage of the second
diode (D2) is about 0.3 V, and thus the second discharge path
may be conducted when the voltage of the first node (N1) is
above about 0.3 V. The residual charge may be discharged
through the paths (1) and (4).

[0105] On the other hand, the first diode (D1) may also
form a third discharge path connecting the first node (N1) and
the ground terminal. However, the turn-on voltage of the first
diode (D1) is about 0.8 V, and thus the third discharge path
may be conducted when the voltage of the first node (N1) is
above about 0.8 V. At this time, the residual charge may be
discharged through the paths (1) and (3). In this manner, the
residual charge may be discharged through the first discharge
path, and the second and the third discharge path may also
form auxiliary discharge paths to effectively discharge the
residual charge. Therefore, as illustrated in FIG. 6, the gate
voltage (LO) has a stable gate-off voltage (VGL) without
increasing the potential.

[0106] Then, during the interval t3, the power voltage
(VCC) maintains a high level, and the enable signal (V)
continues to be raised and then maintain a predetermined
potential when reaching the predetermined potential. In this
case, referring to F1G. 7B, the level shifter receives the second
driving voltage at a low level as in case of the interval t2, and
thus the first transistor (T1) is turned off and the second
transistor (12) is turned on to conduct only the second current
path. Accordingly, the gate-off voltage (VGL) continues to be
applied to the liquid crystal display panel through the path (5).

[0107] Then, the potential of the enable signal (V)
becomes higher than that of the reference voltage. Accord-
ingly, the comparator outputs a logical value “0”, and the third
transistor (T3) that has received the logical value “0” is turned
off. Therefore, the first discharge path is open.

[0108] On the other hand, the voltage of the first node (N1)
is lower than the turn-on voltage of the first diode (D1) and
second diode (D2), and thus the first diode (D1) and second
diode (D2) are in a turn-off state and the second and the third
discharge path are also open.
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[0109] Accordingly, the residual charge is not discharged
through the first and the second, and third discharge path.
[0110] Insummary, the residual charge of the liquid crystal
display panel is discharged through three discharge paths
during the interval t2, and thus when the residual charge is
charged in the capacitor (C1) and the residual charge being
charged is increased, it will not occur a case where the current
is leaked through a route connected to the capacitor (C1) in
parallel. Accordingly, a short phenomenon due to leakage
current does not occur, and thus the gate-off voltage (VGL)
may be stably applied to the liquid crystal display panel. As a
result, it may be possible to remove the phenomenon of screen
display failure that has occurred when turning on the liquid
crystal display device.

[0111] Hereinafter, a discharge circuit according to a sec-
ond embodiment of the present invention will be described in
detail.

[0112] FIG. 8is a circuit diagram illustrating the discharge
circuit and level shifter according to a second embodiment of
the present invention. A liquid crystal display device accord-
ing to a second embodiment of the present invention does not
include an auxiliary discharge circuit, and the remaining con-
figuration thereof is the same as that of the first embodiment
of'the present invention, and the description thereof is substi-
tuted by the description of the first embodiment.

[0113] The level shifter 222 according to a second embodi-
ment of the present invention may include a first transistor
(T11), a second transistor (T12), and a first diode (D 11).
Similar to the first embodiment, the first transistor (T11) may
form a first current path in which the gate-on voltage (VGH)
is applied to the liquid crystal display panel, and the second
transistor (T12) may form a second current path in which the
gate-off voltage (VGL) is applied to the liquid crystal display
panel, and the turn-on voltage of the first diode (D11) may be
0.8 V as an anti-static diode.

[0114] On the other hand, the discharge circuit 224 accord-
ing to a second embodiment of the present invention may
include an enable signal generator (Ell), a comparator
(AMP11), a third transistor (T13), and a second diode (D12).
The enable signal generator (E11), comparator (AMP11), and
third transistor (T13) are the same as the configuration
according to the first embodiment of the present invention,
and perform the same operation, and thus the description
thereof is substituted by the description of the first embodi-
ment.

