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(7) ABSTRACT

A liquid crystal display apparatus and a method of driving the
liquid crystal display apparatus, which commonly boosts pix-
els of a first group and commonly boosts pixels of a second
group. The liquid crystal display apparatus includes a first
group of pixels for displaying an image and a second group of
pixels for displaying an image. Each pixel of the first and
second groups includes a storage capacitor for storing a data
voltage. The liquid crystal display apparatus further includes
a first storage common voltage line connected to storage
capacitors of the pixels of the first group of pixels, a second
storage common voltage line connected to storage capacitors
of the pixels of the second group of pixels. A first storage
common voltage is supplied to the pixels of the first group
through the first storage common voltage line, and a second
storage common voltage is supplied to the pixels of the sec-
ond group through the second storage common voltage line.
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LIQUID CRYSTAL DISPLAY APPARATUS
AND METHOD OF DRIVING THE SAME

CLAIM OF PRIORITY

This application makes reference to, incorporates the same
herein, and claims all benefits accruing under 35 U.S.C. §119
from an application earlier filed in the Korean Intellectual
Property Office on 17 May 2010 and there duly assigned
Serial No. 10-2010-0046031.

BACKGROUND OF THE INVENTION

1. Field of the Invention

Embodiments of the present invention relate to a liquid
crystal display apparatus and a method of driving the liquid
crystal display apparatus.

2. Description of the Related Art

A liquid crystal display apparatus displays images corre-
sponding to input data by converting the input data into a data
voltage with a data driving unit, and controlling a scanning
operation of each pixel with a gate driving unit to adjust the
brightness of each pixel. Each of the pixels in the liquid
crystal display apparatus includes a liquid crystal capacitor
that is coupled to a gate line and charged with data voltage,
and a storage capacitor that is coupled to the liquid crystal
capacitor to store the voltage charged in the liquid crystal
capacitor. The image is displayed according to the voltage
charged in the liquid crystal capacitor.

SUMMARY OF THE INVENTION

The present invention provides a method of time-division-
ally driving a liquid crystal display apparatus.

The present invention also provides a liquid crystal display
apparatus that is time-divisionally driven to improve a charg-
ing speed and brightness thereof.

According to an aspect of the present invention, there is
provided a liquid crystal display apparatus including a first
group of pixels for displaying an image and a second group of
pixels for displaying an image. Fach pixel in the first and
second groups is disposed on a portion where one of data lines
and one of gate lines cross each other. Each pixel of the first
and second groups includes a storage capacitor for storing a
data voltage. The liquid crystal display apparatus further
includes a gate driving unit for outputting scan pulses to the
pixels of the first and second groups through the gate lines, a
data driving unit for generating a data voltage corresponding
to an input image data signal and outputting the data voltage
to each pixel of the first and second groups through the data
lines, a first storage common voltage line connected to the
storage capacitors of the pixels of the first group of pixels, a
second storage common voltage line connected to the storage
capacitors of the pixels of the second group of pixels, and a
storage common voltage driving unit for generating a first
storage common voltage and outputting the first storage com-
mon voltage to the pixels of the first group through the first
storage common voltage line. The storage common voltage
driving unit generates a second storage common voltage and
outputting the second storage common voltage to the pixels of
the second group through the second storage common voltage
line.

The liquid crystal display apparatus may further include a
backlight unit for emitting light to the pixels of the first and
second groups.

In a first programming section, the first storage common
voltage may have a storage common high voltage level and
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the second storage common voltage may have a storage com-
mon low voltage level. In a first light emitting section, the first
storage common voltage may have the storage common low
voltage level and the second storage common voltage may
have the storage common high level. The backlight unit may
emit light during the first light emitting section. The data
voltage may be stored in the storage capacitor of the each
pixel of the first and second groups during the first program-
ming section. The first light emitting section may sequentially
follow the first programming section.

Inasecond programming section, the first storage common
voltage may have the storage common low voltage level and
the second storage common voltage may have the storage
common high level. In a second light emitting section, the
first storage common voltage may have the storage common
high voltage level and the second storage common voltage
may have the storage common low voltage level. The back-
light unit may emit light during the second light emitting
section. The data voltage may be stored in the storage capaci-
tor of the each pixel of the first and second groups during the
second programming section. The second light emitting sec-
tion may sequentially follow the second programming sec-
tion.

