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DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2006-0072698 filed in
the Korean Intellectual Property Office on Aug. 1, 2006, the
entire contents of which is incorporated herein by reference.

BACKGROUND
[0002] (a) Technical Field
[0003] The present invention relates to a liquid crystal
display.
[0004] (b) Related Art
[0005] In general, liquid crystal displays include two

display panels having pixel electrodes and a common elec-
trode, and a liquid crystal layer having an anisotropic
dielectric interposed therebetween. The pixel electrodes are
arranged in a matrix and connected to switching devices
such as thin film transistors (TFTs) to sequentially receive
data voltages by rows. The common electrode is disposed
over the entire surface of the display panel and applied with
a common voltage. The pixel electrode, the common elec-
trode, and the liquid crystal layer interposed therebetween
constitute a liquid crystal capacitor. The liquid crystal
capacitor together with the switching element connected
thereto form a pixel.

[0006] Liquid crystal displays may be used to display
images by applying an electric field to a liquid crystal layer
between the two display panels and adjusting the transmit-
tance of light passing through the liquid crystal layer by
controlling the electric field strength. If a one-directional
electric field is applied to the liquid crystal layer for a long
period of time, degradation of the liquid crystal display may
occur. In order to prevent such degradation, the polarities of
the data voltages with respect to the common voltage may be
inverted for each frame, pixel row, or pixel.

[0007] However, in the case of row inversion, the range of
data voltages that may be used for image display is small in
comparison with the range of data voltages that may be used
for pixel inversion (i.e., dot inversion). Therefore, if the
threshold voltage for driving liquid crystals is high, such as
in a vertical alignment (VA) mode liquid crystal display, the
data voltage range used to represent grayscales for display-
ing images may be significantly reduced if a high threshold
voltage is required for driving the liquid crystal. As a result,
desired luminance cannot be obtained.

[0008] In the case of medium-sized or small-sized display
devices such as mobile phones among the liquid crystal
displays, row inversion (e.g., where the polarities of the data
voltages with respect to the common voltage are inverted in
units of a pixel row) may be performed so as to reduce power
consumption. However, since the resolution of the medium-
sized or small-sized display devices is gradually increasing,
the power consumption associated with such devices is also
increasing.

SUMMARY

[0009] According to an embodiment of the present inven-
tion, a display device includes a plurality of gate lines
adapted to transmit a plurality of normal gate signals having
a gate-on voltage and a gate-off voltage, a plurality of data
lines crossing the gate lines and adapted to transmit a
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plurality of data voltages, a plurality of storage electrode
lines substantially parallel to the gate lines and adapted to
transmit a plurality of storage signals, a plurality of pixels
arranged in a matrix having a plurality of rows, wherein each
pixel comprises a switching element connected to one of the
gate lines and one of the data lines, a liquid crystal capacitor
connected to the switching element and a common voltage,
and a storage capacitor connected to the switching element
and one of the storage electrode lines, a plurality of pseudo
gate driving circuits connected to the gate lines and adapted
to generate a plurality of pseudo gate signals based on the
normal gate signals, and a plurality of storage signal gen-
erating circuits connected to the storage electrode lines and
adapted to generate the storage signals based on the pseudo
gate signals. Fach of the storage signal generating circuits is
adapted to apply an associated storage signal to an associ-
ated one of the storage electrode lines after the liquid crystal
capacitor and storage capacitors of an associated row of
pixels have been charged by the data voltages.

[0010] Each of the storage signal generating circuits may
be adapted to change a voltage of its associated storage
signal from a low level to a high level if the data voltages
have a positive polarity, and from the high level to the low
level if the data voltages have a negative polarity.

[0011] The pseudo gate driving circuits may be adapted to
delay the normal gate signals for a predetermined time to
generates the pseudo gate signals. At this time, the prede-
termined time may be about two horizontal periods (2H).
[0012] The common voltage may have a constant voltage.
[0013] The display device may further include a bi-direc-
tional gate driver connected to the gate lines and adapted to
generate the normal gate signals.

[0014] Each pseudo gate driving circuit may include an
input unit adapted to provide an output voltage in response
to a normal gate signal associated with one of the gate lines,
an output unit adapted to provide one of the pseudo gate
signals from a first clock signal based on a state of the output
voltage, a stabilization unit connected to the output unit and
supplied with the gate-off voltage, a second clock signal, and
the output voltage, wherein the stabilization unit is adapted
to stabilize a state of the pseudo gate signal in response to
a state change of the first clock signal, and a reset unit
connected to the stabilization unit and supplied with the
gate-off voltage, a next pseudo gate signal associated with a
next pseudo gate driving circuit next to the pseudo gate
driving circuit, a previous pseudo gate signal associated with
a previous pseudo gate driving circuit previous to the pseudo
gate driving circuit, and the output voltage, wherein the reset
unit is adapted to stabilize a state of the output voltage in
response to the state change of the first clock signal, and
further adapted to reset an operation of the pseudo gate
driving circuit.

[0015] The second clock signal may have a pulse width
substantially the same as the gate-on voltage, and the second
clock signal has a phase difference of about 180 degrees with
respect to the first clock signal.

[0016] The first clock signal and the second clock signal
each may have a high level voltage substantially equal to the
gate-on voltage and a low level voltage substantially equal
to the gate-off voltage.

[0017] The difference between application times of gate-
on voltages of the normal gate signal and the next pseudo
gate signal or the next pseudo gate signal is about two
horizontal periods (2H).
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[0018] The input unit may include a first switching ele-
ment having an input terminal and a control terminal con-
nected to the normal gate signal and an output terminal
adapted to provide the output voltage.

[0019] The output unit may include a second switching
element having an input terminal connected to the first clock
signal, a control terminal connected to the output voltage,
and an output terminal adapted to provide the pseudo gate
signal, and a first capacitor connected to the control terminal
and the output terminal of the second switching element.

[0020] The stabilization unit may include a third switching
element having an input terminal connected to the output
terminal of the second switching element, a control terminal
connected to the second clock signal, and an output terminal
connected to the gate-off voltage; a fourth switching element
having an input terminal connected to the output terminal of
the second switching element and an output terminal con-
nected to the gate-off voltage; a second capacitor connected
to the first clock signal and the control terminal of the fourth
switching element; and a fifth switching element having an
input terminal connected to the control terminal of the fourth
switching element, a control terminal connected to the
output voltage, and an output terminal connected to the
gate-off voltage.

[0021] The reset unit may include a sixth switching ele-
ment having an input terminal connected to the output
voltage, a control terminal connected to the control terminal
of the fourth switching element, and an output terminal
connected to the gate-off voltage, a seventh switching ele-
ment having an input terminal connected to the output
voltage, a control terminal connected to the next pseudo gate
signal, and an output terminal connected to the gate-off
voltage, and an eighth switching element having an input
terminal connected to the output voltage, a control terminal
connected to the previous pseudo gate signal, and an output
terminal connected to the gate-off voltage.

[0022] The display device may be configured to display
images in a plurality of frames, wherein each storage signal
generating circuit is adapted to reverse a voltage level of its
generated storage signal for every frame.

[0023] According to another embodiment of the present
invention, a method of driving a display device is provided.
The display device may include a plurality of pixels
arranged in a matrix having a plurality of rows, wherein each
pixel comprises a switching element connected to one of a
plurality of gate lines and one of a plurality of data lines, a
liquid crystal capacitor connected to the switching element
and a common voltage, and a storage capacitor connected to
the switching element and one of a plurality of storage
electrode lines. The method includes applying a first set of
data voltages to the data lines; generating a first normal gate
signal; applying the first normal gate signal to a first gate line
connected with a first row of pixels; charging the liquid
crystal capacitor and storage capacitors of the first row of
pixels with the first set of data voltages; generating a first
pseudo gate signal based on the first normal gate signal,
generating a first storage signal based on the first pseudo
gate signal; applying the first storage signal to a first storage
electrode line connected with the first row of pixels to
maintain a voltage of the first storage signal on the storage
capacitors of the first row of pixels; and repeating the
preceding operations for a second set of data voltages, a
second normal gate signal, a second pseudo gate signal, a
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second gate line connected with a second row of pixels, a
second storage electrode line, and a second storage signal.

