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LIQUID CRYSTAL DISPLAY AND DRIVING
METHOD THEREOF

[0001] This application claims the benefit of Korean Patent
Application No. 10-2014-0188915, filed on Dec. 24, 2014,
which is incorporated herein by reference for all purposes as
if fully set forth herein.

BACKGROUND

[0002] 1.Field

[0003] The present disclosure relates to a liquid crystal
display and a driving method thereof.

[0004] 2. Description of the Related Art

[0005] As information technology has advanced, the mar-
ket of display devices as mediums for connecting users with
information has grown. In line with this, the use of flat panel
displays (FPDs) such as liquid crystal displays (LCDs),
organic light emitting display devices, and plasma display
panels (PDPs) has increased. Among them, LCDs, capable of
implementing high resolution and both reductions and
increases in size, have been widely used.

[0006] AnLCDtypically includes aliquid crystal panel and
a backlight unit. The liquid crystal panel typically includes a
transistor substrate in which thin film transistors (TFTs),
storage capacitors, and pixel electrodes are formed, a color
filter substrate in which color filters and a black matrix are
formed, and a liquid crystal layer positioned between the
transistor substrate and the color filter substrate.

[0007] The liquid crystal panel, displaying an image, is
typically operated by a gate driver supplying a gate signal, a
data driver supplying a data signal, and a power supply umt
supplying a common voltage, or the like. In the liquid crystal
layer, liquid crystal moves to correspond to an electric field
generated between a pixel voltage and a common voltage.
[0008] Inthe LCD, aload may be determined according to
patterns displayed on the liquid crystal panel, and power
consumption varies depending on the load. For example,
when the LCD displays a maximum (“max”) pattern in which
an image fully transitions during one frame, the data driver
may consume power twice to thrice as much as that of a case
in which a normal pattern is displayed.

[0009] In addition to increasing the power consumption,
such a max pattern displayed on the liquid crystal panel may
cause heat generation and degradation of other characteristics
ofthe device. Thus, a scheme for solving the problems arising
when a max pattern is generated is proposed.

[0010] The proposed scheme may advantageously reduce
power consumption by changing a driving algorithm, but has
the tendency of causing a voltage drop in an input terminal of
the power supply unit when power is turned on in a state in
which the max pattern is applied. In addition, when the volt-
age drop increases, an under-voltage lock-out (UVLO) of the
power supply unit may occur, making the device inoperative.
Due to such various problems, the proposed scheme may be
improved.

SUMMARY

[0011] In an aspect of the present disclosure, there is pro-
vided a liquid crystal display device including a liquid crystal
panel configured to display an image, a driver configured to
drive theliquid crystal panel, a timing controller configured to
control the driver, and a power supply. The power supply is
configured to be supplied by an input voltage, supply a com-
mon voltage to the liquid crystal panel, and temporarily vary
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a compensation ratio of the common voltage when a pattern
causing a drop of the input voltage is displayed by the display
device.

[0012] In another aspect, there is provided a method for
driving aliquid crystal display device, the method comprising
turning on power so that an external input voltage is supplied
to apower supply, varying a compensation ratio of a common
voltage output from the power supply during a first period of
time, and returning the compensation ratio of the common
voltage output from the power supply to an original compen-
sation ratio thereof during a second period of time that is after
the first period of time.

[0013] Itisto be understood that both the foregoing general
description and the following detailed description of the
present disclosure are exemplary and explanatory and are
intended to provide further explanation of the disclosure as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The accompany drawings, which are included to
provide a further understanding of the disclosure, and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the disclosure and together with the
description serve to explain the principles of the disclosure.
[0015] FIG. 1is a block diagram schematically illustrating
an example of a liquid crystal display (LCD) device.

[0016] FIG.2isacircuit diagram schematically illustrating
an example sub-pixel as shown in FIG. 1.

[0017] FIG. 3 is a waveform view illustrating output states
of a power supply unit of a proposed scheme according to the
related art.

[0018] FIG. 4 is a waveform view illustrating output states
of the power supply unit of a related art LCD device when the
power supply unit of the related art LCD device performs a
normal operation and an abnormal operation.

[0019] FIG. 5 is a waveform view illustrating a possible
problem of the related art.

[0020] FIG. 6 is a waveform view illustrating a first
example embodiment of the present disclosure.

[0021] FIG. 7 is a flow chart illustrating a method for driv-
ing an LCD device according to an example of the first
embodiment of the present disclosure.

[0022] FIGS. 8A and 8B are block diagrams illustrating a
comparison between common voltage generating units
according to the first example embodiment of the present
disclosure and the related art.

[0023] FIG. 9isablock diagram illustrating an example of
the common voltage generating unit according to the first
example embodiment of the present disclosure.

[0024] FIG. 10 is ablock diagram illustrating an example of
a portion of the common voltage generating unit according to
a second example embodiment of the present disclosure.
[0025] FIG. 11 is ablock diagram illustrating an example of
a portion of the common voltage generating unit according to
a third example embodiment of the present disclosure.

DETAILED DESCRIPTION OF DISCLOSED
EMBODIMENTS

[0026] Reference will now be made in detail embodiments
of the disclosure examples of which are illustrated in the
accompanying drawings.
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First Example Embodiment

[0027] FIG.11is a block diagram schematically illustrating
an example of aliquid crystal display (LCD) device, and FIG.
2is a circuit diagram schematically illustrating an example of
a sub-pixel (SP) as illustrated in FIG. 1.