The data driving unit may write the data voltage in the
pixels of the first group in a negative direction from the
storage common high voltage level during the first program-
ming section, and may write the data voltage in the pixels of
the second group in a positive direction from the storage
common low voltage level during the first programming sec-
tion. The data driving unit may write the data voltage in the
pixels of the first group in the positive direction from the
storage common low voltage level during the second pro-
gramming section, and may write the data voltage in the
pixels of the second group in the negative direction from the
storage common high voltage level during the second pro-
gramming section.

The data driving unit may supply the data voltage so as to
have a red (R) sub-frame section in which the data voltage
with respect to R is generated and output, a green (G) sub-
frame section in which the data voltage with respect to G is
generated and output, and a blue (B) sub-frame section in
which the data voltage with respect to B is generated and
output, in a time-divisional method.

The pixels of the first group may be located on odd-num-
bered lines, and the pixels of the second group may be located
on even-numbered lines.

According to another aspect of the present invention, there
is provided a method of driving a liquid crystal display appa-
ratus, which includes a first group of pixels for displaying an
image and a second group of pixels for displaying an image,
a first storage common voltage line connected to storage
capacitors of the pixels of the first group of pixels, and a
second storage common voltage line connected to storage
capacitors of the pixels of the second group of pixels. The
method includes writing a data voltage in the pixels of the first
and second groups, supplying a first storage common voltage
to the pixels of the first group through the first storage com-
mon voltage line, supplying a second storage common volt-
age to the pixels of the second group through the second
storage common voltage line, transiting the voltage levels of
the first and second storage common voltages, and emitting
light from a backlight unit included in the liquid crystal dis-
play apparatus.

The method may further include: performing program-
ming, transiting, and light emitting for R pixels, performing
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programming, transiting, and light emitting for G pixels; and
performing programming, transiting, and light emitting for B
pixels.

The method may further include writing the data voltage in
the pixels of the first group in a negative direction from the
storage common high voltage level during the first program-
ming section, writing the data voltage in the pixels of the
second group ina positive direction from the storage common
low voltage level during the first programming section, writ-
ing the data voltage in the pixels of the first group in the
positive direction from the storage common low voltage level
during the second programming section, and writing the data
voltage in the pixels of the second group in the negative
direction from the storage common high voltage level during
the second programming section.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the invention, and many
of the attendant advantages thereof, will be readily apparent
as the same becomes better understood by reference to the
following detailed description when considered in conjunc-
tion with the accompanying drawings in which like reference
symbols indicate the same or similar components, wherein:

FIG. 1 is a block diagram of a liquid crystal display appa-
ratus according to an embodiment of the present invention;

FIG. 2 is a diagram showing a circuit of a pixel according
to an embodiment of the present invention;

FIG. 3 is a timing diagram showing a driving timing of the
liquid crystal display apparatus according to an embodiment
of the present invention;

FIG. 4 is a timing diagram of driving signals with respect to
one sub-frame according to an embodiment of the present
invention;

FIG. 5 is a diagram illustrating processes of writing data
and boosting in a liquid crystal display apparatus, according
to an embodiment of the present invention;

FIG. 6 is a flowchart illustrating a method of driving the
liquid crystal display apparatus of FIG. 1, according to an
embodiment of the present invention; and

FIG. 7 is a flowchart illustrating a time-divisional driving
method of a liquid crystal display apparatus, according to an
embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

A liquid crystal display apparatus displays images corre-
sponding to input data by converting the input data into a data
voltage with a data driving unit, and controlling a scanning
operation of each pixel with a gate driving unit to adjust the
brightness of each pixel. Each of the pixels in the liquid
crystal display apparatus includes a liquid crystal capacitor
that is coupled to a gate line and charged with data voltage,
and a storage capacitor that is coupled to the liquid crystal
capacitor to store the voltage charged in the liquid crystal
capacitor. The image is displayed according to the voltage
charged in the liquid crystal capacitor.

The present invention will now be described more fully
with reference to the accompanying drawings, in which
exemplary embodiments of the invention are shown. In the
description of the present invention, if it is determined that a
detailed description of commonly-used technologies or struc-
tures related to the invention may unnecessarily obscure the
subject matter of the invention, the detailed description will
be omitted. Also, since later-described terms are defined in
consideration of the functions of the present invention, they
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may vary according to users’ intentions or practice. Hence,
the terms must be interpreted based on the contents of the
entire specification.

