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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD FOR DRIVING THE SAME

BACKGROUND OF THE INVENTION
Priority Claim

[0001] This application claims the benefit of priority from
Korean Patent Application No. 5149/2006, filed Jun. 8,
2006, which is incorporated by reference.

Technical Field

[0002] The present invention relates to a liquid crystal
display device (LCD), and more particularly, to an LCD
capable of reducing a discharging phenomenon.

Related Art

[0003] A cathode ray tube (CRT) can be heavy and large-
sized. Therefore, a flat panel display device to overcome
drawbacks of the CRT is under active development. The flat
panel display device includes liquid crystal display devices
(LCDs), field emission displays (FEDs), plasma display
panels (PDPs), electro-luminescence (EL) display devices,
etc.

[0004] FIG. 1 is a schematic view of a related art LCD. In
FIG. 1, a power supply unit 11 generates and/or supplies
various voltages. The power supply unit 11 may generate
and/or supply a power voltage V.., a reference voltage
Vpps and a gate voltage V.. The power voltage V. drives
a timing controller 1, a gate driver 3, and a data driver 5. The
reference voltage V,, is used by the common voltage
generating unit 13 to generate a common voltage V__ .. The
gate voltage V_ is supplied to a liquid crystal panel 7 via the
gate driver 3.

[0005] The timing controller 1 receives the power voltage
signal V. and generates a control signal for controlling the
gate driver 3 and the data driver 5. In response to a control
signal, the gate driver 3 supplies the gate voltage V, to the
liquid crystal panel 7. Additionally, in response to the
control signal, the data driver 5 supplies a predetermined
data voltage to the liquid crystal panel 7. In response to the
reference voltage V5, supplied from the power supply unit
11, the common voltage generating unit 13 generates the
common voltage V_,,,. The common voltage V__,, is sup-
plied to the liquid crystal panel 7. Based on an electric
potential difference between the data voltage and the com-
mon voltage, the liquid crystal panel 7 displays an image.
[0006] The operation of the LCD may be controlled by a
power switch 9. The power switch 9 may couple an external
power source to the power supply unit 11. When the power
switch 9 is turned on, external power V- is supplied to the
power supply unit 11 and an image can be displayed on the
liquid crystal panel 7. On the contrary, when the power
switch 9is turned off, the external power V . is not supplied
to the power supply unit 11. When the external power V.~
is not supplied to the power supply unit 11, the power supply
unit 11 cannot generate and/or supply the various voltages to
the timing controller 1, the data driver 5, the gate driver 3,
and the common voltage generating unit 13. Upon removal
of the external power V., the liquid crystal panel 7 will
discharge over a period of about several seconds, and the
liquid crystal panel 7 will eventually stop displaying an
image.
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[0007] 1In FIG. 2, when the power switch 9 is turned off,
the common voltage V., supplied to the liquid crystal panel
7 is gradually discharged to a ground voltage due to a
resistance and a capacitance of the liquid crystal panel 7.
This discharge occurs over a period of about several sec-
onds. Therefore, although the power switch 9 is turned off,
a residual voltage remains on the liquid crystal panel 7, and
thus a discharging phenomenon can occur. The discharging
phenomenon can create an abnormal image that is displayed
on the liquid crystal panel 7 which reduces image quality
and degrades the product quality of the liquid crystal device.
[0008] Therefore, there is a need for an LCD that is
capable of reducing a discharge phenomenon and improving
image quality.

SUMMARY OF THE INVENTION

[0009] A LCD device includes a liquid crystal panel and a
control circuit. The liquid crystal panel is configured to
display an image in response to various received signals, one
of which may include a common voltage signal. The control
circuit receives a control signal. In response to the control
signal, the control circuit couples the liquid crystal panel to
the common voltage signal or to a ground voltage.

[0010] Other devices, systems, methods, features, and
advantages will be, or will become apparent to one with skill
in the art upon examination of the following figures and
detailed description. It is intended that all such additional
devices, systems, methods, features, and advantages be
included in this description, be within the scope of the
invention, and be protected by the following claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The device, system, and methods may be better
understood with reference to the following drawings and
description. The components in the figures are not neces-
sarily to scale, emphasis instead being placed upon illus-
trating the principles of the invention. Moreover, in the
figures, like referenced numerals designate corresponding
parts throughout the different views.

[0012] FIG. 1 is a schematic view of a related art liquid
crystal display (LCD) device.

[0013] FIG. 2is a waveform diagram illustrating a change
in a common voltage supplied to a liquid crystal panel in the
LCD of FIG. 1.