[0028] Asillustrated in FIG. 1, the LCD device includes an
image supply unit 120, a timing controller 130, a gate driver
140, a data driver 150, a liquid crystal panel 160, a backlight
unit 170, and a power supply unit 180.

[0029] The image supply unit 120 processes a data signal
and outputs the data signal together with a vertical synchro-
nization signal, a horizontal synchronization signal, a data
enable signal, and a clock signal. The image supply unit 120
supplies the vertical synchronization signal, the horizontal
synchronization signal, the data enable signal, the clock sig-
nal, and the data signal to the timing controller 130.

[0030] The timing controller 130 generates a gate timing
control signal GDC for controlling an operation timing of the
gate driver 140 and a data timing control signal DDC for
controlling an operation timing of the data driver 150 on the
basis of various signals supplied from the image supply unit
120, and outputs the generated gate timing control signal
GDC and the data timing control signal DDC. The timing
controller 130 supplies a data signal (or a data voltage), sup-
plied from the image processing unit 110 to the data driver
150, together with the data timing control signal DDC.
[0031] In response to the gate timing control signal GDC,
the gate driver 150 outputs a gate signal while shifting a level
of a gate voltage. The gate driver 140 supplies a gate signal to
subpixels SP included in the liquid crystal panel 160 through
gatelines GL (see FIG. 2). The gate driver 140 may be formed
as anintegrated circuit (IC) or in a gate-in-panel manner in the
liquid crystal panel 160.

[0032] In response to the data timing control signal DDC
supplied from the timing controller 130, the data driver 150
samples, latches, and converts a data signal DATA into a
gamma reference voltage, and outputs the same. The data
driver 150 supplies the data signal DATA to the subpixels SP
included in the liquid crystal panel 160 through data lines DL
(see FIG. 2). The data driver 150 is formed as an IC.

[0033] The liquid crystal panel 160 displays an image in
response to a gate signal output from drivers, including the
gate driver 140 and the data driver 150, and a common voltage
that may be output from the power supply unit 180. The liquid
crystal panel 160 includes subpixels SP controlling light pro-
vided from the backlight unit 170.

[0034] With reference to FIG. 2, a single subpixel includes
a switching transistor SW, a storage capacitor Cst, and a
liquid crystal layer Clc. A gate electrode of the switching
transistor SW is connected to a gate line GL.1, and a source
electrode thereofis connected to a data line DL1. The storage
capacitor Cst is connected to a drain electrode of the switch-
ing transistor SW at one end thereof and is connected to a
common voltage line Vcom at the other end thereof. The
liquid crystal layer Clc is formed between a pixel electrode 1
connected to the drain electrode of the switching transistor
SW and a common electrode 2 connected to the common
voltage line Vcom.

[0035] Theliquid crystal panel 160 may be implemented in
a twisted nematic (TN) mode, a vertical alignment (VA)
mode, an in-plane switching (IPS) mode, a fringe field
switching (FFS) mode, or an electrically controlled birefrin-
gence (ECB) mode, according to the structures of the pixel
electrode 1 and the common electrode 2.
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[0036] The backlight unit 170 provides light to the liquid
crystal panel 160 using a light source that outputs light. The
backlight unit 170 may include a light emitting diode (LED),
an LED driver driving the LED, an LED board on which the
LED is mounted, a light guide plate converting light output
from the LED into a surface light source, a reflective plate
reflecting light from below the light guide plate, and optical
sheets collecting and diffusing light output from the light
guide plate.

[0037] The power supply unit 180 generates various types
of power on the basis of an input voltage Vin supplied from
the outside, and outputs the same. The power supply unit 180
generates a first source voltage VDD, a second source voltage
VCC, a gate high voltage VGH, a common voltage VCOM,
and a low potential voltage GND. The first source voltage
VDD may be supplied to the data driver 150, the second
source voltage VCC may be supplied to the timing controller
130, the gate high voltage VGH may be supplied to the gate
driver 140, and the common voltage VCOM may be supplied
to the liquid crystal panel 160. In the present disclosure, for
example, the power supply unit 180 may generate all of the
voltages described above. However, this is merely illustrative,
and the power supply unit 180 may be configured differently
according to a configuration of the display device or voltage
levels.

[0038] The LCD device described above may display an
image through the liquid crystal panel 160 by interworking
without the gate driver 160 supplying a gate signal, the data
driver 150 supplying a data signal DATA, and the power
supply unit 180 supplying the common voltage VCOM, or the
like.

[0039] In the LCD device, a load may be determined
according to patterns displayed on the liquid crystal panel
160, and power consumption of the device is varied by the
load. For example, when the LCD device displays a max
pattern in which an image full-transitions during one frame,
the data driver 150 may consume power twice to thrice greater
as compared to a case in which a normal pattern is displayed.

[0040] Inadditionto increasing power consumption, such a
max pattern displayed on the liquid crystal panel 160 may
cause heat generation and degradation of other characteristics
ofthe device. Thus, a scheme for solving the problems arising
when the max pattern is generated is proposed.

[0041] FIG. 3 is a waveform view illustrating output states
of apower supply unit to briefly explain a proposed scheme of
related art, and FIG. 4 is a waveform view illustrating output
states of the power supply unit of a related art LCD device
when its power supply unit performs a normal operation and
an abnormal operation.