[0115] Hereinafter, the second diode (D12) will be
described in detail. The second diode (D12) may be disposed
at a first discharge path connecting the first node (N11) and
the ground terminal. Specifically, an anode electrode of the
second diode (D12) may be connected to the first node (N11),
and a cathode electrode thereof to the third transistor (T13).
The turn-on voltage of the second diode (D12) may be 0.3 V.
[0116] When the liquid crystal display device is turned on
and then the potential of the first node (N11) is above 0.3V,
the residual charge may be discharged through the first dis-
charge path, but when the potential of the first node (N11) is
less than 0.3 V, the residual charge may be charged in the
capacitor (C11). When the residual charge charged in the
capacitor (C11) is increased, the potential at both ends of the
capacitor (C11) may be raised, and the potential of the first
node (N11) may be raised. At this time, when the potential of
the first node (N11) is higher than the turn-on voltage of the
first diode (D11) and second diode (D12), the first diode
(D11) and second diode (D12) may be turned on. However,
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the turn-on voltage of the second diode (D12) is lower, and
thus the residual charge is discharged through the turned-on
second diode (D12) prior to turning on the first diode (D11),
and thus the voltage of the first node (N11) is unable to be
raised above 0.3 V.

[0117] Therefore, the second diode (D12) may suppress the
potential of the gate-off voltage (VGL) under 0.3 V, thereby
securing a stable operation of the switching element of the
liquid crystal display panel.

[0118] Anoperation voltage according to a second embodi-
ment of the present invention has the same form as that of the
first embodiment, and thus the operation according to a sec-
ond embodiment of the present invention will be described
below with reference to FIGS. 6, 9A and 9B.

[0119] FIG. 9A is an operation circuit diagram during the
interval t2 after turned on at the discharge circuit and level
shifter according to a second embodiment of the present
invention, and FIG. 9B is an operation circuit diagram during
the interval t3 after turned on at the discharge circuit and level
shifter according to a second embodiment of the present
invention. The interval t1 is an interval in which the liquid
crystal display device is turned off, and the discharge circuit
is not operated and the first transistor (T11) of the level shifter
is turned on, and thus the gate-on voltage (VGH) is applied to
the liquid crystal display panel through the first current path.

[0120] The interval t2 is an interval in which the liquid
crystal display device starts to be turned on, and will be
described with reference to FIG. 9A. At an instant when the
liquid crystal display device is turned on, the first transistor
(T11) is turned off, and the second transistor (T12) is turned
on. In other words, a first current path connecting the gate-on
voltage terminal and the output terminal is open, and a second
current path connecting the gate-off voltage terminal and the
output terminal is conducted. Accordingly, the gate-off volt-
age (VGL) is applied to the liquid crystal display panel
through the second current path. The path through which the
gate-off voltage (VGL) is applied to the liquid crystal display
panel is path (4).

[0121] On the other hand, the voltage level of the enable
signal starts to linearly increase but it stays lower than that of
the reference voltage (VOP). The reference voltage (VOP) is
1 or 1.8 V. Accordingly, the comparator outputs a logical
value “1” and thus the third transistor (T13) is turned on.
Therefore, the discharge circuit forms a first discharge path
connecting the first node (N11) and the ground terminal. At
this time, the residual charge of the liquid crystal display
panel passes through the second current path to be discharged
through the first discharge path. In other words, the residual
charge may be discharged through the paths (1) and (2).

[0122] Then, the first diode (D11) also forms a second
discharge path connecting the first node (N11) and the ground
terminal. Accordingly, the residual charge may be discharged
through the paths (1) and (3).

[0123] On the other hand, when residual charge is charged
to the capacitor (C11), the residual charge being charged may
be increased to increase the voltage of the first node (N11)
based on an increase of voltage at both ends of the capacitor
(C11). However, when the first node (N11) becomes 0.3 V, the
second diode (D12) is turned on and thus the residual charge
is discharged through the second diode (D12), and therefore,
the first diode (D11) is not turned on. Furthermore, the poten-
tial of the first node (N11) is not raised above 0.3 V, and thus
the gate-off voltage (VGL) is not also raised above 0.3 V.
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[0124] The interval t3 is an interval in which the liquid
crystal display device is turned on subsequent to the interval
t2, and will be described with reference to FIG. 9B. Similar to
a case of the interval t2, the first transistor (T11) is turned off
and the second transistor (T12) is turned on and thus only the
second current path is conducted.