It will be understood that when an element or layer is
referred to as being “connected to” or “coupled to” another
element, the element or layer can be directly connected or
coupled to another element or intervening elements.

In contrast, when an element is referred to as being
“directly connected t0” or “directly coupled to” another ele-
ment, there are no intervening elements present. Like num-
bers refer to like elements throughout. As used herein, the
term “and/or” includes any and all combinations of one or
more of the associated listed items.

It will be understood that, although the terms first, second,
third, etc., may be used herein to describe various elements,
components, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not be
limited by these terms. These terms are only used to distin-
guish one element, component, region, layer or section from
another region, layer or section. Thus, a first element, com-
ponent, region, layer or section discussed below could be
termed a second element, component, region, layer or section
without departing from the teachings of the present invention.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the invention. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
further understood that the terms “comprises” and/or “com-
prising,” when used in this specification, specify the presence
of stated features, integers, steps, operations, elements, and/
or components, but do not preclude the presence or addition
of one or more other features, integers, steps, operations,
elements, components, and/or groups thereof.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

Hereinafter, embodiments of the present invention will be
described with reference to accompanying drawings.

FIG. 1 is a block diagram of a liquid crystal display appa-
ratus 100 according to an embodiment of the present inven-
tion.

The liquid crystal display apparatus 100 of the present
embodiment includes a timing controller 110, a gate driving
unit 120, a data driving unit 130, a storage common voltage
driving unit 140, and a pixel unit 150.

The timing controller 110 receives input image signals
RGB (signals for R, G, and B pixels), a data enable signal DE,
a vertical synchronization signal Vsync, a horizontal syn-
chronization signal Hsync, and a clock signal CLK from an
external graphic controller (not shown). Herein the symbols
R, G and B mean red, green and blue color pixels, respec-
tively. The timing controller 110 generates an image data
signal DATA, a data driving control signal DDC, a gate driv-
ing control signal GDC, and a storage common voltage driv-
ing control signal SDC. The timing controller 110 receives
input control signals such as the horizontal synchronization
signal Hsync, the clock signal CLK and the data enable signal
DE, and outputs the data driving control signal DDC. The
data driving control signal DDC is a signal for controlling
operations of the data driving unit 130, and includes a source



US 8,686,936 B2

5

shift clock SSC, a source start pulse SSP, a polarity control
signal POL, and a source output enable signal SOE as signals
for controlling operations of the data driving unit 130. In
addition, the timing controller 110 receives the vertical syn-
chronization signal Vsync and the clock signal CLK, and
outputs the gate driving control signal GDC. The gate driving
control signal GDC is a signal for controlling operations of
the gate driving unit 120, and includes a gate start pulse GSP
and a gate output enable signal GOE. The storage common
voltage driving control signal SDC is a signal for controlling
operations ofthe storage common voltage driving unit 140. In
FIG. 1, the storage common voltage driving control signal
SDC and the clock signal CLK applied to the storage common
voltage driving unit 140 are supplied from the timing control-
ler 110.

The gate driving unit 120 sequentially generates scan
pulses (that is, gate pulses) corresponding to the gate driving
control signal GDC supplied from the timing controller 110,
and supplies the generated scan pulses to gate lines G1
through Gn. Here, the gate driving unit 120 determines a
voltage level of a scan pulse according to a gate high voltage
VGH and a gate low voltage VGL, which are supplied from an
external circuit. The voltage level of the scan pulse may vary
depending on a kind of a switching device M1 formed in a
pixel 152 (see FIG. 2). That is, if the switching device M1 is
an n-type transistor, the scan pulse has the gate high voltage
VGH during activation, and if the switching device M1 is a
p-type transistor, the scan pulse has the gate low voltage VGL
during activation.

The data driving unit 130 supplies data voltages to data
lines D1 through Dm corresponding to the image data signal
DATA and the data driving control signal DDC supplied from
the timing controller 110. In more detail, the data driving unit
130samples and latches the image data signal DATA supplied
from the timing controller 110, and converts the image data
signal DATA into an analog data voltage that may represent
gray scale in pixels 152 of the pixel unit 150 based on a
gamma reference voltage supplied from a gamma reference
voltage circuit (not shown).