[0042] As illustrated in FIGS. 3 and 4, in the related art, in
order to solvea problem of a voltage drop due to a max pattern
(real max pattern section) when the LCD device is initially
driven, a scheme of changing a driving algorithm of a timing
controller Tcon is proposed. For example, the max pattern
appears after an initial black pattern is displayed for a prede-
termined period of time. However, an increase in power con-
sumption or heat generation and degradation of other charac-
teristics of the device are resolved, to a degree, by the driving
algorithm of the timing controller Tcon.

[0043] InFIGS.3 and 4, Vindenotes an input voltage input
to the power supply unit, VDD denotes a first source voltage,
VGH denotes a gate high voltage, and lin denotes an input
current input to the power supply unit.
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[0044] 1In this manner, the proposed scheme of the related
art is advantageous in that it reduces power consumption.
However, as illustrated in plot (b) of FIG. 4, when power is
turned on in a state in which the max pattern is applied, a
voltage drop (e.g., when an amount of drop during a normal
operation is V1 (plot (a)), an amount of drop during an abnor-
mal operation is as severe as V2 (plot (b)) tends to occur in an
input terminal of the power supply unit. Also, when the volt-
age drop increases, under-voltage lock out (UVLO) of the
power supply unit may operate to put the device into a state in
which the device cannot normally operate. Thus, the pro-
posed scheme of the related art could use improvement.

[0045] FIG. 5 is a waveform view of voltages which illus-
trate a problem of the related art, FIG. 6 is a waveform view
of voltages which illustrates a first example embodiment of
the present disclosure to improve the problem of the related
art, and FIG. 7 is a flow chart illustrating a method for driving
an LCD device according to the first example embodiment of
the present disclosure.

[0046] Theproposedscheme of the related art may improve
the problems of the increase in power consumption, the heat
generation, and the degradation of other characteristics of the
device due to the max pattern, to a degree. However, when
power is turned on in a state in which the max pattern is
applied, a voltage drop may occur in the input terminal of the
power supply unit, and when the voltage drop increases, the
under-voltage lock-out (UVLO) of the power supply unit may
operate, thereby making it impossible for the device to nor-
mally operate. Analysis results reveal that causes of the volt-
age drop were related to a compensation problem of a com-
mon voltage used in the LCD device.

[0047] As illustrated in FIG. 5, in the proposed scheme of
the related art, when the input voltage Vin is supplied to the
power supply unit, the power supply unit compensates for the
common voltage Vcom with a predetermined compensation
ratio, and outputs the same. That is, in such a proposed
scheme, an increase in current according to the compensation
operation of a common voltage amplifying unit (e.g., an
operational amplifier for Vcom) included in the power supply
unit may be the main cause of the increase in power consump-
tion for the max pattern. A degree of the increase in current is
may be varied according to compensation ratios of the com-
mon voltage amplifying unit. For this reason, when power is
turned on in a state in which the max pattern is applied, the
voltage drop may occur in connection with the common volt-
age compensation operation of the power supply unit.

[0048] As illustrated in FIG. 6, in order to improve the
problem arising in the proposed scheme of the related art, in
a first example embodiment of the present disclosure, when
the input voltage Vin is supplied to the power supply unit, a
common voltage compensation ratio to be applied is lowered
for a predetermined period of time. After the predetermined
period of time has lapsed, a previously set value of the com-
mon voltage compensation ratio is normally applied such that
the common voltage Vcom may be output at a predetermined
compensation ratio from the power supply unit.

[0049] For example, in the proposed scheme of the related
art, in order to improve crosstalk, a common voltage compen-
sation ratio of twenty times or greater, compared with that of
normal driving, may be applied. However, in the first example
embodiment of the present disclosure, the common voltage
compensation ratio applied may be less than half of twenty
times that of normal driving. For example, in the first example
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embodiment of the present disclosure, the common voltage
compensation ratio of M times (where M is 1 to 10times) may
be applied.

[0050] Meanwhile, in the first example embodiment of the
present disclosure, when the device was initially driven, the
common voltage compensation ratio was, at one time, in a
state in which a special pattern such as the max pattern was
displayed, but an abnormal screen problem of the display
panel did not occur. Thus, in the first example embodiment of
the present disclosure, when the device is initially driven, the
common voltage amplifying unit of the power supply unit
may compensate for the common voltage with a first com-
pensation ratio, and thereafter, the common voltage may be
compensated with a second compensation ratio. Here, the
first compensation ratio is lower than the second compensa-
tion ratio by M times (M is 1 to 10 times).

[0051] In this manner, in the first example embodiment of
the present disclosure, when power of the LCD device is
turned on, the common voltage compensation ratio per-
formed by the common voltage amplifying unit of the power
supply unit may be temporarily lowered to improve a voltage
margin and resolve the voltage drop, thus preventing a prob-
lem in which the UVLO of the power supply unit operates.
[0052] To this end, as illustrated in FIG. 3, the common
voltage compensation ratio may be applied by M times (for
example, one time) in a first section (or an initial section) in
which initial black data and a real max pattern are generated.
Thereafter, in the second section (after the section in which
the initial black data and the real max pattern are generated is
terminated), the common voltage compensation may be
applied as a normal compensation ratio (e.g., a preset com-
pensation ratio or the original compensation ratio).

[0053] Thetiming controller may generate a signal capable
of controlling the common voltage compensation ratio and
outputting the same to the power supply unit, or may vary the
signal supplied to the power supply unit. For example, in a
case in which the timing controller and the power supply unit
are connected as a communication interface system of 12C
protocol, and the common voltage compensation ratio of the
power supply unit is setto one time, the timing controller may
output a control signal through 12C after the lapse of a pre-
determined delay time.