[0024] The generating the first pseudo gate signal may
include delaying the first normal gate signal by a predeter-
mined time, and the generating the second pseudo gate
signal may include delaying the second normal gate signal
by the predetermined time.

[0025] The predetermined time may be about two hori-
zontal periods (2H).

[0026] The method may further include changing the
voltages of the first and second storage signals from a low
level to a high level if the data voltages have a positive
polarity, and from the high level to the low level if the data
voltages have a negative polarity.

[0027] According to another embodiment of the present
invention, a display device includes a plurality of gate lines
adapted to transmit a plurality of normal gate signals having
a gate-on voltage and a gate-off voltage; a plurality of data
lines crossing the gate lines and adapted to transmit a
plurality of data voltages; a plurality of storage electrode
lines substantially parallel to the gate lines and adapted to
transmit a plurality of storage signals; a plurality of pixels
arranged in a matrix having a plurality of rows, wherein each
pixel comprises a switching element connected to one of the
gate lines and one of the data lines, a liquid crystal capacitor
connected to the switching element and a common voltage,
and a storage capacitor connected to the switching element
and one of the storage electrode lines; means for generating
a plurality of pseudo gate signals based on the normal gate
signals; means for generating the storage signals based on
the pseudo gate signals; and means for applying an associ-
ated storage signal to an associated one of the storage
electrode lines after the liquid crystal capacitor and storage
capacitors of an associated row of pixels have been charged
by the data voltages.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] Various embodiments of the present invention will
be described in detail with reference to the accompanying
drawings for clear understanding of advantages of the
present invention, wherein:

[0029] FIG. 1is a block diagram of a liquid crystal display
according to an embodiment of the present invention;
[0030] FIG. 2 is an equivalent circuit diagram of one pixel
in the liquid crystal display according to an embodiment of
the present invention;

[0031] FIG. 3 is a circuit diagram of a signal generating
circuit according to an embodiment of the present invention;
[0032] FIG. 4 is a timing diagram of signals used in the
liquid crystal display including the signal generating circuit
shown in FIG. 3 according to an embodiment of the present
invention.

[0033] FIG. 5is a block diagram of a liquid crystal display
according to an embodiment of the present invention;
[0034] FIG. 6 is a circuit diagram of a pseudo gate signal
generating circuit according to an embodiment of the present
invention;

[0035] FIG. 7 is a circuit diagram of a pseudo gate driving
circuit according to an embodiment of the present invention;
and
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[0036] FIG. 8 is a timing diagram of signals used in the
liquid crystal display including the pseudo gate driving
circuit shown in FIG. 7 according to an embodiment of the
present invention.

DETAILED DESCRIPTION

[0037] The present invention will be described more fully
hereinafter with reference to the accompanying drawings, in
which embodiments of the invention are shown.

[0038] In the drawings, the thickness of layers, films,
panels, regions, etc., are exaggerated for clarity. Like refer-
ence numerals designate like elements throughout the speci-
fication. It will be understood that when an element such as
a layer, film, region, or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may also be present. In contrast, when
an element is referred to as being “directly on” another
element, there are no intervening elements present.

[0039] First, a liquid crystal display according to an
embodiment of the present invention will be described in
detail with reference to FIGS. 1 and 2. FIG. 1 is a block
diagram of a liquid crystal display according to an embodi-
ment of the present invention, and FIG. 2 is an equivalent
circuit diagram of one pixel in the liquid crystal display of
FIG. 1.

[0040] As shown in FIG. 1, a liquid crystal display
includes a liquid crystal (LC) panel assembly 300, a gate
driver 400, a data driver 500 connected to the LC panel
assembly 300, a gray voltage generator 800 connected to the
data driver 500, a storage signal generator 700, and a signal
controller 600 that controls these components

[0041] The LC panel assembly 300 includes a plurality of
signal lines G,-G,,,, G, D;-D,,, and S,-S,,, and a plurality
of pixels PX. As shown in FIG. 2, the LC panel assembly
300 includes lower and upper panels 100 and 200 facing
each other and an LC layer 3 interposed between the panels
100 and 200.

[0042] The signal lines include a plurality of gate lines
G-G,, and G, a plurality of data lines D,-D,,, and a
plurality of storage electrode lines S,-S,,,.

[0043] The gate lines G,-G.,,, and G, include a plurality of
normal gate lines G,-G,,, and an additional gate line G,
transmitting gate signals (also referred to as “scanning
signals” hereinafter). The storage electrode lines S-S, are
alternately connected to the normal gate lines G,-G,,, and
transmit storage signals. The data lines D,-D,, transmit data
voltages.

[0044] The gate lines G,-G,, and G, and the storage
electrode lines S, -S,,, extend substantially in a row direction
and substantially parallel to each other, while the data lines
D,-D,, extend substantially in a column direction and sub-
stantially parallel to each other. As shown in FIG. 1, the
pixels PX are connected to the normal gate lines G,-G,,, and
the data lines D,-D,,, and are arranged substantially in a
matrix.

[0045] Referring to FIG. 2, each pixel PX, for example a
pixel PX connected to the i-th normal gate line G, (i=1, 2, .
-+, 2n) and the j-th data line D, (=1, 2, . . . , m) includes a
switching element Q connected to the signal lines G, and D,
and a liquid crystal capacitor Clc and a storage capacitor Cst
that are connected to the switching element Q.

[0046] The switching element Q may be implemented, for
example as a three terminal element such as a thin film
transistor, and is disposed on the lower panel 100. The

m

Feb. 7,2008

switching element Q has a control terminal connected to the
normal gate line G, an input terminal connected to the data
line D,, and an output terminal connected to the liquid
crystal capacitor Clc and the storage capacitor Cst.

[0047] The liquid crystal capacitor Clc includes a pixel
electrode 191 disposed on the lower panel 100 and a
common electrode 270 disposed on the upper panel 200 as
two terminals. The LC layer 3 interposed between the two
electrodes 191 and 270 functions as a dielectric of the LC
capacitor Cle. The pixel electrode 191 is connected to the
switching element Q, and the common electrode 270 is
disposed on the entire surface of the upper panel 200 and
supplied with a common voltage Vcom. The common volt-
age may include a DC voltage having a predetermined
magnitude. Alternatively, the common electrode 270 may be
disposed on the lower panel 100, and in this case, at least one
of the two electrodes 191 and 270 may be formed in a shape
of a line or a bar.

[0048] The storage capacitor Cst is an auxiliary capacitor
for the LC capacitor Clc. The storage capacitor Cst includes
the pixel electrode 191 and a storage electrode line S, that
overlaps the pixel electrode 191 via an insulator.

[0049] For color display, each pixel may uniquely repre-
sent a primary color (i.e., spatial division) or may represent
the primary colors in turn (i.e., temporal division) such that
a spatial or temporal sum of the primary colors is recognized
as a desired color. An example of a set of the primary colors
includes red, green, and blue colors. FIG. 2 shows an
example of the spatial division in which each pixel includes
a color filter 230 representing one of the primary colors in
an area of the upper panel 200 facing the pixel electrode 191.
Alternatively, the color filter 230 may be provided on or
under the pixel electrode 191 on the lower panel 100.
[0050] One or more polarizers (not shown) are attached to
the LC panel assembly 300.

[0051] Referring to FIG. 1 again, the gray voltage gen-
erator 800 may generate a full number of gray voltages or a
limited number of gray voltages (referred to as “reference
gray voltages” hereinafter) related to the transmittance of the
pixels PX. Some of the (reference) gray voltages have a
positive polarity relative to the common voltage Vcom,
while the other (reference) gray voltages have a negative
polarity relative to the common voltage Vcom.