The pixel unit 150 includes the pixels 152 located on por-
tions where the data lines D1 through Dm and the gate lines
G1 through Gn cross each other. Each of the pixels 152 is
connected to at least one data line Di, at least one gate line Gj,
and a first or second storage common voltage line ST, ..
or ST, en The gate lines G1 through Gn are extended in
a first direction in parallel with each other, and the data lines
D1 through Dm are extended in a second direction in parallel
with each other. Alternatively, the gate lines G1 through Gn
may be extended in the second direction, and the data lines D1
through Dm may be extended in the first direction. The pixels
152 of the pixel unit 150 are grouped in a first group and a
second group. The pixels 152a of the first group are connected
to the first storage common voltage lines ST, ... and the
pixels 1524 of the second group are connected to the second
storage common voltage lines ST_ . .,.,.- According to the
present embodiment of the present invention shown in FIG. 1,
the pixels 152a of the first group are arranged in odd-num-
bered rows, and the pixels 1525 of the second group are
arranged in even-numbered rows. The pixels 152 of the first
and second groups may be defined variously according to
embodiments. In other words, pixels 1524 of the first group
may be arranged in odd-numbered columns, and the pixels
1525 of'the second group may be arranged in even-numbered
columns. The row or column is referred to as a line. A struc-
ture of the pixel 152 will be described in more detail with
reference to FIG. 2.
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The storage common voltage driving unit 140 receives the
storage common voltage driving control signal SDC and the
clock signal CLK from the timing controller 110, and receives
a storage common high voltage V,__,.H, and a storage com-
mon low voltage V[ from anexternal circuit. The storage
common voltage driving unit 140 generates a first storage
common voltage V... .., and a second storage common
voltageV_ .. ..., and outputs the generated first and second
storage common voltages V... oz a0d Vo o, to the
first and second storage common voltage lines ST, ,;,and
ST, evers fespectively. Operations of the storage common
voltage driving unit 140 will be described in more detail later.

A backlight unit 160 is disposed on a rear surface of the
pixel unit 150. The backlight unit 160 emits light upon receiv-
ing a backlight driving signal BLC from a backlight driving
unit 170, and emits light towards the pixels 152 in the pixel
unit 150. The backlight driving unit 170 generates the back-
light driving signal BLC by the control of the timing control-
ler 110 and outputs the generated backlight driving signal
BLC to the backlight unit 160 in order to control light emis-
sion of the backlight unit 160.

FIG. 2 is a diagram showing a circuit of the pixel 152
according to an embodiment of the present invention.

The pixel 152 of the current embodiment includes a switch-
ing device M1, a liquid crystal capacitor Cl_, and a storage
capacitor C,,.. The pixel unit 150 includes an upper substrate
and a lower substrate, and a common electrode is formed on
the upper substrate and a pixel electrode is formed on the
lower substrate. A liquid crystal layer is disposed between the
upper and lower substrates. The pixel 152 is a unit portion of
the pixel unit 150 to display an image The liquid crystal
capacitor Cl_represents the unit portion including upper and
lower substrates (in particular, a common electrode and a
pixel electrode formed on the upper and lower substrates) of
a liquid crystal display panel and a liquid crystal layer dis-
posed between the upper and lower substrates. The switching
device M1 includes a gate electrode that is connected to the
gate line Gj, a first electrode connected to the data line Di, and
a second electrode connected to a first node N1. The switch-
ing device M1 may be formed of a thin film transistor (TFT).
The first node N1 is a node that is electrically equivalent with
the pixel electrode PE. The liquid crystal capacitor Cl, is
connected between the first node N1 and a common voltage
V compc- The common voltage V., »- may be applied via the
common electrode. The liquid crystal capacitor Cl. equiva-
lently represents the pixel electrode, the common electrode,
and the liquid crystal layer disposed between the pixel elec-
trode and the common electrode. The storage capacitor C,, is
connected between the first node N1 and the first or second
storage common voltage lines ST_,,, .z o ST.... cvons
through which the storage common voltage V.. .. is applied.
The storage common voltage V,_,., 1s the first storage com-
mon voltage V,, .. .. when the pixel 152 is a pixel of the
first group, and is the second storage common voltage

 sweom_even When the pixel 152 is a pixel of the second group.

When the scan pulse is input through the gate line Gj, the
switching device M1 is turned on, and the data voltage sup-
plied through the data line Di is applied to the first node N1.
Thus, a voltage level corresponding to the data voltage is
stored in the storage capacitor C,,, according to the data
voltage. Orientation of the liquid crystal layer is changed by
the voltage at the first node N1, and thus, light transmittance
of the liquid crystal layer is changed.