[0054] As illustrated in FIG. 7, the LCD device according
to the first example embodiment of the present disclosure may
operate as follows.

[0055] Power is turned on so that an input voltage, gener-
ated by an external source, is supplied to the power supply
unit (S110). When power is turned on (Y), it means (for
example) that a user turned on power of the LCD device, and
when power is not turned on (N), it means (for example) that
the user did not turn on power of the LCD device.

[0056] When the input voltage generated by an external
source is supplied to the power supply unit, the power supply
unit lowers a compensation ratio of a common voltage and
applies the lowered compensation ratio (S120).

[0057] The power supply unit lowers the common voltage
compensation ratio during an ‘N” amount of time (a first
section or a first time) (S130). For example, under the control
of the timing controller, the power supply unit lowers the
common voltage compensation ratio during N time (N time
corresponds to the sum of sections in which initial black data
and the max pattern are generated). Here, when the N time has
not lapsed (N), the common voltage compensation ratio is
lowered to be applied until the N time lapses.
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[0058] When the N time has lapsed (Y) (a second section or
a second time positioned after the first section), the power
supply unit normally applies the compensation ratio of the
common voltage. When the compensation ratio is normally
applied, it may mean that a preset compensation ratio or the
original compensation ratio is restored.

[0059] Through the foregoing operation, the problem that
may arise during an initial operation in relation to the com-
pensation ratio for the common voltage output from the
power supply unit may be solved. Thus, the LCD device may
perform a normal operation, such as displaying an image on
the display panel in response to a data signal, a gate signal, or
a common voltage (S150).

[0060] Hereinafter, a common voltage generation unit of
the related art as described above, and that of a first example
embodiment of the present disclosure will both be described.
[0061] FIGS.8A and 8B are a block diagrams illustrating a
comparison between common voltage generating units of the
related art and the first example embodiment of the present
disclosure, and FIG. 9 is a block diagram specifically illus-
trating the common voltage generating unit according to the
first example embodiment of the present disclosure.

[0062] As illustrated in FIG. 8 A, the common voltage gen-
eration unit 180_V according to the related art includes a
common voltage amplifying unit 186 amplifying a common
voltage Vcom and outputting the amplified common voltage.
The common voltage amplifying unit 186 amplifies the com-
mon voltage Vcom on the basis of a first source voltage VDD
and a low potential voltage GND.

[0063] The common voltage generation unit 180_V
according to the related art may vary a compensation ratio of
the common voltage in response to a voltage or a signal
supplied to a non-inverting terminal (+) and an inverting
terminal (=) of the common voltage amplifying unit 186.
[0064] As illustrated in FIG. 8B, a common voltage gen-
eration unit 180_V according to the first example embodi-
ment of the present disclosure may include an interface unit
182, a voltage adjusting unit 184, and a common voltage
amplifying unit 186.

[0065] The interface unit 182 may exchange data with an
external circuit unit (hereinafter referred to as a “timing con-
troller”) according to a communication interface (IF) scheme.
For example, the interface unit 182 may receive a power
control signal through a communication interface (IF) with
the timing controller, and deliver the received power control
signal to the voltage adjusting unit 184.

[0066] The voltage adjusting unit 184 may vary a first
source voltage VDD and output the same. In response to a
power control signal transferred through the interface unit
182, the voltage adjusting unit 184 may vary the first source
voltage VDD and output the varied voltage. For example, in
response to the power control signal transferred through the
interface unit 182, the voltage adjusting unit 184 may divide
the first source voltage VDD and deliver the divided voltage
to the common voltage amplifying unit 186. The voltage
adjusting unit 184 serves to limit the first source voltage VDD
supplied to the common voltage amplifying unit 186 (or
lowers a level of the first source voltage and outputs the
same).

[0067] The common voltage amplifying unit 186 may
amplify the common voltage Vcom on the basis of the first
source voltage VDD, delivered from the voltage adjusting
unit 184, and a low potential voltage GND, and output the
amplified voltage. The first source voltage VDD, delivered
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from the voltage adjusting unit 184, is supplied to a first bias
terminal Vs+, and the low potential voltage GND is supplied
to a second bias terminal Vs—. For example, in response to a
varied level of the first source voltage VDD delivered from the
voltage adjusting unit 184, the common voltage amplifying
unit 186 may vary a compensation ratio (or an amplification
ratio) of the common voltage Vcom, and output the varied
compensation ratio through a common voltage line.

[0068] As can be seen from FIGS. 8A-8B, in the first
example embodiment of the present disclosure, the compen-
sation ratio of the common voltage may be varied in response
to the power control signal supplied from an external source,
in contrast to the related art. An example of the voltage adjust-
ing unit illustrated in FIG. 8B and described above will be
further described as follows.

[0069] As illustrated in FIG. 9, the example voltage adjust-
ing unit 184 includes a decoder unit 184D, a resistor string
unit 184R, and a transistor unit 184T. The decoder unit 184D
generates an output in response to a power control signal. The
resistor string unit 184R includes a plurality of resistors
arranged between the first source voltage VDD and the low
potential voltage GND. Inresponse to a signal output from the
decoder unit 184D, the transistor unit 184T controls the resis-
tor string unit 184R and varies the first source voltage VDD,
and outputs the same.