[0125] Then, the potential of the enable signal is higher
than that of the reference voltage. Accordingly, the compara-
tor outputs a logical value “0” to the output terminal, and the
third transistor (T13) that has received the logical value “0” is
turned off. Therefore, the first discharge path is open. Fur-
thermore, the voltage of the first node (N11) becomes the
same as that of the gate-off voltage (VGL), and thus is lower
than the turn-on voltage of the first diode (D11), and the first
diode (D11) is not turned on. As a result, the residual charge
is not discharged through the second discharge path. Accord-
ingly, the gate-off voltage (VGL) has a low level voltage as
illustrated in FIG. 6, and may be stably applied to the liquid
crystal display panel.

[0126] Hereinafter, a method of driving a liquid crystal
display device according to a third embodiment of the present
invention will be described. FIG. 10 is a flow chart illustrating
a method of driving a liquid crystal display device according
to a third embodiment of the present invention.

[0127] First, the liquid crystal display device is set to a
turn-off state (S1). At this time, the gate-on voltage is applied
to the gate line of the liquid crystal display panel, and thus the
thin-film transistor (TFT) is in a turned-on state, and residual
charge is stored in a plurality of pixels.

[0128] Then, the liquid crystal display device is turned on
(S2). At this time, the power supply unit is operated, and the
power supply unit applies a power voltage to the discharge
circuit to drive the discharge circuit (S3a), and applies a
power voltage to the level shifter to drive the level shifter
(S35), and applies a power voltage to the shift register to drive
the shift register (S3¢).

[0129] Then, the shift register outputs a first driving voltage
to the level shifter (Sb). The first driving voltage is a low level
voltage.

[0130] Subsequently, the second transistor of the level
shifter that has received the first driving voltage is turned on
(S5b). The second transistor is connected between the gate-
off voltage terminal and the output terminal, and the output
terminal is connected to a gate line of the liquid crystal dis-
play panel.

[0131] Accordingly, a second current path applying the
gate-off voltage to the liquid crystal display panel is formed
(S86b).

[0132] On the other hand, in the discharge circuit, the
enable signal generator may receive the power voltage to
generate an enable signal (S4a). The enable signal is a linearly
increased waveform along with the input of the power volt-
age.

[0133] At this time, the enable signal and reference voltage
are input to the comparator, and since the enable signal is less
than the reference voltage, the comparator outputs a first
control signal, namely, a logical value “1”, to turn on the third
transistor (S5a).

[0134] A discharge path connecting the ground terminal
and gate-off voltage may be formed by the turn-on of the third
transistor (S6a).

[0135] Subsequently, the residual charge of the liquid crys-
tal display panel is discharged through the discharge path and
second current path (S7a).
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[0136] At the same time, the gate-off voltage may be
applied to the liquid crystal display panel through the second
current path (S75).

[0137] On the other hand, after a predetermined period of
time has passed, the enable signal becomes greater than the
reference voltage, and the third transistor is turned off through
the comparator (S8). At this time, the comparator outputs a
second control signal, namely, a logical value “0”, to the third
transistor and accordingly, the third transistor is turned off to
open the discharge path.

[0138] As described above, subsequent to turning on the
liquid crystal display device, a discharge path connecting the
gate-off voltage terminal and the ground terminal is tempo-
rarily conducted to discharge the residual charge, and thus the
gate-off voltage being output from the gate-off voltage termi-
nal may be stably applied to the liquid crystal display panel.
[0139] On the other hand, according to the embodiments of
the present invention, it is described that the level shifter is
operated by receiving an output of the shift register, but the
present invention is characterized in a discharge circuit, and
thus an embodiment of the present invention may include a
case in which the level shifter is operated by receiving a
control signal from the timing controller or an external cir-
cuit.

[0140] Furthermore, the embodiments of the present inven-
tion have been restricted to a liquid crystal display device, but
may also be applied to a case such as an organic light emitting
display device, an electrophoretic display device, a plasma
display device, and the like.

[0141] Although the preferred embodiments of the present
invention have been described in detail, it should be under-
stood by those skilled in the art that various modifications and
other equivalent embodiments thereof can be made.

[0142] Consequently, the rights scope of the present inven-
tion is not limited to the embodiments and various modifica-
tions and improvements thereto made by those skilled in the
art using the basic concept of the present invention as defined
in the accompanying claims will fall in the rights scope of the
invention.