FIG. 3 is a timing diagram showing driving timings of the
liquid crystal display apparatus 100, according to an embodi-
ment of the present invention.
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According to embodiments of the present invention, the
liquid crystal display apparatus is driven in a field sequential
color (FSC) method, that is, programming sections and light
emitting sections are separated based on time. In addition, a
programming and a light emission with respect to each of the
red (R), green (G). and blue (B) pixels ate also realized in the
time-divisional way. Referring to FIG. 3, a programming
section T1 and a light emitting section T2 in each of the R, G,
and B pixels are realized in the time-divisional way, and a
sub-frame SUB_FRAME for each of the R. G, and B colors is
also realized in the time-divisional way. One frame includes
sub-frames SUB_FRAME with respect to each of the R, G,
and B colors. During the programming section T1, the data
voltage is written (or stored) in the storage capacitor C,, of
each of the pixels 152, and during the light emitting section
T2, the level of the storage common voltage V. ofall of the
pixels 152 is transited so that the voltages of pixel electrodes
PE (or node N1) in all of the pixels 152 are boosted, and the
backlight unit 160 emits light to display images.

Herein, the meaning of transited voltage is that the voltage
level is switched from one level to another level. As shown in
FIGS. 3 and 4, the first storage common voltage V.. .18
atahigherlevel in the first programming section T1 (T10fR),
and then switched to a lower level in the first light emitting
section T2 (T2 of R) and is maintained at the lower level in the
second programming section T1(T1 of G). The first storage
common voltage V.. ,..1s switchedto a higherlevelin the
second light emitting section 12 (T2 of G). With the same
principle, the second storage common voltage V.., cyen 15
at a lower level in the first programming section T1 (T1 0fR),
and is then switched to a higher level in the first light emitting
section T2 (T2 of R) and is maintained at the higher level in
the second programming section T1 (T1 of G). The second
storage common voltage V,, .. ..., 15 switched to a lower
level in the second light emitting section T2 (T2 of G). As
shown in FIGS. 3 and 4, the first light emitting section T2 (T2
of R) sequentially follows the first programming section T1
(T1 ofR), and the second programming section T1 (T1 of G)
sequentially follows the first light emitting section T2 (T2 of
R). The second light emitting section T2 (T2 of G) sequen-
tially follows the second programming section T1 (T1 of G).
In each of the sub-frames SUB_FRAME, the light emitting
section T2 sequentially follows the programming section T1.
The light emitting section T2 may begin right after the pro-
gramming section T1, or there may a gap (time interval)
between the programming section T1 and the light emitting
section T2. Inother words, even though FIG. 3 shows the light
emitting section T2 right after the programming section T1,
there may be a gap (time interval) between the light emitting
section T2 and the programming section T1.

According to the present embodiment of the present inven-
tion, the storage capacitors C,, of the pixels 152 in the first
group are connected to the first storage common voltage
V s 1com_oqq @01d the storage capacitors C, of the pixels 152 in
the second group are connected to the second storage com-
mon voltage V, . .., and then, all of the pixels 152 are
simultaneously boosted when the programming of the sub-
frames is finished. When the pixels 152 of the first group are
located on odd-numbered lines and the pixels 152 of the
second group are located on even-numbered lines, a line
inversion driving may be performed in a simple way. Accord-
ing to the current embodiment, the first and second storage
common voltages V... .,and V,_  are switched
between the storage common high voltage V,_.H and the
storage common low voltage V. [, and have different volt-
age levels from each other, which are transited whenever the
programming section T1 is ended.
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The liquid crystal capacitor CI_ is connected to the com-
mon voltage V-~ which has a direct current (DC) voltage
level as shown in FIG. 3. According to the current embodi-
ment of the present invention, the common voltage V. rc
may have a voltage level between those of the storage com-
mon high voltage V., .H and the storage common low volt-
ageV,_ L.

The backlight unit 160 is turned off during the program-
ming sections T1, and turned on during the light emitting
sections T2. To this end, as shown in FIG. 3, the backlight
driving signal is configured to have a voltage level that turns
the backlight unit 160 on during the light emitting sections
T2.

FIG. 4 is a timing diagram showing times of the driving
signals within one sub-frame, according to an embodiment of
the present invention.