[0052] The gate driver 400 includes first and second gate
driving circuits 400a and 4004 respectively arranged on both
sides of the liquid crystal panel assembly 300, for example
right and left sides.

[0053] The first gate driving circuit 400a is connected to
ends of the odd-numbered normal gate lines G, G, . . ., and
G,,_, and the additional gate line G, The second gate
driving circuit 4005 is connected to ends of the even-
numbered normal gate lines G,, G, . . ., and G,,. Alter-
natively, the second gate driving circuit 4005 may be con-
nected to ends of the odd-numbered normal gate lines Gy,
G, . .., and G,,_; and the additional gate line G, and the
first gate driving circuit 400a may be connected to ends of
the even-numbered normal gate lines G,, G, . . ., and G,,.
[0054] The first and second gate driving circuits 4004 and
4005 synthesize a gate-on voltage Von and a gate-off voltage
Voff to generate the gate signals for application to the gate
lines G,-G,,, and G .

[0055] The gate driver 400 is integrated into the liquid
crystal panel assembly 300 along with the signal lines
G,-G,,, G4 D-D, and S,-S,, and the switching elements
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Q. In one embodiment, the gate driver 400 may include at
least one integrated circuit (IC) chip mounted on the LC
panel assembly 300 or on a flexible printed circuit (FPC)
film in a tape carrier package (TCP) which is attached to the
panel assembly 300. Alternatively, the gate driver 400 may
be mounted on a separate printed circuit board (not shown).
[0056] The storage signal generator 700 includes first and
second storage signal generating circuits 700a and 7005
arranged on both sides of the liquid crystal panel assembly
300, for example, and adjacent to the first and second gate
driving circuits 400a and 4005.

[0057] The first storage signal generating circuit 700a is
connected to the odd-numbered storage electrode lines S,
Ss, ... ,and S,, | and the even-numbered normal gate lines
G,, Gy, . . ., and G,, and applies storage signals having a
high level voltage and a low level voltage.

[0058] The second storage signal generating circuit 7005
is connected to the even-numbered storage electrode lines
S,, 8., ..., and S, and the odd-numbered normal gate lines
G, . ...and G,,_; (except for the first normal gate line G,
and the additional gate line G,) and applies the storage
signals to the storage electrode lines S,, G, .. ., and S,,.
[0059] Instead of the storage signal generator 700 being
supplied with the signal from the additional gate line G
connected to the gate driver 400, the storage signal generator
700 may be supplied with a signal from a separate unit such
as the signal controller 600 or a separate signal generator
(not shown). In this case, the additional gate line G, is not
necessarily formed on the liquid crystal panel assembly 300.
[0060] The storage signal generator 700 is integrated into
the liquid crystal panel assembly 300 along with the signal
lines G,-G,,, G, D;-D,, and S,-S,, and the switching
elements Q. In one embodiment, the storage signal generator
700 may include at least one integrated circuit (IC) chip
mounted on the LC panel assembly 300 or on a flexible
printed circuit (FPC) film in a tape carrier package (TCP)
which is attached to the panel assembly 300. Alternatively,
the storage signal generator 700 may be mounted on a
separate printed circuit board (not shown).

[0061] The data driver 500 is connected to the data lines
D,-D,, of the panel assembly 300 and applies data voltages,
which are selected from the gray voltages supplied from the
gray voltage generator 800, to the data lines D,-D, . How-
ever, when the gray voltage generator 800 generates only
some reference gray voltages rather than all the gray volt-
ages, the data driver 500 may divide the reference gray
voltages to generate the data voltages from among the
reference gray voltages.

[0062] The signal controller 600 controls the gate driver
400, the data driver 500, and the storage signal generator
700.

[0063] In one embodiment, each of drivers 500, 600, and
800 may include at least one integrated circuit (IC) chip
mounted on the LC panel assembly 300 or on a flexible
printed circuit (FPC) film in a tape carrier package (TCP)
which is attached to the panel assembly 300. Alternatively,
at least one of the drivers 500, 600, and 800 may be
integrated into the panel assembly 300 along with the signal
lines G,-G,,, G, S,-S,,, and D;-D,, and the switching
elements Q. Alternatively, all the drivers 500, 600, and 800
may be integrated into a single IC chip, but at least one of
the drivers 500, 600, and 800 or at least one circuit element
in at least one of the processing units devices 500, 600, and
800 may be disposed out of the single IC chip.
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[0064] Operation of the liquid crystal display is described
below.
[0065] The signal controller 600 receives input image

signals R, G, and B and input control signals for controlling
display thereof from an external graphics controller (not
shown). The input image signals R, G, and B contain
luminance information for pixels PX, and the luminance has
a predetermined number of grays, for example, 1024 (=2'9),
256 (=2%), or 64 (=2°) grays. Examples of the input control
signals are a vertical synchronization signal Vsync, a hori-
zontal synchronization signal Hsync, a main clock signal
MCLK, and a data enable signal DE.

[0066] On the basis of the input control signals and the
input image signals R, G, and B, the signal controller 600
generates gate control signals CONT1, data control signals
CONT?2, and storage control signals CONT3, and it pro-
cesses the image signals R, G, and B suitable for the
operation of the panel assembly 300 and the data driver 500.
The signal controller 600 sends the gate control signals
CONT1 to the gate driver 400, sends the processed image
signals DAT and the data control signals CONT2 to the data
driver 500, and sends the storage control signals CONT3 to
the storage signal generator 700.

[0067] The gate control signals CONT1 include scanning
start signals STV1 and STV2 to start scanning, and at least
one clock signal for controlling the output period of the
gate-on voltage Von. The gate control signals CONT1 may
also include an output enable signal OF for defining a
duration of the gate-on voltage Von.

[0068] The data control signals CONT2 include a hori-
zontal synchronization start signal STH for indicating the
start of data transmission for a row of pixels PX, a load
signal LOAD to apply the data voltages to the data lines D,
to D,,, and a data clock signal HCLK. The data control
signals CONT2 may further include an inversion signal RVS
for reversing the polarity of the data voltages (relative to the
common voltage Vcom).

[0069] Responsive to the data control signals CONT2
from the signal controller 600, the data driver 500 receives
a packet of the digital image signals DAT for the row of the
pixels PX, converts the digital image signals DAT to analog
data voltages selected from the gray voltages, and applies
the analog data voltages to data lines D, to D, .

[0070] The gate driver 400 applies the gate-on voltage Von
to a corresponding normal gate line G,-G,,,, for example an
i-th normal gate line G,, in response to the gate control
signals CONT1 from the signal controller 600, thereby
turning on the switching elements Q that are connected to
the normal gate line G, (except the additional gate line G,
that is not connected to the switching elements Q). The data
voltages applied to the data lines D,-D,, are then supplied to
the pixels PX of the i-th row through the activated switching
transistors Q such that the liquid crystal capacitor Clc and
the storage capacitor Cst in the pixels PX are charged.
[0071] The difference between the data voltage and the
common voltage Vcom applied to a pixel PX is represented
as a voltage across the liquid crystal capacitor Clc of the
pixel PX, which is referred to as a pixel voltage. The LC
molecules in the LC capacitor Clc have orientations depend-
ing on the magnitude of the pixel voltage, and the molecular
orientations determine the polarization of light passing
through the LC layer 3. The polarizer(s) converts light
polarization to light transmittance such that the pixel PX has
a luminance represented by a gray of the data voltage.



US 2008/0030445 A1l

[0072] With the elapse of a horizontal period (also referred
to as “1H” and that is equal to one period of the horizontal
synchronization signal Hsync and the data enable signal
DE), the data driver 500 applies data voltages to pixels PX
of an (i+1)-th row, and then the gate driver 400 changes the
gate signal applied to the i-th normal gate line G, to a gate-off
voltage Voff and changes the gate signal applied to the next
normal gate line G,,, to a gate-on voltage Von.

[0073] Then, the switching elements Q of the i-th row are
turned off such that the pixel electrodes 191 are in a floating
state.