[0014] FIG. 3 is a schematic view of an LCD coupled to
a control circuit.

[0015] FIG. 4is a waveform diagram illustrating a change
in a common voltage supplied to a liquid crystal panel in the
LCD of FIG. 3.

[0016] FIG. 5 is a schematic of a control circuit in a first
configuration.
[0017] FIG. 6 is a schematic of a switch used with a

control circuit’s first configuration.

[0018] FIG. 7 is a schematic of a control circuit in a second
configuration.
[0019] FIG. 8 is a schematic of a switch used with a

control circuit’s second configuration.

[0020] FIG. 9 is a process of driving an LCD.
DETAILED DESCRIPTION OF THE
INVENTION
[0021] FIG. 3 is a schematic view of an LCD coupled to

a control circuit. In FIG. 3, external power is supplied or not
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supplied to a power supply unit 31 according to the switch-
ing of a power switch 29. When the power switch 29 is
turned on, the external power V. is supplied to the power
supply unit 31. On the contrary, when the power switch 29
is turned off, the external power is not supplied to the power
supply unit 31.

[0022] The external power V. may be used as a control
signal for a control circuit 50. The control circuit 50 may
selectively couple a common voltage V_,,, or a ground
voltage to a liquid crystal display panel 27.

[0023] The power supply unit 31 supplies and/or generates
various voltages which can be used to drive other devices.
In FIG. 3, the power supply unit 31 supplies and/or generates
a power voltage V. for driving a timing controller 21, a
gate driver 23, a data driver 25, and a common voltage
generating unit 33. A reference voltage V5, is supplied to
the common voltage generating unit 33 which generates a
common voltage V.. A gate voltage V, is supplied to the
gate driver 23 which may in turn be supplied to the liquid
crystal panel 27.

[0024] The timing controller 21 generates a control signal
for controlling the gate driver 23 and the data driver 25. The
gate driver 23 supplies the gate voltage V,, to the liquid
crystal panel 27 in response to the control signal. The data
driver 25 supplies a predetermined data voltage to the liquid
crystal panel 27 in response to the control signal.

[0025] The liquid crystal panel 27 can be formed by
attaching first and second substrates with a liquid crystal
layer interposed therebetween. In the first substrate, a plu-
rality of gate lines and a plurality of data lines are arranged
to intersect each other, a thin film transistor (TFT) is
connected to each of the gate lines and the data lines, and a
pixel electrode is connected to the TFT. The gate lines and
the data lines define pixel regions. The TFT and the pixel
electrode are formed in each of the pixel regions. Red, green,
and blue color filters are formed in the second substrate to
correspond to the pixel region. A common electrode may be
formed in one of the first and second substrates.

[0026] The common voltage generating unit 33 generates
the common voltage V.. The common voltage V_,, may
be generated from the reference voltage V,, supplied from
the power supply unit 31. The common voltage generating
unit 33 may supply the common voltage V__ _to the liquid
crystal panel 27. The control circuit 50 selectively supplies
the V_,,, voltage to the liquid crystal panel.

[0027] The control circuit 50 may include multiple input
and output terminals. In FIG. 3, the control circuit 50
includes two input voltage terminals, and an output terminal.
One input voltage terminal is connected to an output of the
common voltage generating unit 33 while the other input
voltage terminal is connected to a ground terminal. The
output of the control circuit 50 is coupled to the common
electrode of the liquid crystal panel 27. Based on a received
control signal, the control circuit 50 selectively couples one
of the input terminals to the circuit’s output terminal.
[0028] In FIG. 3, the control circuit is switched in
response to a control signal. A signal representing the
external power V.. directly applied from the external power
source may be used as the control signal. Additionally, the
control circuit 50 may generate a delayed external power
V_.signal and use this delayed signal to control which input
voltage terminal is coupled to the circuit’s output terminal.
The delayed external power signal may be a signal repre-
senting the direct external power V. delayed by a period of
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time. The delayed signal may be realized through the use of
a buffer, an RC delay circuit, or through various other delay
devices.

[0029] FIG. 4is a waveform diagram illustrating a change
in a common voltage supplied to a liquid crystal panel in the
LCD device of FIG. 3. In FIG. 4, when the external power
V- switches from a high level to a low level, the delayed
external power signal remains at a high level for a delayed
period of time before transitioning to a low level.