[0070] The voltage adjusting unit 184 includes the transis-
tor unit 184T capable of controlling the resistor string unit
184R positioned between the first source voltage VDD and
the low potential voltage GND in response to the power
control signal delivered to the decoderunit 184D. The voltage
adjusting unit 184 may control a circuit configured with the
decoder unit 184D, the resistor string unit 184R, and the
transistor unit 184T, in response to a power control signal, and
may vary the first source voltage VDD in such a manner that
a resistance value between the first source voltage VDD and
the low potential voltage GND is varied, and output the same.
However, the above description is merely illustrative, and the
present disclosure is not limited thereto.

[0071] As described above, the first example embodiment
of the present disclosure may include a common voltage
generation unit 180_V capable of varying a compensation
ratio (or an amplification ratio) of the common voltage Vcom.
[0072] Therefore, in a case in which the common voltage
generation unit 180_V according to the first example embodi-
ment is used, when power of the LCD device is turned on, a
common voltage compensation ratio carried out in the com-
mon voltage amplifying unit 186 of the power supply unit
(PMIC Vcom Block) may be temporarily lowered to improve
a voltage margin and resolve a voltage drop, thus preventing
aproblem in which UVLO is applied to the power supply unit.
[0073] Meanwhile, the first example embodiment of the
present disclosure may improve a problem caused by a spe-
cial pattern such as a max pattern, or the like, when the LCD
device is initially driven. However, the special pattern such as
the max pattern may also be generated even after the LCD
device is initially driven. In orderto cope with such a case, the
present disclosure proposes a scheme of changing a compen-
sation ratio of a common voltage even while the LCD device
is being driven.

Second Example Embodiment

[0074] FIG. 10 is a block diagram illustrating a portion of
an example common voltage generating unit according to a
second example embodiment of the present disclosure.
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[0075] As illustrated in FIG. 10, the common voltage gen-
eration unit 180_V includes a first circuit unit 180_Va (PMIC
Vin Detector) detecting an input voltage, and a second circuit
unit 180_Vb (PMIC Vcom Block) generating a common volt-
age Veom.

[0076] The first circuit unit 180_Va outputs a control signal
CS for controlling a compensation ratio of the common volt-
age Vcom output from the second circuit unit 180_Vb on the
basis of a signal supplied from an external circuit unit and an
input voltage Vin supplied from the outside.

[0077] The first circuit unit 180_Va includes an interface
unit 182, a voltage adjusting unit 184, and a voltage compar-
ing unit 185. The interface unit 182 exchanges data with an
external circuit unit (hereinafter, referred to as a “timing
controller”) according to a communication interface (IF)
scheme. For example, the interface unit 182 receives a power
control signal through a communication interface (IF) with
the timing controller, and delivers the received power control
signal to the voltage adjusting unit 184.

[0078] The voltage adjusting unit 184 varies a reference
voltage Vin ref of the input voltage and outputs the varied
reference voltage. Here, in response to the power control
signal delivered through the interface unit 182, the voltage
adjusting unit 184 varies the reference voltage Vin ref of the
input voltage and outputs the varied reference voltage. For
example, in response to the power control signal delivered
through the interface unit 182, the voltage adjusting unit 184
divides the input voltage Vin and delivers the divided input
voltage Vin to the voltage comparing unit 185. The voltage
adjusting unit 184 serves to limit the reference voltage Vin ref
of the input voltage supplied to the voltage comparing unit
185 (or lowers a level of a first source voltage and outputs the
same).

[0079] The voltage adjusting unit 184 includes a decoder
unit 184D, a resistor string unit 184R, and a transistor unit
184T. The voltage adjusting unit 184 includes the transistor
unit 184T, which is capable of controlling the resistor string
unit 184R positioned between the input voltage Vin and a low
potential voltage GND in response to the power control signal
delivered to the decoder unit 184D.

[0080] The voltage adjusting unit 184 may control a circuit
including the decoder unit 184D, the resistor string unit 184R,
and the transistor unit 184T, in response to the power control
signal, and may vary the reference voltage Vin ref of the input
voltage in such a manner that a resistance value between the
input voltage Vin and the low potential voltage GND is varied,
and output the same. The voltage adjusting unit 184 may vary
(or limit) the reference voltage Vin ref of the input voltage by
models of liquid crystal panels in response to the power
control signal. However, this is merely illustrative and the
present disclosure is not limited thereto.

[0081] The voltage comparing unit 185 compares the ref-
erence voltage Vin ref of the input voltage delivered from the
voltage adjusting unit 184 with the input voltage Vin supplied
from the outside, and outputs a control signal CS according to
the comparison result. The reference voltage Vin ref of the
input voltage delivered from the voltage adjusting unit 184 is
supplied to an inverting terminal (-) of the voltage comparing
unit 185, the input voltage Vin is supplied to a non-inverting
terminal (+) of the voltage comparing unit 185, the first poten-
tial voltage VDD is supplied to a first bias terminal (Vs+), and
the low potential voltage is supplied to a second bias terminal
(Vs-).
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[0082] When a drop occurs in the input voltage Vin due to
aspecial pattern such as a max pattern, the voltage comparing
unit 185 outputs a control signal CS according to a preset
voltage. For example, when a level of the input voltage Vin is
higher than that of the reference voltage Vin ref of the input
voltage, the voltage comparing unit 185 outputs a control
signal CS corresponding to a logic low signal Low. Mean-
while, when a level of the input voltage Vin is lower than that
of the reference voltage Vin ref of the input voltage, the
voltage comparing unit 185 outputs a control signal CS cor-
responding to a logic high signal High.