What is claimed is:

1. A liquid crystal display device, comprising:

a liquid crystal display panel comprising a plurality of
pixels defined by a plurality of gate lines and a plurality
of data lines intersecting with each other and switching
elements for driving the plurality of pixels;

a level shifter comprising a first transistor connected
between a gate-on voltage terminal and an output termi-
nal and a second transistor connected between a gate-off
voltage terminal and the output terminal to selectively
output either gate-on voltage or gate-off voltage to the
plurality of gate lines; and

a discharge circuit configured to form a first discharge path
connecting the gate-off voltage terminal and a ground
terminal,

wherein the second transistor is turned on during power-on
of the liquid crystal display panel to apply the gate-off
voltage, and the discharge circuit is turned on to dis-
charge residual charge of the liquid crystal display panel
through the first discharge path.

2. The liquid crystal display device of claim 1, wherein the
residual charge is a charge stored in the plurality of pixels and
the gate line during the power-off of the liquid crystal display
panel.
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3. The liquid crystal display device of claim 1, wherein the
discharge circuit compares an enable signal having potential
that linearly increases from a time when the liquid crystal
display panel is powered on with a reference voltage, and
conducts the first discharge path to discharge residual charge
when the potential of the enable signal is lower than the
potential of the reference voltage, and opens the first dis-
charge path when the potential of the enable signal is higher
than the potential of the reference voltage.

4. The liquid crystal display device of claim 3, wherein the
discharge circuit comprises:

an enable signal generator configured to generate the
enable signal;

a comparator configured to receive the enable signal and
the reference voltage to output an active logical value
when the potential of the enable signal is lower than the
potential of the reference voltage and output an inactive
logical value when the potential of the enable signal is
higher than the potential of the reference voltage; and

a third transistor configured to conduct the first discharge
path upon receiving the active logical value and open the
first discharge path upon receiving the inactive logical
value.

5. The liquid crystal display device of claim 4, wherein the
comparator is configured with a differential amplifier to
receive the enable signal at a non-inverting terminal thereof
and receive the reference voltage at an inverting terminal
thereof, and output a logical value to the third transistor.

6. The liquid crystal display device of claim 4, wherein the
third transistor has a gate electrode connected to an output
terminal of the comparator, and a source electrode connected
to the gate-off voltage terminal, and a drain electrode con-
nected to the ground terminal.

7. The liquid crystal display device of claim 4, wherein the
discharge circuit further comprises a first diode connected to
the third transistor in series.

8. The liquid crystal display device of claim 7, wherein the
turn-on voltage of the first diode is 0.3 V.

9. The liquid crystal display device of claim 1, further
comprising:

a capacitor connected between the gate-off terminal and

the ground terminal.

10. The liquid crystal display device of claim 9, further
comprising:

a second diode connected to the capacitor in parallel to

form a second discharge path.

11. The liquid crystal display device of claim 1, wherein
the discharge circuit is included within the level shifter.

12. A method of driving a liquid crystal display device
comprising a liquid crystal display panel comprising a plu-
rality of pixels defined by a plurality of gate lines and a
plurality of data lines intersecting with each other; a level
shifter comprising a first transistor connected between a gate-
on voltage terminal and the gate line and a second transistor
connected between a gate-off voltage terminal and the gate
line; and a discharge circuit configured to form a first dis-
charge path connecting the gate-off voltage terminal and the
ground terminal, the method comprising:

applying power to the liquid crystal display panel;

turning on the second transistor to conduct a current path
for applying a gate-off voltage to the gate line;

conducting the first discharge path connected to the current
path;
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discharging the residual charge of the liquid crystal display
panel through the first discharge path and the current
path;
opening the first discharge path; and
applying the gate-off voltage to the liquid crystal display
panel.
13. The method of claim 12, wherein said conducting the
first discharge path comprises:
comparing an enable signal having potential that linearly
increases from a time when power is applied to the liquid
crystal display panel with a reference voltage;
generating a first control signal when the potential of the
enable signal is lower than that of the reference voltage;
and
conducting the first discharge path based on the first control
signal.
14. The method of claim 12, wherein said opening the first
discharge path comprises:
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comparing an enable signal having potential that linearly
increases from a time when power is applied to the liquid
crystal display panel with a reference voltage;

generating a second control signal when the potential of the
enable signal is higher than that of the reference voltage;
and

opening the first discharge path based on the second control
signal.