One sub-frame SUB_FRAME is initialized by the vertical
synchronization signal Vsync. During the programming sec-
tion T1, scan pulses with respect to each of the rows are
sequentially generated by the vertical synchronization signal
Vsync. When the scan pulses are sequentially generated, the
data voltage is input to each of the pixels 152, and thus, the
data voltage is written in the storage capacitor C_,.. Here, the
first storage common voltages V.. .4, of the pixels 152 in
the first group have the voltage level of the storage common
highvoltageV _,_..H, and the data voltage, which is applied to
the pixels 152 of the first group, is biased to a lower level. On
the other hand, the second storage common voltages
Vrcom._even Of the pixels 152 in the second group have the
voltage level of the storage common low voltage VL, and
the data voltage, which is applied to the pixels 152 of the
second group, is biased to a higher level. In the next sub-
frame, the first storage common voltage V. has the

stom_odd
voltage level of the storage common low voltage V. .[ and

stcom

the second storage common voltage V. has the volt-

stcom__even

age level of the storage common high voltage V.. .H.
Accordingly, the data voltage, which is biased to a higher
level, is applied to the pixels 152 of the first group, and the
data voltage, which is biased to a lower level, is applied to the
pixels 152 of the second group. Herein, the voltage biased to
ahigher level is referred to as a positively biased voltage, and
the data voltage biased to a lower level is referred to as a
negatively biased voltage.

When the writing of the data voltage in each of the pixels
152 is completed, the backlight driving signal BLC is acti-
vated during the light emitting section T2 so that the backlight
unit 160 is turned on. In addition, in the light emitting section
T2, voltage levels of the first and second storage common
voltages V., .. oazand V.  are transited so that the
voltage at the first node N1 that is connected to the storage
capacitor C,,, is boosted by the first or second storage com-
monvoltagesV, .. .49tV on oen- The orientation direc-
tion of the liquid crystal layer in the liquid crystal capacitor
Cl..is determined according to the boosted voltage at the first
node N1, and the light transmittance of the liquid crystal layer
is adjusted.

FIG. 5 is a diagram showing processes of writing and
boosting the data voltage, according to an embodiment of the
present invention. In FIG. 5, voltage levels Q1 is the storage
common high voltageV, . H, Q2 is the storage common low
voltage V, L, and Q4 is a level of the data voltage. The
voltage Q3 is a voltage V, applied between the gate and
source of the switching device M1.

As shown in FIG. 5, when the storage common voltage
V,eom has the voltage level of the storage common high
voltage V,_...H, the negatively biased data voltage is written

in the storage capacitor C,,, during the programming section
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T1 (marked by A), and the voltage at the first node N1 is
boosted in the negative direction in the light emitting section
T2 with respect to the storage common high voltage V, . H.
In other words, the voltage at the first node N1, in this case, is
boosted by the storage common voltage V... In the next
sub-frame, since the storage common voltage V. has the
voltage level of the storage common low voltage V, L. the
positive data voltage is written in the storage capacitor C,,,
during the programming section T1 (marked by B), and the
voltage at the first node N1 is boosted in the positive direction
during the light emitting section T2 with respect to the storage
common low voltage V., .L. In other words, the voltage at
the first node N1, in this case, is boosted by the storage
common voltage V. According to the current embodi-
ment, the data voltage applied to the first node N1 has the
voltage level between those of the storage common low volt-
age V_,..,.L and the storage common high voltage V, . H,
and thus, V. of the switching device M1, which is formed of
the TFT, may be equal to or greater than V.. Herein, the V
of the switching device M1 is the voltage applied between the
gate and source ofthe switching device M1. According to the
current embodiment, since the storage common voltage
Vroms 18 sWung, V. may be maintained to be relatively
large, as compared to a case where the storage common
voltage V., is maintained constant. In addition, each of the
pixels 152 is not independently driven. The storage common
voltage V. of the pixels 152 in the first group is commonly
driven, and the storage common voltage V. of the pixels
152 in the second group is commonly driven, and thus, the
driving of the storage common voltage V,_ is performed in
asimpler way. Therefore, according to the embodiment of the
present invention, Vgap may be maintained to be large with a
simple driving, and thus, Vgs is increased. Since Vgs is
increased, the programming section T1 for writing the data
voltage in the pixels 152 may be reduced, and accordingly, the
light emitting section T2 may be increased and the brightness
of the liquid crystal display apparatus 100 may be greatly
improved.

FIG. 6 is a flowchart illustrating a method of driving the
liquid crystal display apparatus 100 of FIG. 1, according to an
embodiment of the present invention.