[0083] The second circuit unit 180_Vb controls a compen-
sation ratio of the common voltage Vcom in response to the
control signal CS supplied from the first circuit unit 180_Va.
The second circuit unit 180_Vb includes a common voltage
amplifying unit 186 amplifying a common voltage and out-
putting the amplified common voltage and a switch unit FET
controlling a compensation ratio of the common voltage in
response to the control signal CS.

[0084] Thecommon voltage amplifying unit 186 controls a
compensation ratio of the common voltage on the basis of a
compensation reference common voltage output from the
common voltage compensation unit PVCOM_Ref and a
common voltage fed back from a common voltage feedback
circuit unit Veom_FB. The compensation reference common
voltage is supplied to a non-inverting terminal (+) of the
common voltage amplifying unit 186, the feedback common
voltage is supplied to an inverting terminal (-) ofthe common
voltage amplifying unit 186, the first source voltage VDD is
supplied to the first bias terminal Vs+, and the low potential
voltage GND is supplied to the second bias terminal Vs-.
[0085] A gateelectrode of the switch unit FET is connected
to a control signal line to which the control signal is trans-
ferred, a first electrode thereof is connected to an output
terminal of the common voltage amplifying unit 186, and a
second electrode thereof is connected to the inverting termi-
nal (=) of the common voltage amplifying unit 186. The
switch unit FET is turned on or turned off according to a logic
state of the control signal CS.

[0086] The common voltage feedback circuit unit Veom_
FB is used to compensate for the common voltage. The com-
mon voltage feedback circuit Vecom_FB, a circuit positioned
outside of the power supply unit, serves to feed back the
common voltage, returned through the liquid crystal panel
160 after being output from the power supply unit, to the
second circuit unit 180_Vb of the common voltage genera-
tion unit 180_V.

[0087] The common voltage feedback circuit unit Veom
FB further includes a first feedback resistor RF1 and a second
feedback resistor REF2. The first feedback resistor RF1 is
connected to an output terminal of the common voltage feed-
back circuit unit Vcom_FB at one end thereof, and is con-
nected to the inverting terminal (=) of the common voltage
amplifying unit 186 at the other end thereof. The second
feedback resistor RF2 is connected to an output terminal of
the common voltage generating unit 180_V at one end
thereof, and is connected to the inverting terminal () of the
common voltage amplifying unit 186 at the other end thereof.
[0088] As described above, in the second example embodi-
ment of the present disclosure, the compensation ratio of the
common voltage Vcom may be varied according to a change
in a level of the input voltage, even while the LCD device is
being driven, through interworking between the first circuit
unit 180 Va and the second circuit unit 180_Vb.
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[0089] For example, when a voltage level of the input volt-
age Vin is 2.5V or higher, the common voltage generation unit
180_V may compensate for the common voltage Vcom with
asecond compensationratio, which is a normal compensation
ratio, and output the same. Meanwhile, when a voltage level
of the input voltage Vin is lower than 2.5V, the common
voltage generation unit 180_V may compensate for the com-
mon voltage Veom with a first compensation ratio, whichis a
lowered compensation ratio, and output the same. Here, the
first compensation ratio may be M times (M is 1 to 10 times)
lower than the second compensation ratio.

[0090] For example, when the common voltage generation
unit 180_V compensates for the common voltage Vcom with
the second compensation ratio, the compensation ratio may
be expressed as “COMP RATIO=-RF1/RF2”. Here, the com-
mon voltage is compensated with the normal compensation
ratio which is to be applied to each model of a liquid crystal
panel.

[0091] Alternatively, when the common voltage generation
unit 180_V performs compensation with a third compensa-
tion ratio, the compensation ratio may be expressed as
“COMP RATIO=0 (FET Ron value)/RF1”. Here, the com-
mon voltage is not compensated. That is, the compensation
ratio is 0, and the common voltage amplifying unit 186 oper-
ates as an operational amplifier buffer.

[0092] Meanwhile, the common voltage generation unit
180_V may perform a compensation operation with the third
compensation ratio (e.g., where common voltage compensa-
tion is temporarily stopped), which does not compensate for
the common voltage according to a voltage level of the input
voltage Vin. In this manner, the compensation ratio of the
common voltage may be varied, or compensation may be
selectively performed according to a result obtained by com-
paring the input voltage returning the compensation ratio of
the common voltage to the original compensation ratio and
the reference voltage of the input voltage provided in the
power supply unit.

[0093] As described above, the second example embodi-
ment of the present disclosure includes the common voltage
generation unit 180_V for varying the compensation ratio (or
amplification ratio) of the common voltage Vcom or for not
performing compensation.

[0094] Therefore, when the common voltage generation
unit 180_V according to the second example embodiment is
used, the compensation ratio of the common voltage may be
varied according to a state (or a level) of the input voltage Vin,
or compensation may be temporarily stopped, whereby a
voltage margin may be improved and a voltage drop may be
resolved, preventing a problem caused by the UVLO being
applied to the power supply unit.

[0095] In this manner, since the input voltage supplied to
the power supply unit or the common voltage generation unit
1s sensed, a problem related to generation of a special pattern,
such as a max pattern, when the LCD device is initially driven
or even while the LCD device is normally driven thereafter,
may be improved.