15. The method of claim 12, further comprising:

forming a second discharge path connected to the current
path and connected to the first discharge path in parallel

while at the same time forming the first discharge path;
and

discharging the residual charge through the second dis-
charge path.
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LIQUID CRYSTAL DISPLAY DEVICE
HAVING DISCHARGE CIRCUIT AND
METHOD OF DRIVING THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Korean Patent
Application No. 10-2011-0133685, filed on Dec. 13, 2011,
which is hereby incorporated by reference for all purposes as
if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device and method of driving the same, and more par-
ticularly, to a liquid crystal display device and method of
driving the same for removing the effect of residual charge
when turning on the liquid crystal display panel.

[0004] 2. Description of the Related Art

[0005] Ingeneral, aliquidcrystal display deviceis a display
device for generating image information to pixels arranged in
a matrix form, and adjusting the optical transmittance of the
pixels to display desired images. Accordingly, the liquid crys-
tal display device may include a liquid crystal display panel in
which pixels (i.e., the minimum units for displaying an
image) are arranged in an active matrix form between the
pixel electrode and the common electrode, and a driving unit
for driving the liquid crystal display panel. Furthermore, the
liquid crystal display device may include a backlight unit for
supplying light to the liquid crystal display device because it
is unable to spontaneously emit light.

[0006] FIG. 1 is a schematic block diagram illustrating a
liquid crystal display device. As illustrated in FIG. 1, a liquid
crystal display device may include a liquid crystal display
panel 10 for displaying an image, a power supply unit 50, a
timing controller 40 for outputting a gate control signal and a
data control signal controlling the liquid crystal display panel
10 based on an external signal, a gate driving unit 20 for
outputting a gate driving voltage to the liquid crystal display
panel 10, a data driving unit 30 for outputting a data voltage
to the liquid crystal display panel 10, and a discharge circuit
60 for discharging the residual charge of the pixel.

[0007] For the liquid crystal display panel 10, a plurality of
pixels are disposed in a matrix form by gate lines (GLs)
formed in one direction on the substrate, and data lines (DLs)
intersecting with the gate lines (GLs). Furthermore, a thin-
film transistor (TFT), which is a switching element connected
to the liquid crystal capacitor (Clc) and storage capacitor
(Cst), is provided for each of the pixels.

[0008] The power supply unit 50 generates a plurality of
driving voltages and a common voltage (Vcom) for driving
the timing controller 40, gate driving unit 20, data driving unit
30, and liquid crystal display panel 10. Particularly, the power
voltage (VCC), gate-on voltage (VGH) and gate-off voltage
(VGL) are supplied to the gate driving unit 20, and the power
voltage (VCC), driving voltage (VDD) and gamma voltage
(GMA) to the data driving unit 30, and the power voltage
(VCC) and gate-on voltage (VGH) to the discharge circuit 60.
[0009] The timing controller 40 generates a gate control
signal and a data control signal based on an input external
signal to output them to the gate driving unit 20 and data
driving unit 30, respectively.
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[0010] The gate driving unit 20 applies the gate-on voltage
(VGH) and gate-off voltage (VGL) to the gate line (GL),
respectively, in correspondence to the gate control signal to
turn on thin-film transistors on the same horizontal line for a
period of time during which the gate-on voltage (VGH) is
applied.

[0011] The datadriving unit 30 applies a data voltage to the
data line (DL) in correspondence to the data control signal,
and the data voltage is applied to each pixel through the
turned-on thin-film transistor (TFT).

[0012] At this time, a charge corresponding to the data
voltage is charged to the liquid crystal capacitor (Clc). Fur-
thermore, the storage capacitor (Cst) is charged along with
the liquid crystal capacitor (Clc) to perform the role of reduc-
ing the voltage drop of the liquid crystal capacitor (Clc) due to
aleakage current during the turn-off of the thin-film transistor
(TFT).

[0013] The discharge circuit 60 senses the power-on/off
state of the system, and accordingly supplies a discharge
signal to the liquid crystal display panel 10, and to this end,
the discharge circuit 60 is connected to an output end of the
power supply unit 50 and the gate line (GL).

[0014] Here, the power-off state denotes a state that a plu-
rality of voltages being output from the power supply unit 50
are not supplied and the potential is changed to a level of the
ground voltage after a predetermined period of time has
passed. More specifically, the discharge circuit 60 is not oper-
ated when the system is in a power-on state, and supplies a
discharge signal generated by the gate-on voltage (VGH)
supplied from the power supply unit 50 to the liquid crystal
display panel 10 when in a power-off state. Furthermore, the
discharge signal is supplied to the liquid crystal display panel
10 through the gate line (GL) to turn of the thin-film transistor
(TFT).