The data driving unit 120 writes the data voltage in the
pixels 152 (5602). At this time, the first storage common
voltage V..., ,.,18 applied to the storage capacitors C,, of
the pixels 152 in the first group, and the second storage
common voltage V,. .. ..., 15 applied to the storage capaci-
tors C,,, of the pixels 152 in the second group. In addition,
during writing the data voltage to the pixels 152 of the first
and second groups, the backlight unit 160 is in the turn-off
state.

When the data voltage is written in all of the pixels 152, the
storage common voltage driving unit 140 transits the first and
second storage common voltage levels in order to boost the
voltage levels of the pixels 152 in the first group and the pixels
152 in the second group to different polarities (S604). For
example, when the first storage common voltage has the
voltage level of the storage common high voltage V,_, .Hand
the second storage common voltage has the voltage level of
the storage common low voltage V.. .L during writing of
the data voltage, the voltage level of the first storage common
voltage is transited to the voltage level of the storage common
low voltage V,.,L and the voltage level of the second stor-
age common voltage is transited to the voltage level of the
storage common high voltage V_, . ..H during the boosting
operation, and accordingly, the pixels 152 of the first group
are boosted in the negative direction and the pixels 152 of the

second group are boosted in the positive direction.
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When the transition of the voltage levels of the first and
second storage common voltages is completed, the backlight
unit 160 emits the light. Therefore, the liquid crystal display
apparatus 100 displays an image.

FIG. 7 is a flowchart illustrating a time-divisional driving
method of the liquid crystal display apparatus 100, according
to an embodiment of the present invention.

According to the current embodiment, the display of R, G,
and B images is performed in the time-divisional way. For
example, programming and light emission with respect to R
pixels are performed (S702), programming and light emis-
sion with respect to G pixels are performed (§704), and pro-
gramming and light emission with respect to B pixels are
performed (8706). The above order is an example of the
time-divisional way, and the driving order of the R, G, and B
may vary according to embodiments.

According to the embodiments of the present invention, the
charging speed of each of the pixels may be increased, and the
brightness of the liquid crystal display apparatus is improved.

While the present invention has been particularly shown
and described with reference to exemplary embodiments
thereof, it will be understood by those of ordinary skill in the
art that various changes in form and details may be made
therein without departing from the spirit and scope of the
present invention as defined by the following claims.

What is claimed is:

1. A liquid crystal display apparatus comprising:

a first group of pixels for displaying an image;

a second group of pixels for displaying an image, each
pixel of the first and second groups being disposed on a
portion where one of data lines and one of gate lines
cross each other, each pixel of the first and second
groups including a storage capacitor for storing a data
voltage;

a gate driving unit for outputting scan pulses to the pixels of
the first and second groups through the gate lines;

a data driving unit for generating the data voltage corre-
sponding to an input image data signal and outputting
the data voltage to each pixel of the first and second
groups through the data lines;

a first storage common voltage line connected to the stor-
age capacitors of the pixels of the first group of pixels;

a second storage common voltage line connected to the
storage capacitors of the pixels of the second group of
pixels; and

astorage common voltage driving unit for generating a first
storage common voltage and outputting the first storage
common voltage to the pixels of the first group through
the first storage common voltage line, the storage com-
mon voltage driving unit generating a second storage
common voltage and outputting the second storage com-
mon voltage to the pixels of the second group through
the second storage common voltage line, wherein in a
first programming section during which data voltage is
stored in the storage capacitors of the pixels of the first
and second groups, the first storage common voltage has
a storage common high voltage level and the second
storage common voltage has a storage common low
voltage level, and in a first light emitting section during
which the voltage stored in the storage capacitors of the
pixels of the first and second groups is transited to pixel
electrodes of the pixels of the first and second groups,
the first storage common voltage has the storage com-
mon low voltage level and the second storage common
voltage has the storage common high level.
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2. The liquid crystal display apparatus of claim 1, further
comprising a backlight unit for emitting light to the pixels of
the first and second groups.

3. The liquid crystal display apparatus of claim 2, wherein
the backlight unit emits light during the first light emitting
section, the first light emitting section sequentially following
the first programming section.