Third Example Embodiment

[0096] FIG. 11 is a block diagram illustrating a portion of
the common voltage generating unit according to a third
example embodiment of the present disclosure.

[0097] Asillustrated in FIG. 11, the example common volt-
age generation unit 180_V includes a first circuit unit 180_Va
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(PMIC Vin Detector) detecting an input voltage and a second
circuit unit 180_Vb (PMIC Vcom Block) generating a com-
mon voltage Vcom.

[0098] The first circuit unit 180_Va outputs a control signal
CS for controlling a compensation ratio of the common volt-
age Vcom output from the second circuit unit 180_Vb on the
basis of a signal supplied from an external circuit unit and an
input voltage Vin supplied from the outside.

[0099] The second circuit unit 180_Vb controls a compen-
sation ratio of the common voltage Vcom in response to the
control signal CS supplied from the first circuit unit 180_Va.
The second circuit unit 180_Vb includes a common voltage
amplifying unit 186 amplifying a common voltage and out-
putting the amplified common voltage, and a switch unit FET
controlling a compensation ratio of the common voltage in
response to the control signal CS.

[0100] The example common voltage generation unit
according to the third example embodiment of the present
disclosure may be the same as that of the second example
embodiment, except for a third feedback resistor RF3
included in the second circuit unit 180_Va. For brevity, only
the third feedback resistor RF3 may be described.

[0101] The second circuit unit 180_Vb controls a compen-
sation ratio of the common voltage Vcom in response to the
control signal CS supplied from the first circuit unit 180_Va.
The second circuitunit 180_Vb includes the common voltage
amplifying unit 186 amplifying a common voltage and out-
putting the amplified common voltage, the switch unit FET
controlling a compensation ratio of the common voltage in
response to the control signal CS, and the third feedback
resistor RF3.

[0102] Togetherwiththe first and second feedback resistors
RF1 and RF2, the third feedback resistor RF3 may serve to
determine a compensation ratio of the common voltage. The
third feedback resistor RF3 may be positioned between the
switch unit FET and the inverting terminal (-) of the common
voltage amplifying unit 186. The third feedback resistor REF3
may be connected to the second electrode of the switch unit
FET at one end, and connected to the inverting terminal (-) of
the common voltage amplifying unit 186 at the other end.
[0103] As described above, in the third example embodi-
ment of the present disclosure, the compensation ratio of the
common voltage Vcom may be varied according to a change
in a level of the input voltage, even while the LCD device is
being driven, through interworking between the first circuit
unit 180_Va and the second circuit unit 180_Vb.

[0104] For example, when a voltage level of the input volt-
age Vin is 2.5V orhigher, the common voltage generation unit
180_V may compensate for the common voltage Vcom with
a second compensation ratio, (e.g., a normal compensation
ratio), and output the same. Meanwhile, when a voltage level
of the input voltage Vin is lower than 2.5V, the common
voltage generation unit 180_V may compensate for the com-
mon voltage Veom with a first compensation ratio, (e.g., a
lowered compensation ratio), and output the same. Here, the
first compensation ratio may be M times (M is 1 to 10 times)
lower than the second compensation ratio.

[0105] For example, when the common voltage generation
unit 180_V compensates for the common voltage Vecom with
the second compensation ratio, the compensation ratio may
be expressed as “COMP RATIO=-RF1/RF2”. Here, the com-
mon voltage is compensated with the normal compensation
ratio which is to be applied to each model of a liquid crystal
panel.
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[0106] In contrast, when the common voltage generation
unit 180_V compensates for the common voltage Vcom with
the second compensation ratio, the compensation ratio may
be expressed as “COMP RATIO=-RF3/RF1”. In this case,
the common voltage is compensated with a lowered compen-
sation ratio which is to be applied to each model requiring a
lower compensation ratio.
[0107]  As described above, the third example embodiment
of the present disclosure includes the common voltage gen-
eration unit 180_V for varying the compensation ratio (or
amplification ratio) of the common voltage Vcom. In particu-
lar, in the third example embodiment, in order to improve a
voltage margin, different compensation ratios may be
expressed for each input voltage, and also, a drop amount of
an input voltage may be adjusted.
[0108] Therefore, when the common voltage generation
unit 180_V according to the third example embodiment is
used, the compensation ratio of the common voltage may be
varied according to a state (or a level) of the input voltage Vin,
avoltage margin may be improved, and a voltage drop may be
resolved, thereby preventing a problem in which UVLO is
applied to the power supply unit. Accordingly, reliability and
stability of the device may be enhanced.
[0109] Inthis manner, because the input voltage supplied to
the power supply unit or the common voltage generation unit
is sensed, a problem related to generation of a special pattern
such as a max pattern when the LCD device is initially driven,
or even while the LCD device is being normally driven there-
after (e.g., in a middle stage of driving), may be improved.
[0110] As described above, in example embodiments of the
present disclosure, in order to reduce drop of an input voltage
when power is turned on at an initial stage, to mainly aim at
enhancing a voltage margin when a special pattern such as a
max pattern is generated (or expressed), 1) a source voltage of
the common voltage amplifying unit is limited, 2) a compen-
sation ratio of the common voltage is lowered or a compen-
sation operation time is delayed when power is turned on, 3)
the common voltage amplifying unit is implemented as a
compensation circuit or a buffer circuit of a common voltage,
and 4) a drop amount of an input voltage is adjusted by
differentiating a compensation ratio of the common voltage
according to an input voltage.
[0111] As described above, in example embodiments,
when a special pattern is generated (or expressed), a voltage
margin is enhanced and a voltage drop at the input terminal of
the power supply unit is prevented, thereby enhancing reli-
ability and stability of the device. Also, even when the special
pattern is generated at an initial stage of driving, or while the
device is being normally driven thereafter (e.g., at a middle
stage of driving), a voltage may be stably output. In addition,
display quality may be enhanced by differentiating a common
voltage compensation ratio according to a state of the power
supply unit and a model of a liquid crystal panel.
[0112] Tt will be apparent to those skilled in the art that
various modifications and variations may be made in the
display device of the present invention without departing
from the spirit or scope of the invention. Thus, it is intended
that the present invention cover the modifications and varia-
tions of this invention provided they come within the scope of
the appended claims and their equivalents.