[0030] The control circuit 50 may select an input voltage
terminal according to the presence of a control signal or an
“on/off” state of a power switch 29. When the control signal,
such as the external power V - signal, is at a high level, the
control circuit 50 couples the V_,  signal to the liquid
display panel 27, and an image may be displayed on the
liquid crystal display panel 27 according to an electrical
potential difference between the data voltage and the com-
mon voltage V_, ... When the control signal is at a low level,
or the power switch 29 is opened, the whole system is turned
off, and thus the control circuit 50 does not receive a control
signal.

[0031] Depending on the configuration of the control
circuit 50, the control circuit 50 may use one or more signals
to control an operation of a liquid crystal display panel 27.
In a first configuration, the control circuit 50 receives a
control signal and also generates a delayed version of the
control signal. The control signal may be the external power
V ¢ signal. In the first configuration, when the control signal
is the external power V. signal, and the external power
signal transitions from a high level to a low level, the control
circuit 50 generated delayed power signal remains at a high
level for a time period equal to the delay period. During this
time period, the control circuit 50 may use the power
supplied from the delayed power signal to couple the liquid
crystal display panel 27 to ground. Coupling the liquid
crystal display panel 27 to ground causes the liquid crystal
display panel 27 to discharge at a faster rate. The discharge
rate may be about 0.5 seconds. Discharging the liquid crystal
display panel 27 to ground can reduce a residual voltage
discharging phenomenon and improve the quality of an
image displayed on the liquid crystal display panel 27.
[0032] FIG. 5 is a schematic of the control circuit 50 in a
first configuration. In a first configuration, the control circuit
50 may include a delay unit 40 and a common voltage switch
35. The delay unit 40 may receive a control signal. In FIG.
5, the control signal is the external power V. signal. The
delay unit 40 may delay the received control signal through
a buffer, a resistive-capacitive (RC) delay circuit, or through
various other display devices. The delayed and undelayed
signals, as well as the V_ . signal, are supplied to the
common voltage switch 35. Based on the values of the
delayed and undelayed signals, the common voltage switch
35 may couple an output terminal connected to the liquid
crystal display panel 27 to either the V_,,, signal or ground.
[0033] FIG. 6 is a schematic of a common voltage control
switch which may be used with the control circuit 50 in a
first configuration. In FIG. 6, a common voltage control
switch 35 may be a multiplexer (MUX) 36. In response to
a delayed and undelayed control signal, the multiplexer 36
couples an output terminal to one of a common voltage V.
generated in a common voltage generating unit 33 or a
ground voltage GND.

[0034] FIG. 7 is a schematic of the control circuit 50 in a
second configuration. In a second configuration, the control
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circuit 50 may include a pass through logic circuit 41 and a
common voltage switch 38. A control signal is supplied to
the control circuit 50 in a second configuration. The control
signal may be the external power V.. signal. The control
signal is received by the pass through logic circuit 41 which
may supply the control signal to the common voltage switch
38 with little or no change in the signal. The common
voltage switch 38 may also be coupled to a ground line, and
be coupled to a line that may supply a voltage signal, such
astheV_, . signal. When the control signal is received by the
common voltage switch 38, the switch is configured to
supply the V__,, signal to the liquid crystal display panel 27.
When the control signal is absent, the common voltage
switch 38 is configured to couple the liquid crystal display
panel 27 to ground. Coupling the liquid crystal display panel
27 to ground causes the liquid crystal display panel 27 to
discharge at a faster rate. The discharge rate may be about
0.5 seconds. Discharging the liquid crystal display panel 27
to ground can reduce a residual voltage discharging phe-
nomenon and improve the quality of an image displayed on
the liquid crystal display panel 27. Alternatively, some
control circuits 50 in a second configuration may not use a
pass through logic circuit 41.

[0035] FIG. 8 is a schematic of a common voltage switch
38 used in a control circuit 50 in a second configuration. In
FIG. 8, a common voltage control switch 38 may be a
complementary metal oxide semiconductor (CMOS) tran-
sistor. The CMOS transistor includes first and second tran-
sistors 37 and 39 connected to each other in series between
a common voltage generating unit 33 and a ground terminal.
Each of the first and second transistors 37 and 39 may be a
PMOS transistor or an NMOS transistor configured such
that the first and second transistors 37 and 39 are alternately
switched. For instance, the first transistor 37 may be a
NMOS transistor that is turned on when a second transistor
39, such as a PMOS transistor, is turned off. Both of the first
and second transistors 37 and 39 may receive a common
control signal. The control signal may be a common voltage
Vo signal.