[0015] Accordingly, charge stored in the liquid crystal
capacitor (Clc) and storage capacitor (Cst) is discharged
through the data line (DL) as a discharge path to more speed-
ily remove residual images displayed on the liquid crystal
display panel 10.

[0016] Mostofresidual charges are discharged through the
data line (DL) in a power-off state. But some undischarged
residual charges may be stored in a plurality of pixels, and the
residual charges may also remain in the gate line (GL) and
thin-film transistor (TFT) without being discharged due to the
characteristics of the gate line (GL) and thin-film transistor
(TFT) containing a capacitor component.

[0017] Therefore, when the liquid crystal display panel 10
is turned on, the residual charges may be discharged to the
gate driving unit 20 through the gate line (GL). At this time,
the residual charges flow to a level shifter of the gate driving
unit 20. Meanwhile, the level shifter outputs a gate-off volt-
age (VGL) to the liquid crystal display panel 10 when turning
on the liquid crystal display panel 10, and thus a current path
connected from the level shifter to the gate-off voltage termi-
nal is conducted. Accordingly, the residual charges are dis-
charged to the gate-off voltage terminal through the level
shifter. The residual charges are charged to a capacitor con-
nected to the gate-off voltage terminal, and thus a potential
difference between both capacitor ends is increased, thereby
turning on a diode connected to the capacitor in parallel. At
this time, the diode is connected to the ground terminal, and
thus the residual charge is discharged in the direction of the
diode to generate a leakage current.



patsnap

TREMOF) BEEMBEEENREETEERERI A ZE
[F(2E)F US20130147697A1 [ (r&)B 2013-06-13
RiES US13/712750 B H 2012-12-12

HRBEERRAGE) FEERERAT
BE (T RR)AGE) LG DISPLAY CO. , LTD. ,

LFERE(ERD)AGE) LG DISPLAY CO., LTD.

[#RI &8 A SUNG CHANGYONG

MOON SUNGJOON

KIM SEYEON

CHOI SEONGHUN
KBEA SUNG, CHANGYONG

MOON, SUNGJOON

KIM, SEYEON

CHOI, SEONGHUN
IPCH & GO02F1/1362 G09G3/36 G0O2F1/1368
CPCo %= GO02F1/136204 G02F1/1368 G09G3/36 G09G2330/04 G09G3/3674 G09G2310/0245 G09G3/3648
i 51X 1020110133685 2011-12-13 KR
H AN FF 32k US8982115
SNEBEEE Espacenet USPTO
HEGE)

LIQUID CRYSTAL DISPLAY DEVICE N

BREREBERSESMMIAMERZ B, KEEREETIEHMER | EOin ST % SPAY PAb
SZNEERXWBEEZRENGENA TR S MRENTF X BT o | TV CRISTAL DSFLAY DEVCE I

TURNED ON

B SEEEEMRSERERFNRHEFZANE— S5
LR E BB BERFRRHS T ANE-REE | LRy =
i R S B B E SRR B B E . S RMARE R R ERE% | R -
PEIEMMRE L B T RS TR, ERSD RERN SR
BB EEE = AL UEIMIRE L B E, BB Ea % UE A
BRABRNESE RRORRBH, -

POWER VOLTAGE IS APPLIED POYER VOLTAGE IS APPLIED | .,
T0_THE DISCHARGE CTRCUIT T0_THE LEVEL SHIFIER

[POWER VOLTAGE IS APPLIED
[T0_THE SHIFT REGISTER
FIRST DRIVING YOLTAGE I3
OUTPUT T¢ THE LEVEL
SHIFTER

THIRD TRANSESICR IS TURNED|
ON WHEN ZNABLE SIGNAL IS
LESS THAN VOP

GATE-OFF VOLTAGE 1S
APPLIED T0 THE LIQUID
CRYSTAL PANEL



https://share-analytics.zhihuiya.com/view/e7155c50-bfe7-484c-a41c-26661168fd7d
https://worldwide.espacenet.com/patent/search/family/048571502/publication/US2013147697A1?q=US2013147697A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220130147697%22.PGNR.&OS=DN/20130147697&RS=DN/20130147697