[0074] The storage signal generator 700 changes a voltage
level of a storage signal applied to an i-th storage electrode
line S,, based on the storage control signals CONT3 and the
voltage variation of the gate signal applied to the (i+1)-th
gate line G,, ;. Thereby, a voltage of the pixel electrode 191
connected to one terminal of the storage capacitor Cst is
varied in accordance with the voltage variation of the
storage electrode line S, connected to another terminal of the
storage capacitor Cst.

[0075] By repeating this procedure for all pixel rows, the
liquid crystal display displays an image for a frame.
[0076] When the next frame starts after one frame finishes,
the inversion signal RVS applied to the data driver 500 is
controlled such that the polarity of the data voltages is
reversed (which is referred to as “frame inversion”). In
addition, the polarity of the data voltages applied to pixels
PX of one row is substantially the same, and the polarity of
the data voltages applied to pixels PX of the two adjacent
rows is reversed (for example, row inversion).

[0077] In an embodiment of the present invention that
performs frame inversion and row inversion, the polarity of
all data voltages applied to pixels PX of one row is positive
or negative and is changed by a unit of one frame. At this
time, a storage signal applied to a storage electrode line
S,-S,, is changed from a low level voltage to a high level
voltage when the pixel electrode 191 is charged by a data
voltage of the positive polarity. On the other hand, the
storage signal is changed from a high level voltage to a low
level voltage when the pixel electrode 191 is charged by a
data voltage of the negative polarity. As a result, the voltage
of the pixel electrode 191 increases in a case where the pixel
electrode 191 is charged by a data voltage of the positive
polarity, and decreases in a case where the pixel electrode
191 is charged by a data voltage of the negative polarity. As
aresult, the voltage range of the pixel electrode 191 is wider
than the range of the gray voltages that are the basis of data
voltages such that the luminance range using a low basic
voltage may be increased.

[0078] The first and second storage signal generating
circuits 700a and 7005 may include a plurality of signal
generating circuits 710 connected to the storage electrode
lines S,-S,,, respectively. An example of the signal gener-
ating circuits 710 is described with reference to FIGS. 3 and
4.

[0079] FIG. 3 is a circuit diagram of a signal generating
circuit according to an embodiment of the present invention,
and FIG. 4 shows a timing diagram of signals used in a
liquid crystal display including the signal generating circuit
shown in FIG. 3.

[0080] Referring to FIG. 3, a signal generating circuit 710
includes an input terminal IP and an output terminal OP. In
an i-th signal generating circuit, the input terminal IP is
connected to an (i+1)-th gate line G, to be supplied with an
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(i+1)-th gate signal g,, , (hereinafter, referred to as “an input
signal”), and the output terminal OP is connected to an i-th
storage electrode line S, to output an i-th storage signal Vs,.
Similarly, in an (i+1)-th signal generating circuit, the input
terminal TP is connected to an (i+2)-th gate line G, , to be
supplied with an (i+2)-th gate signal g, , as an input signal,
and the output terminal OP is connected to an (i+1)-th
storage electrode line S,,, to output an (i+1)-th storage
signal Vs,,,.

[0081] The signal generating circuit 710 is supplied with
first, second, and third clock signals CK1, CK1B, and CK2
of the storage control signals CONT3 from the signal
controller 600, and is also supplied with a high voltage
AVDD and a low voltage AVSS from the signal controller
600 or an external device.

[0082] As shown in FIG. 4, the period of the first, second,
and third clock signals CK1, CK1B, and CK2 may be about
2H, and a duty ratio thereof may be about 50%. The first and
second clock signals CK1 and CK1B have a phase difference
of about 180 degrees and are inverted with respect to each
other. The second clock signal CK1B and the third clock
signal CK2 have substantially the same phase. In addition,
the first, second, and third clock signals CK1, CK1B, and
CK2 are reversed by a unit of a frame.

[0083] The first and second clock signals CK1 and CK1B
may have a high level voltage Vh1 of about 15V and a low
level voltage V11 of about OV. The third clock signal CK2
may have a high level voltage Vh2 of about 5V and a low
level voltage V12 of about 0V. The high voltage AVDD may
be about 5V and about equal to the high level voltage Vh2
of the third clock signal CK2, and the low voltage AVSS
may be about 0V and about equal to the low level voltage
V12 of the third clock signal CK2.

[0084] The signal generating circuit 710 includes five
transistors Tr1-Tr5, each having a control terminal, an input
terminal, and an output terminal, and two capacitors C1 and
C2.

[0085] The control terminal of the transistor Trl is con-
nected to the input terminal IP, the input terminal of the
transistor Tr1 is connected to the third clock signal CK2, and
the output terminal of the transistor Trl is connected to the
output terminal OP.

[0086] The control terminals of the transistors Tr2 and Tr3
are connected to the input terminal IP, and the input termi-
nals of the transistors Tr2 and Tr3 are connected to the first
and second clock signals CK1 and CK1B, respectively.
[0087] The control terminals of the transistors Tr4 and TrS
are connected to the output terminals of the transistors Tr2
and Tr3, respectively, and the input terminals of the tran-
sistors Tr4 and Tr5 are connected to the low and high
voltages AVSS and AVDD, respectively.

[0088] The capacitors C1 and C2 are connected between
the control terminals of the transistors Tr4 and Tr5 and the
low and high voltages AVSS and AVDD, respectively.
[0089] In one embodiment, the transistors Tr-Tr5 may be
amorphous silicon transistors or polycrystalline silicon thin
film transistors.

[0090] The operation of the signal generating circuit will
be further described below.

[0091] Referring to FIG. 4, gate-on voltages Von applied
to two adjacent gate lines are overlapped for a time, such as
about 1H. As a result, all the pixels PX of a row are charged
with data voltages that are applied to pixels of an immedi-
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ately previous row for about 1H, and then are charged with
own data voltages for the remaining 1H to normally display
images.

[0092] First, an i-th signal generating circuit will be
described.
[0093] When an input signal, that is, a gate signal g,,,

applied to an (i+1)-th gate line G, , is changed into a gate-on
voltage Von, the first, second, and third transistors Tr1-Tr3
are turned on. The turned-on first transistor Trl transmits the
third clock signal CK2 to the output terminal OP. As a result,
the i-th storage signal Vs, will exhibit a low level voltage V12
of the third clock signal CK2. Meanwhile, the turned-on
transistor Tr2 transmits the first clock signal CK1 to the
control terminal of the transistor Trd4, and the turned-on
transistor Tr3 transmits a second clock signal CK1B to the
control terminal of the transistor Tr5.

[0094] Since the first and second clock signals CK1 and
CK1B exhibit an inverse relationship, the transistors Tr4 and
Tr5 are operated in reverse. That is, when the transistor Tr4
is turned on, the transistor Tr5 is turned off, and on the
contrary, when the transistor Tr4 is turned off, the transistor
Tr5 is turned on. When the transistor Tr4 is turned on and the
transistor Tr5 is turned off, a low voltage AVSS is transmit-
ted to the output terminal OP, and when transistor Tr4 is
turned off and the transistor Tr5 is turned on, a high voltage
AVDD is transmitted to the output terminal OP.

[0095] Gate signal g, , exhibits to gate on voltage Von, for
example, for about 2H. The first half of about 1H is denoted
by the first period T1 and the second half of about 1H is
denoted as the latter period T2.

[0096] Since for the first period T1 the first clock signal
CK1 maintains a high voltage Vh1 and the second and third
clock signals CK1B and CK2 maintain low voltages V11 and
V12, respectively, the output terminal OP to which the low
voltage V12 of the third clock signal CK2 is transmitted by
the transistor Trl is supplied with the low voltage AVSS. As
a result, the storage signal Vs; maintains the low level
voltage V- having a magnitude equal to that of the low
voltage V12 and the low voltage AVSS. Also during the first
period T1, a voltage between the high level voltage Vh1 of
the first clock signal CK1 and the low voltage AVSS is
charged into the capacitor C1, and a voltage between the low
level voltage V11 of the second clock signal CK1B and the
high voltage AVDD is charged into the capacitor C2.
[0097] Since for the latter period T2 the first clock signal
CK1 maintains the low level voltage V11, and the second
and third clock signals CK1B and CK2 maintain the high
level voltages Vh1 and Vh2, respectively, the transistor Tr5
is turned on and the transistor Tr4 is turned off, opposite to
the first period T1.