[0036] The first transistor 37 includes a source terminal
connected to an output terminal of the common voltage
generating unit 33, a gate terminal connected to a control
signal V., and a drain terminal connected to a common
electrode of a liquid crystal panel 27. The second transistor
39 includes a source terminal connected to the common
electrode of the liquid crystal panel 27, a gate terminal
connected to the control signal, such as the external power
Ve signal, and a drain terminal connected to a ground
terminal.

[0037] When the control signal, the external power V.
signal, is at a high level, the first transistor 37 is turned on
and the second transistor 39 is turned off. In this configu-
ration, a common voltage V_, . generated in the common
voltage generating unit 33 is supplied to the common
electrode of the liquid crystal panel 27 through the first
transistor 37.

[0038] When the control signal, such as the external power
Vo signal, is at a low level, the first transistor 37 is turned
off and the second transistor 39 is turned on. In this con-
figuration, a ground voltage GND is supplied to the common
electrode of the liquid crystal panel 27 through the ground
terminal and the second transistor 39. In FIG. 6, the control
signal V. may be the external power of FIG. 3.
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[0039] FIG. 9 is a process of driving an LCD. At act 900
a control signal is received. The control signal may be
received by a control circuit. The control signal may be a
voltage signal. The control signal may represent the voltage
level of an external power source. In some configurations,
the control circuit may use the control signal to generate
additional signal, such as a delayed control. At act 902, the
control circuit couples the liquid crystal display panel to a
common voltage.

[0040] At act 904, the control circuit couples the liquid
crystal display panel to ground in response to a state change
of the control signal. The control circuit may analog and/or
digital circuitry to determine a state change of the control
signal.

[0041] While various embodiments of the invention have
been described, it will be apparent to those of ordinary skill
in the art that many more embodiments and implementations
are possible within the scope of the invention. Accordingly,
the invention is not to be restricted except in light of the
attached claims and their equivalents.

I claim:

1. A liquid crystal display (LCD) device, comprising:

a liquid crystal panel configured to display an image in
response to an external power signal;

a control circuit configured to discharge a residual com-
mon voltage of the liquid crystal panel upon termina-
tion of the external power signal, the control circuit
coupled to the liquid crystal panel.

2. The LCD of claim 1, wherein the control circuit
comprises a switch configured to selectively couple the
liquid crystal panel to a common voltage signal or to a
ground voltage.

3. The LCD of claim 2, wherein the switch is controlled
by a control signal.

4. The LCD of claim 3, wherein the control circuit further
comprises a delay unit in communication with the switch,
the delay unit configured to delay an input signal a prede-
termined amount of time.

5. The LCD of claim 3, wherein the control signal
comprises the external power signal or a delayed external
power signal.

6. The LCD of claim 4, wherein the switch couples the
liquid crystal panel to the common voltage signal in
response to a high level control signal.

7. The LCD of claim 4, wherein the switch couples the
liquid crystal panel to the ground voltage in response to a
low level control signal.

8. The LCD of claim 4, wherein the switch comprises a
multiplexer, the multiplex coupled to the liquid crystal
display panel.

9. The LCD of claim 8, wherein the multiplexer is
selectively coupled to the ground voltage.

10. The LCD of claim 3, wherein the switch comprises a
CMOS ftransistor.

11. The LCD of claim 10, wherein the CMOS transistor
is selectively coupled to the ground voltage.

12. A method to drive an LCD, comprising:

driving a liquid crystal display panel with a common
voltage in response to an external power signal;

coupling a liquid crystal display panel to a ground volt-
age; and

discharging a residual common voltage of the liquid
crystal display panel in a time period shorter than a
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natural decay of the residual common voltage of the
liquid crystal display panel.

13. The method of claim 12, wherein the act of coupling
a liquid crystal display panel to a common voltage com-
prises receiving a high level control signal.

14. The method of claim 13, wherein the act of coupling
a liquid crystal display panel to a ground voltage comprises
receiving a low level control signal.

15. The method of claim 14, wherein the low voltage
comprises a ground voltage.

16. The method of claim 12, wherein the act of coupling
the liquid crystal panel to the ground voltage comprises
receiving a power signal that is at a low level and receiving
a delayed power signal is at a high level.
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17. The method of claim 12, further comprising generat-
ing the common voltage from a reference voltage.

18. The method of claim 12, further comprising supplying
a data signal to the liquid crystal panel when the liquid
crystal panel is coupled to the common voltage.

19. The method of claim 18, further comprising display-
ing an image on the liquid crystal panel based on an
electrical potential difference between the data signal and
the common voltage.

20. The method of claim 12, wherein the act of discharg-
ing a residual common voltage comprises discharging the
residual common voltage in a time period of about 0.5
seconds.
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