4. The liquid crystal display apparatus of claim 3, wherein
in a second programming section, the first storage common
voltage has the storage common low voltage level and the
second storage common voltage has the storage common
high level, and in a second light emitting section, the first
storage common voltage has the storage common high volt-
age level and the second storage common voltage has the
storage common low voltage level, the backlight unit emitting
light during the second light emitting section, the data voltage
being stored in the storage capacitor of the each pixel of the
first and second groups during the second programming sec-
tion, the second light emitting section sequentially following
the second programming section.

5. The liquid crystal display apparatus of claim 4, wherein
the second programming section sequentially follows the first
light emitting section.

6. The liquid crystal display apparatus of claim 4, wherein
the backlight unit does not emit light during the first and
second programming section.

7. The liquid crystal display apparatus of claim 4, wherein
the data driving unit writes the data voltage in the pixels of the
first group in a negative direction from the storage common
high voltage level during the first programming section, and
writes the data voltage in the pixels of the second group in a
positive direction from the storage common low voltage level
during the first programming section; and

the data driving unit writes the data voltage in the pixels of

the first group in the positive direction from the storage
common low voltage level during the second program-
ming section, and writes the data voltage in the pixels of
the second group in the negative direction from the stor-
age common high voltage level during the second pro-
gramming section.

8. The liquid crystal display apparatus of claim 1, wherein
the data driving unit supplies the data voltage so as to have a
red (R) sub-frame section in which the data voltage with
respect to R is generated and output, a green (G) sub-frame
section in which the data voltage with respect to G 1s gener-
ated and output, and a blue (B) sub-frame section in which the
data voltage with respect to B is generated and output, in a
time-divisional method.

9. The liquid crystal display apparatus of claim 1, wherein
the pixels of the first group are located on odd-numbered
lines, and the pixels of the second group are located on even-
numbered lines.

10. A method of driving a liquid crystal display apparatus,
which comprises a first group of pixels for displaying an
image and a second group of pixels for displaying an image,
a first storage common voltage line connected to storage
capacitors of the pixels of the first group of pixels, and a
second storage common voltage line connected to storage
capacitors of the pixels of the second group of pixels, the
method comprising:

writing a data voltage in the pixels of the first and second

groups;

supplying a first storage common voltage to the pixels of

the first group through the first storage common voltage
line;
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supplying a second storage common voltage to the pixels
of the second group through the second storage common
voltage line;

transiting the voltage levels of the first and second storage

common voltages; and
emitting light from a backlight unit included in the liquid
crystal display apparatus, wherein in a first program-
ming section during which data voltage is stored in the
storage capacitors of the pixels of the first and second
groups, the first storage common voltage has a storage
common high voltage level and the second storage com-
mon voltage has a storage common low voltage level,
and in a first light emitting section during which the
voltage stored in the storage capacitors of the pixels of
the first and second groups is transited to pixel electrodes
of the pixels of the first and second groups, the first
storage common voltage has the storage common low
voltage level and the second storage common voltage
has the storage common high level.
11. The method of claim 10, further comprising:
performing programming, transiting, and light emitting for
R pixels;

performing programming, transiting, and light emitting for
G pixels; and

performing programming, transiting, and light emitting for
B pixels.

12. The method of claim 10, wherein the backlight unit
emits light during the first light emitting section, the first light
emitting section sequentially following the first programming
section.

13. The method of claim 12, wherein in a second program-
ming section, the first storage common voltage has the stor-
age common low voltage level and the second storage com-
mon voltage has the storage common high level, and in a
second light emitting section, the first storage common volt-
age has the storage common high voltage level and the second
storage common voltage has the storage common low voltage
level, the backlight unit emitting light during the second light
emitting section, the data voltage being stored in the storage
capacitor of the each pixel of the first and second groups
during the second programming section, the second light
emitting section sequentially following the second program-
ming section.

14. The method of claim 13, further comprising:

writing the data voltage in the pixels of the first group in a

negative direction from the storage common high volt-
age level during the first programming section;

writing the data voltage in the pixels of the second group in

a positive direction from the storage common low volt-
age level during the first programming section;

writing the data voltage in the pixels of the first group in the

positive direction from the storage common low voltage
level during the second programming section; and
writing the data voltage in the pixels of the second group in
the negative direction from the storage common high
voltage level during the second programming section.

15. The liquid crystal display apparatus of claim 13,
wherein the second programming section sequentially fol-
lows the first light emitting section.

16. The method of claim 10, wherein the pixels of the first
group are located on odd-numbered lines, and the pixels of
the second group are located on even-numbered lines.
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