[0098] As aresult, the output terminal OP is supplied with
the high level voltage Vh2 of the third clock signal CK2
transmitted through the turned-on transistor Tr1 such that a
state of the storage signal Vs, is changed from the low level
voltage V-to a high level voltage V+ having a magnitude
equal to that of the high level voltage Vh2. In addition, the
output terminal Op is supplied with the high voltage VADD
applied through the turned-on transistor TrS, which has a
magnitude equal to that of the high level voltage V+.
[0099] Meanwhile, since the voltage charged into the
capacitor C1 is substantially the same as the difference
between the low level voltage V11 of the first clock signal
CK1 and the low voltage VASS, the capacitor C1 is dis-
charged when the low level voltage V11 of the first clock
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signal CK1 and the low voltage VASS are the same. Since
the voltage charged into the capacitor C2 is substantially the
same as the difference between the high level voltage Vhl
of the second clock signal CK1B and the high voltage
VADD, the voltage charged into the capacitor C2 is not 0V
when the high level voltage Vh1 and the high voltage AVDD
are different from each other. As described above, when the
high level voltage Vh1 of the second clock signal CK1B is
about 15V and the high voltage AVDD is about 5V, a voltage
of about 10V is charged into the capacitor C2.

[0100] When the state of the gate signal g,,, is changed
from the gate-on voltage Von to the gate-off voltage Voff
after the latter period T2 elapses, the transistors Tr1-Tr3 are
turned off. As a result, the electrical connection between the
transistor Trl and the output terminal OP will be isolated.
The control terminals of the transistors Tr4 and Tr5 will also
be isolated.

[0101] Since the capacitor C1 is not charged, the transistor
TR4 remains in a turned-off state. However, the voltage
between the high level Vh1 of'the second clock signal CK1B
and the high voltage AVDD has been charged into the
capacitor C2. At this time, when the charged voltage is larger
than a threshold voltage of the transistor Tr5, the transistor
Tr5 remains in a turned-on state. As a result, the high voltage
AVDD is provided to the output terminal OP as a storage
signal Vs,. Accordingly, the storage signal Vs, maintains the
high level voltage V+.

[0102] Next, the operation of the (i+1)-th signal generat-
ing circuit will be described.

[0103] When an (i+2)-th gate signal g,,, having a gate-on
voltage Von is applied to the (i+1)-th signal generating
circuit (not shown), the (i+1)-th signal generating circuit is
operated.

[0104] As shown in FIG. 4, when the (i+2)-th gate signal
2., switches to the gate-on voltage Von, the states of the
first, second, and third clock signals CK1, CK1B, and CK2
are reversed such that the (i+1)-th gate signal g;,, has a
gate-on voltage Von.

[0105] That is, the operation for the first gate-on voltage
period T1 of the (i+2)-th gate signal g, , is the same as that
of the latter gate-on period T2 of the (i+1)-th gate signal g, ,
such that the transistors Trl, Tr3, and Tr5 are turned on.
Accordingly, the high level voltage Vh2 of the third clock
signal CK2 and the high voltage AVDD are applied to the
output terminal OP. As a result, the storage signal Vs, will
be at a high level voltage V+.

[0106] However, the operation for the latter gate-on volt-
age period T2 of the (i+2)-th gate signal g,, , is the same as
that of the first gate-on period T1 of the (i+1)-th gate signal
;. such that the transistors Trl, Tr2, and Tr4 are turned on.
Accordingly, the low level voltage V12 of the third clock
signal CK2 and the low voltage AVSS are applied to the
output terminal OP, and the storage signal Vs,, , is changed
from the high level voltage V+ to the low voltage V-.
[0107] As described above, the transistor Trl may apply
the third clock signal CK2 as a storage signal while an input
signal maintains the gate-on voltage Von, and the remaining
transistors Tr2-Tr5 may maintain a state of the storage signal
until the next frame using the capacitors C1 and C2 when the
output terminal OP is isolated from the output terminal of
the transistor Trl by the gate-off voltage Voff of the input
signal. That is, the transistor Tr1 may apply a storage signal
to a corresponding storage electrode line, and the remaining
transistors Tr2-Tr5 may uniformly maintain the storage
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signal. In one embodiment, the size of the transistor Trl is
much larger than that of the transistors Tr2-Tr5.

[0108] The pixel electrode voltage Vp may increase or
decrease in response to the voltage variation of the storage
signal Vs. Hereinafter, each of the capacitors and the capaci-
tance thereof are denoted by the same reference characters.
[0109] The pixel electrode voltage Vp is obtained by the
following Equation 1:

[0110] In Equation 1, V, is a data voltage, Clc and Cst
represent the capacitance of an LC capacitor and a storage
capacitor, respectively, V+ represents a high level voltage of
a storage signal Vs, and V- represents a low level voltage of
a storage signal Vs. As shown in Equation 1, the pixel
electrode voltage Vp is defined by adding or subtracting a
variation amount A, which is defined by the capacitances Clc
and Cst of the LC capacitor and the storage capacitor,
respectively, and the voltage variation of the storage signal
Vs from the data voltage V..

[0111]  Accordingly, by adding the voltage variation of the
storage signal Vs to or subtracting it from a data voltage V ,,
the pixel electrode voltage Vp increases by the voltage
variation when a pixel has been charged with a data voltage
of the positive polarity, and, on the contrary, the pixel
electrode voltage Vp decreases by the voltage variation
when a pixel has been charged with a data voltage of the
negative polarity. As a result, the variation of a pixel voltage
becomes wider than the range of a gray voltage by the
increased or decreased pixel electrode voltage Vp such that
the range of the represented luminance also increases.
[0112] In addition, since the common voltage is fixed to a
constant voltage, the power consumption is reduced in
comparison with a case where the high and lower voltages
are alternately applied.

[0113] According to an embodiment of the present inven-
tion, after the common voltage is fixed at a predetermined
voltage, the storage signals are applied to the storage elec-
trode lines. The voltage levels of the storage signals may be
changed in a predetermined period. As a result, since a range
of the pixel electrode voltage is widened, a range of the pixel
voltage is also widened. Since a range of voltage for
representing grays is widened, image quality can be
improved.

[0114] In a case where data voltages having the same
magnitude are applied, a wider range of pixel voltages can
be generated in response to changes in storage signal voltage
levels than in a case where a constant storage signal is
applied. As a result, the range of data voltages may be
reduced, thereby also reducing power consumption. In addi-
tion, since the common voltage is fixed at a constant voltage,
power consumption can be further reduced.

[0115] Referring to FIGS. 5 to 8, a liquid crystal display
according to an embodiment of the present invention will be
described. FIG. 5 is a block diagram of a liquid crystal
display according to an embodiment of the present inven-
tion, FIG. 6 is a circuit diagram of a pseudo gate signal
generating circuit according to an embodiment of the present
invention, FIG. 7 is a circuit diagram of a pseudo gate
driving circuit according to an embodiment of the present
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invention, and FIG. 8 is a timing diagram of signals used in
the liquid crystal display including the pseudo gate driving
circuit shown in FIG. 7.

[0116] It will be appreciated that the liquid crystal display
shown in FIG. 5 has similarities with the liquid crystal
display of FIG. 1. Accordingly, elements in FIG. 5 perform-
ing the same operations as those in FIG. 1 are indicated with
the same reference numerals, and need not be further
described below.