What is claimed is:

1. A liquid crystal display device, comprising:

a liquid crystal panel configured to display an image;

a driver configured to drive the liquid crystal panel;
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a timing controller configured to control the driver; and
a power supply configured to:

be supplied by an input voltage;

supply acommon voltage to the liquid crystal panel; and

temporarily vary a compensation ratio of the common
voltage when a pattern causing a drop of the input
voltage is displayed by the display device.

2. The liquid crystal display device of claim 1, wherein:
the power supply is further configured to:

compensate for the common voltage with a first com-
pensation ratio during a first section in which black
data and a max pattern are displayed by the liquid
crystal panel, and

compensate for the common voltage with a second com-
pensation ratio during a second section after the first
section is terminated; and

the first compensation ratio is lower than the second com-
pensation ratio.

3. The liquid crystal display device of claim 1, wherein

the power supply temporarily lowers the compensation
ratio in response to a power control signal supplied from
the timing controller.

4. The liquid crystal display device of claim 1, wherein

the power supply comprises:

an interface configured to communicate with the timing
controller and receive a power control signal from the
timing controller;

a voltage adjuster configured to vary a first source volt-
age and output the varied first source voltage in
response to the power control signal transferred
through the interface; and

a common voltage generator configured to amplify the
common voltage on the basis of the first source volt-
age and a low potential voltage transferred from the
voltage adjuster, and output the amplified common
voltage.

5. The liquid crystal display device of claim 4, wherein
the voltage adjuster comprises:

adecoder configured to generate an output in response to
the power control signal;

a resistor string between the first source voltage and the
low potential voltage; and

a transistor configured to control the resistor string in
response to a signal output from the decoder, and vary
the first source voltage and output the varied first
source voltage.

6. The liquid crystal display device of claim 1, wherein

the power supply detects the input voltage;

when a level of the input voltage is lower than that of a
reference voltage of the input voltage prepared therein,
the power supply compensates for the common voltage
with the first compensation ratio or temporarily stops
compensation of the common voltage;

when the level of the input voltage is higher than that of the
reference voltage of the input voltage, the power supply
compensates for the common voltage with the second
compensation ratio; and

the first compensation ratio is lower than the second com-
pensation ratio.

7. The liquid crystal display device of claim 6, wherein

the common voltage generator comprises:

a first circuit including an interface configured to commu-
nicate with the timing controller and receive a power
control signal from the timing controller, a voltage
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adjuster configured to vary a reference voltage of an
input voltage and output the varied reference voltage in
response to the source control signal transferred through
the interface. and a voltage comparator configured to
compare the input voltage and the reference voltage of
the input voltage and output a control signal according to
the comparison result; and

a second circuit including a common voltage amplifier
configured to amplify the common voltage on the basis
of the first source voltage and the low potential voltage
and output the amplified common voltage, and a switch
configured to control a compensation ratio of the com-
mon voltage output from the common voltage amplifier
in response to the control signal supplied from the first
circuit.

8. The liquid crystal display device of claim 6, wherein
the common voltage generator comprises:

a common voltage feedback circuit configured to be
provided outside to feed back a common voltage
returned through the liquid crystal panel to the com-
mon voltage amplifier;

a first feedback resistor connected to an output terminal
of the common voltage feedback circuit at one end
and connected to an inverting terminal of the common
voltage amplifier at the other end; and

a second feedback resistor connected to an output ter-
minal of the common voltage generator at one end and
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connected to an inverting terminal of the common
voltage amplifier at the other end.

9. The liquid crystal display device of claim 8, wherein

the common voltage generator further comprises a third
feedback resistor connected to a second electrode of the
switch at one end and connected to the inverting terminal
of the common voltage amplifier at the other end.

10. A method for driving a liquid crystal display device, the

method comprising:

turning on power so that an external input voltage is sup-
plied to a power supply;

varying a compensation ratio of a common voltage output
from the power supply during a first period of time; and

returning the compensation ratio of the common voltage
output from the power supply to an original compensa-
tion ratio thereof during a second period of time that is
after the first period of time.

11. The method of claim 10, wherein

varying of the compensation ration of the common voltage
corresponds to a section in which black data and a max
pattern are displayed by a liquid crystal panel of the
liquid crystal display device.

12. The method of claim 10, wherein

the varying of the compensation ratio of the common volt-
age and the returning of the compensation ratio of the
common voltage to the original compensation ratio are
selectively performed according to a result obtained by
comparing the input voltage and a reference voltage of
the input voltage prepared in the power supply.

* #* * #* #®
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