[0117] Referring to FIG. 5, the liquid crystal display of
this embodiment includes a gate driver 401 connected to
normal gate lines G,-G,,,, a data driver 500 connected to
data lines D,-D, , a storage signal generator 701 connected
to storage electrode lines S-S, , a gray voltage generator
800 connected to the data driver 500, and a signal controller
601 connected to the gate driver 401 and the data driver 500.
[0118] However, the gate driver 401 of this embodiment is
a bi-directional gate driver in which a scanning direction of
the normal gate lines G,-G,,, is changed based on a selection
signal from an external device. That is, based on a state of
the selection signal, the gate driver 401 sequentially trans-
mits a gate-on voltage Von in a forward direction, that is,
from the first normal gate line G, to the final normal gate line
G,,, or in a reverse direction, that is, from the final normal
gate line G, to the first normal gate line G,. For the
bi-directional driving of the gate driver 401, the liquid
crystal display may further include a selection switch (not
shown), that outputs the selection signal having a state
defined by the selection of a user, and the signal controller
601 may transmit the selection signal through the gate
control signals CONT1 to control the scanning direction of
the gate driver 401.

[0119] Referring to FIG. 5, the storage signal generator
701 includes first and second storage signal generating
circuits 701a and 7015. However, unlike in FIG. 1, the first
storage signal generating circuit 7014 is connected to even-
numbered storage electrode lines S,, S,, . . ., S,,, and the
second storage signal generating circuit 7015 is connected to
odd-numbered storage electrode lines S, S5, .. ., S,, ;.
Compared with the first and second storage signal generat-
ing circuits 700a and 7005 shown in FIG. 1, the first and
second storage signal generating circuits 701a and 7015
shown in FIG. 5 have substantially the same construction,
except for the connection relationship to the storage elec-
trode lines S,-S,,. However, the connection relationship
between the storage electrode lines S,-S,, and the first and
second storage signal generating circuits 701a and 7015 is
not limited to the particular embodiment shown in FIG. 5
and may be changed if desired.

[0120] Furthermore, unlike in FIG. 1, the liquid crystal
display of the embodiment shown in FIG. 5 further includes
a pseudo gate signal generator 720 connected to the normal
gate lines G,-G,,, and the storage signal generator 701. The
pseudo gate signal generator 720 includes first and second
pseudo gate signal generating circuits 720a and 7205 con-
nected to the first and second storage signal generating
circuits 701a and 7015, respectively.

[0121] The first pseudo gate signal generating circuit 720a
is connected to odd-numbered normal gate lines G, G, . .
., and G,,_; and the first storage generating circuit 701a.
The first pseudo gate signal generating circuit 720a trans-
mits pseudo gate signals having a gate-on voltage Von and
a gate-off voltage Voff to the input terminals 1P of the first
storage signal generating circuit 700a. The second pseudo
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gate signal generating circuit 7205 is connected to even-
numbered normal gate lines G,, Gy, . . ., and G,,, and the
second storage generating circuit 7015. The second pseudo
gate signal generating circuit 7205 transmits the pseudo gate
signals to the input terminals IP of the second storage signal
generating circuit 7005.

[0122] For the operations of the first and second pseudo
gate signal generating circuits 720a and 7205, the signal
controller 601 further generates pseudo gate control signals
CONT4a and CONT4b. The pseudo gate signal generator
720 may be integrated into the LC panel assembly 300. In
one embodiment, the pseudo gate signal generator 720 may
include at least one integrated circuit (IC) chip mounted on
the LC panel assembly 300 or on a flexible printed circuit
(FPC) film in a tape carrier package (TCP) which are
attached to the panel assembly 300. Alternatively, the
pseudo gate signal generator 720 may be mounted on a
separate printed circuit board (not shown).

[0123] As shown in FIG. 6, the first and second pseudo
gate signal generating circuits 720a and 7205 are supplied
with fourth, fifth, sixth, and seventh clock signals CK3,
CK3B, CK4, and CK4B of the pseudo gate control signals
CONT4a and CONT4b, and a gate-off voltage Voff. That is,
the first pseudo gate signal generating circuit 720a is sup-
plied with the fourth and fifth clock signals CK3 and CK3B
of the pseudo gate control signals CONT4a, and the second
pseudo gate signal generating circuit 7205 is supplied with
the sixth and seventh clock signals CK4 and CK4B of the
pseudo gate control signals CONT44. The first and second
pseudo gate signal generating circuits 720a and 7206 each
include a plurality of pseudo gate driving circuits 730. The
pseudo gate driving circuits 730 are connected to the signal
generating circuits 710 of the first and second storage signal
generating circuits 701a and 7015, respectively.

[0124] Referring to FIG. 6, each of the pseudo gate driving
circuits 730 includes an input terminal IN, clock terminals
CK and CKB, reset terminals R1 and R2, a gate voltage
terminal GV, and an output terminal OUT.

[0125] As described above, each of the pseudo gate driv-
ing circuits 730 of the first pseudo gate signal generating
circuit 720a is supplied with an odd-numbered gate signal
2,85 ...,and g, , and each of the pseudo gate driving
circuits 730 of the second pseudo gate signal generating
circuit 7205 is supplied with an even-numbered gate signal
Lo B4y - - - and Lone

[0126] For example, in an i-th (in this example, 1 is an odd
number) pseudo gate driving circuit 730 included in the first
pseudo gate signal generating circuit 720a, the input termi-
nal IN is connected to an i-th normal gate line G, to be
supplied with an i-th gate signal g,, the reset terminal R1 is
connected to an (i+2)-th pseudo gate signal generating
circuit 720a to be supplied with an (i+2)-th pseudo gate
signal Pg,.,, and the reset terminal R2 is connected to an
(i-2)-th pseudo gate signal generating circuit 720a to be
supplied with an (i-2)-th pseudo gate signal Pg, ,. The clock
terminals CK and CKB are supplied with the fourth and fifth
clock signals CK3 and CK3B, respectively, and the output
terminal OUT is connected to the input terminal IP of an i-th
signal generating circuit 710 of the storage signal generator
701 that is connected to an i-th storage electrode line S,. Like
the above description, in an (i+1)-th pseudo gate driving
circuit 730 included in the second pseudo gate signal gen-
erating circuit 7205, the input terminal IN is connected to an
(i+1)-th normal gate line G, | to be supplied with an (i+1)-th
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gate signal g, ., the reset terminal R1 is connected to an
(i+3)-th pseudo gate signal generating circuit 7206 to be
supplied with an (i+3)-th pseudo gate signal Pg,, 5, and the
reset terminal R2 is connected to an (i-3)-th pseudo gate
signal generating circuit 7205 to be supplied with an (i-3)-th
pseudo gate signal Pg, 5. The clock terminals CK and CKB
are supplied with the sixth and seventh clock signals CK4
and CK4B, respectively, and the output terminal OUT is
connected to the input terminal IP of an (i+1)-th signal
generating circuit 710 of the storage signal generator 701
that is connected to an (i+1)-th storage electrode line S,_,.

[0127] However, the reset terminals R2 of the first pseudo
gate driving circuits 730 of the first and second pseudo gate
signal generating circuits 720a and 7205 are connected to
dummy signals DS11 and DS12 instead of the pseudo gate
signals, respectively, and the reset terminals R1 of the final
pseudo gate driving circuits 730 of the first and second
pseudo gate signal generating circuits 720a and 7205 are
connected to dummy signals DS21 and DS22, respectively.
The dummy signals DS1, DS12, DS21, D322 may be
generated in the signal controller 601 based on the scanning
start signals. Alternatively, the dummy signals DS11, DS12,
DS21, and DS22 may be supplied by the gate driver 401
through additional gate lines that are connected to the gate
driver 401.

[0128] Referring to FIG. 8, the clock signals CK3, CK3B,
CK4, and CK4B include a high level voltage Vh3 and a low
level voltage V13. The high level voltage Vh3 may be the
same as a gate-on voltage Von, and the low level voltage V13
may be the same as a gate-off voltage Voff. Furthermore, the
pulse width of the clock signals CK3, CK3B, CK4, and
CK4B is substantially the same as the pulse width of a
gate-on voltage Von, and the clock signals CK3, CK3B,
CK4, and CK4B have a period of about 4H and a duty ratio
of about 50%. The clock signals CK3 and CK3B, and the
clock signals CK4 and CK4B have a phase difference of
about 180 degrees with respect to each other, and therefore
are inverted with respect to each other. The clock signals
CK3 and CK4 have a phase difference of about 90° with
respect to each other.

[0129] Referring to FIG. 7, each of the pseudo gate driving
circuits 730 include a plurality of transistors Q1-Q8 each of
which includes a control terminal, an input terminal, and an
output terminal, and two capacitors Cc and Cb. The tran-
sistors Q1-Q8 are illustrated in FIG. 7 as NMOS transistors,
but may be implemented as PMOS transistors. The capaci-
tance Cc and Cb may be parasitic capacitance occurring
between a gate terminal and drain/source terminals in manu-
facturing.

[0130] The input terminal of the transistor Q1 is connected
to the clock terminal CK, and the output terminal of the
transistor Q1 is connected to the output terminal OUT.
[0131] The input and control terminals of the transistor Q2
are connected to the input terminal IN, and the output
terminal of the transistor Q2 is connected to the control
terminal of the transistor Q1 via a node nl.

[0132] The input terminal of the transistor Q3 is connected
to the output terminal of the transistor 2 through the node
nl, the control terminal of the transistor Q3 is connected to
the reset terminal R1, and the output terminal of the tran-
sistor Q3 is connected to the gate voltage terminal GV.
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[0133] The input terminal of the transistor Q4 is connected
to the output terminal of the transistor Q2 through the node
nl, and the output terminal of the transistor Q4 is connected
to the gate-off voltage Voff.

[0134] The input terminal of the transistor Q5 is connected
to the output terminal of the transistor Q1, the control
terminal of the transistor Q3 is connected to the control
terminal of the transistor Q4, and the output terminal of the
transistor Q5 is connected to the gate-off voltage Voff.
[0135] The input terminal of the transistor Q6 is connected
to the output terminal of the transistor Q1, the control
terminal of the transistor Q6 is connected to the clock
terminal CKB, and the output terminal of the transistor Q6
is connected to the gate voltage terminal GV.

[0136] The input terminal of the transistor Q7 is connected
to the control terminals of the transistors Q4 and Q5 through
a node n2, the control terminal of the transistor Q7 is
connected to the output terminal of the transistor Q2 through
the node nl, and the output terminal of the transistor Q7 is
connected to the gate voltage terminal GV.

[0137] Theinput terminal of the transistor Q8 is connected
to the output terminal of the transistor Q2 through a node nl,
the control terminal of the transistor Q8 is connected to the
reset terminal R2, and the output terminal of the transistor
Q8 is connected to the gate voltage terminal GV.

[0138] The capacitor Cc is connected to the third clock
signal CK2 and the node n2, and the capacitor Cb is
connected to the node n1 and the output terminal OUT.
[0139] The operation of the pseudo gate driving circuit
730 will now be described, initially when the scanning
direction of the gate driver 401 defined by the state of the
selection signal is the forward direction. It is assumed that
the transistors Q1-Q8 are initially turned on or off by the
gate-on voltage Von or the gate-off voltage Voff.

[0140] First, the operation of an i-th pseudo gate driver
730 circuit will be described. When the fourth clock signal
CK3 is changed from a high level voltage Vh2 to a low level
voltage V13, and voltage levels of the fifth clock signal
CK3B and a gate signal g, applied to the input terminal IN
are changed from a gate-off voltage Voff to a gate-on voltage
Von, the transistors Q2 and Q6 are turned on. Hence, the
gate-on voltage Von is transmitted to the node nl through the
transistor Q2, and thereby the transistors Q4 and Q5 are
turned off. At this time, since a voltage level of an (i+2)-th
pseudo gate signal Pg,,, is the gate-off voltage Voff, the
transistor Q3 maintains a turned-off state. Meanwhile, the
output terminal OUT outputs the gate-off voltage Voff to the
input terminal IP of the i-th signal generating circuit 710
through the two turned-on transistors Q1 and Q6 as an i-th
pseudo gate signal Pg,.

[0141] At this time, the capacitor Cb is charged with the
voltage corresponding to the difference between the gate-on
voltage Von and the gate-off’ voltage Voff. The state of the
node n2 maintains a low level voltage by the low level
voltage V13 of the fourth clock signal CK3.

[0142] Next, when voltage levels of the i-th gate signal g,
and the fifth clock signal CK3B are changed to the gate-off
voltage Voff and the low level voltage V13, respectively, and
the fourth clock signal CK3 transitions from the low level
voltage V13 to the high level voltage Vh3, the transistors Q2
and Q6 are turned off. At this time, since the pseudo gate
signal Pg,,, maintains the low level, the transistor Q3
maintains a turned-off state as well. As the transistor Q2 is
turned off, the node nl is disconnected from the i-th gate
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signal g, and comes to be in a floating state. Accordingly, the
transistors Q1 and Q7 maintain a turned-on state to apply the
gate-off voltage to the node n2, and thereby the transistors
Q4 and Q5 each maintain a turned-off state. Since the
transistors Q5 and Q6 both enter a turned-off state, the
gate-off voltage Voff transferred to the output terminal OUT
is disconnected. Since the transistor Q1 maintains a turned-
on state, only the gate-on voltage Von, which is the high
level voltage Vh3 of the clock signal CK3, is transferred to
the output terminal OUT and outputted. At this time, since
the capacitor Cb maintains a constant voltage, as the voltage
of the output terminal OUT increases to the gate-on voltage
Von, the voltage of the node n1 in the floating state exhibits
a corresponding increase in voltage.

[0143] The capacitor Cc is charged with the voltage cor-
responding to the difference between the gate-on voltage
Von of the fourth clock signal CK3 and the gate-off voltage
Voff, which is a voltage of the node n2. Hence, the node n2
maintains the low voltage such that the transistor Q5 main-
tains the turned-off state. Accordingly, the stable output of
the gate-on voltage Von to the output terminal OUT is
maintained.

[0144] When the fourth clock signal CK3 is shifted to the
low level voltage V13, and the fifth clock signal CK3B and
the pseudo gate signal Pg,,, are shifted to the high level
voltage Vh3 and the gate-on voltage, respectively, the tran-
sistors Q3 and Q6 are turned on. At this time, since the gate
signal g, maintains the gate-off voltage Voff, the transistor
Q2 maintains a turned-off state. As the transistor Q3 is
turned on, the gate-off voltage Voff is transferred to the node
nl, thereby turning off the transistors Q1 and Q7.

[0145] When the transistor Q7 is turned off, the node n2
enters into the floating state, At this time, since the capacitor
Cc maintains a constant voltage, as the fourth clock signal
CK3 is shifted to the low level voltage V13, the voltage of
the node n2 drops below the gate-off voltage Voff. However,
if the voltage of the node n2 drops below the gate-off voltage
Voff, the transistor Q7 is turned on again to transfer the
gate-off voltage Voff to the node n2. Thus, in the final
equilibrium state, the voltage of the node n2 is almost the
same as the gate-off voltage Voff. Subsequently, the transis-
tors Q4 and Q3 continuously maintain the turned-off state.
[0146] In the meantime, since the transistor Q1 is turned
off and the transistor Q6 is turned on, the gate-off voltage
Voff is transferred to the output terminal OUT, and the
capacitor Cb is discharged.

[0147] Thereafter, only the fourth and fifth clock signals
CK3 and CK3B repeat the high level voltage Vh3 and the
low level Voltage V13. However, a level change of the fourth
clock signal CK3 periodically turns the transistor Q5 on and
off, and a level change of the fifth clock signal CK3B
periodically turns the transistor Q6 on and off. Accordingly,
since the gate-off voltage Voff is continuously applied to the
output terminal OUT, the voltage level of the output terminal
OUT uniformly maintains the gate-off voltage Voff regard-
less of the change of the fourth clock signal CK3. Further-
more, when the fourth clock signal CK3 is the high level
voltage Vh3, the transistor Q6 is turned on, and the node nl
is thereby supplied with the gate-off voltage Voff. Hence, the
state of the node nl is uniformly the gate-off voltage Voff.
[0148] In this case, the reset terminal R2 connected to the
control terminal of the transistor Q8 is supplied with the
previous gate signal g,_, of the gate-off voltage Voff, thereby
maintaining the turned-off state.
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[0149] As shown in FIG. 8, in the i-th pseudo gate driving
circuit 730, the application time of the gate-on voltage Von
of the normal gate signal g, applied to the input terminal IN
and the application time of the gate-on voltage Von of the
pseudo gate signal Pg, from the output terminal OUT have
the difference of about 2H. Hence, the pseudo gate signal Pg,
is substantially the same as an (i+2)-th gate signal g, ., and
the pseudo gate signal Pg,,, from the (i+1)-th pseudo gate
driving circuit 730 is substantially the same as an (i+3)-th
gate signal g, ..

[0150] However, when the scanning direction defined by
the state of the selection signal is the reverse direction, the
i-th pseudo gate driving circuit 730 generates the i-th pseudo
gate signal Pg, by the operations of the transistors Q1, Q2,
and Q4-Q7 and the capacitors Cc and Cb as described above,
thereby outputting to the i-th signal generating circuit 710
through the output terminal OUT. However, unlike the case
of the forward direction, the transistor Q8 to which the
pseudo gate signal Pg,_, is applied takes the place of the
function of the transistor Q3 to which the pseudo gate signal
Pg,., is applied.

[0151] As described above, instead of the storage signal
generator 700 and the gate lines G,-G,,, and G, being
directly connected as shown in FIG. 1, the LCD of this
embodiment further includes the pseudo gate signal genera-
tor that generates pseudo gate signals substantially equal to
the gate signals. Advantageously, the pseudo gate signal
generator may be used to provide bi-directional gate driving
in this embodiment without a separate selection circuit such
as a multiplexer. This embodiment may also provide the
advantages of the embodiment referred to in FIGS. 1 to 4.
[0152] That is, when the gate driver is implemented as a
bi-directional gate driver with a separate selection circuit
(e.g., a multiplexer) that selects one of the previous and next
gate signals, the selection circuit can cause manufacturing
difficulties. However, the pseudo gate signal generator
described above may be integrated into the LC panel assem-
bly 301 along with the signal lines G,-G,, D,-D,,, and S,-S,,
and thereby the pseudo gate signals applied as the input
signals of the storage signal generator are directly generated.
As aresult, the storage signal generator may be implemented
in the LCD using the bi-directional gate driver.

[0153] Advantageously, the pseudo gate signal generator
may be manufactured using transistors of a smaller size than
those of the gate driver such that redundancy of the LCD is
not largely influenced.

[0154] In the embodiments described above, the gate
drivers 400 and 401 and the storage signal generators 700
and 701 are disposed at both sides of the L.C panel assem-
blies 300 and 301, respectively. However, it will be appre-
ciated that embodiments in accordance with the present
invention are not limited thereto. In this regard, a gate driver
and a storage signal generator may alternatively be disposed
on one side of the LC panel assemblies 300 and 301 may be
used. In this case, the number of pseudo gate signal gen-
erators connected to the storage signal generator may be one.
[0155] According to an embodiment of the present inven-
tion, two adjacent gate-on voltages overlap for a predeter-
mined period, but the storage signal generator may be used
in a case that two adjacent gate-on voltages do not overlap.
In this case, the pseudo gate signal generator may control the
pulse width of the fourth and fifth pulse signals and the sixth
and seventh pulse signals to generate pseudo gate signals
applied to the storage signal generator.
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[0156] According to another embodiment of the present
invention, after the common voltage is fixed to be a prede-
termined voltage, the storage signals of which levels are
changed in a predetermined period are applied to the storage
electrode lines. Thereby, since a range of the pixel electrode
voltage is widened, a range of the pixel voltage is also
widened. Since a range of voltage for representing grays is
widened, image quality can be improved.

[0157] Furthermore, in a case where the data voltages
having the same magnitude are applied, a wide range of
pixel voltages can be generated in comparison with imple-
mentations where a constant storage signal is applied. As a
result, power consumption may be reduced. In addition,
because the common voltage may be fixed to be a constant
value, power consumption can be further reduced.

[0158] Advantageously, an LCD having the bi-directional
gate driver and the storage signal generator may be imple-
mented without a separate selection circuit.

[0159] While this invention has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood by those ordinarily
skilled in the art that the invention is not limited to the
disclosed embodiments, but, on the contrary, is intended to
cover various modifications and equivalent arrangements
included within the spirit and scope of the appended claims.

What is claimed is:

1. A display device comprising:

a plurality of gate lines adapted to transmit a plurality of
normal gate signals having a gate-on voltage and a
gate-off voltage;

a plurality of data lines crossing the gate lines and adapted
to transmit a plurality of data voltages;

a plurality of storage electrode lines substantially parallel
to the gate lines and adapted to transmit a plurality of
storage signals;

a plurality of pixels arranged in a matrix having a plurality
of rows, wherein each pixel comprises a switching
element connected to one of the gate lines and one of
the data lines, a liquid crystal capacitor connected to the
switching element and a common voltage, and a stor-
age capacitor connected to the switching element and
one of the storage electrode lines;

a plurality of pseudo gate driving circuits connected to the
gate lines and adapted to generate a plurality of pseudo
gate signals based on the normal gate signals; and

a plurality of storage signal generating circuits connected
to the storage electrode lines and adapted to generate
the storage signals based on the pseudo gate signals,
wherein each of the storage signal generating circuits is
adapted to apply an associated storage signal to an
associated one of the storage electrode lines after the
liquid crystal capacitor and storage capacitors of an
associated row of pixels have been charged by the data
voltages.

2. The display device of claim 1, wherein each of the
storage signal generating circuits is adapted to change a
voltage of its associated storage signal from a low level to
a high level if the data voltages have a positive polarity, and
from the high level to the low level if the data voltages have
a negative polarity.

3. The display device of claim 2, wherein the pseudo gate
driving circuits are adapted to delay the normal gate signals
for a predetermined time to generate the pseudo gate signals.
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4. The display device of claim 3, wherein the predeter-
mined time is about two horizontal petiods (2H).

5. The display device of claim 4, wherein the common
voltage is a constant voltage.

6. The display device of claim 5, further comprising a
bi-directional gate driver connected to the gate lines and
adapted to generate the normal gate signals.

7. The display device of claim 5, wherein each pseudo
gate driving circuit comprises:

an input unit adapted to provide an output voltage in
response to a normal gate signal associated with one of
the gate lines;

an output unit adapted to provide one of the pseudo gate
signals from a first clock signal based on a state of the
output voltage;

a stabilization unit connected to the output unit and
supplied with the gate-off voltage, a second clock
signal, and the output voltage, wherein the stabilization
unit is adapted to stabilize a state of the pseudo gate
signal in response to a state change of the first clock
signal; and

a reset unit connected to the stabilization unit and sup-
plied with the gate-off voltage, a next pseudo gate
signal associated with a next pseudo gate driving circuit
next to the pseudo gate driving circuit, a previous
pseudo gate signal associated with a previous pseudo
gate driving circuit previous to the pseudo gate driving
circuit, and the output voltage, wherein the reset unit is
adapted to stabilize a state of the output voltage in
response to the state change of the first clock signal,
and further adapted to reset an operation of the pseudo
gate driving circuit.

8. The display device of claim 7, wherein the second clock
signal has a pulse width substantially the same as the gate-on
voltage, and the second clock signal has a phase difference
of about 180 degrees with respect to the first clock signal.

9. The display device of claim 7, wherein the first clock
signal and the second clock signal each have a high level
voltage substantially equal to the gate-on voltage and a low
level voltage substantially equal to the gate-off voltage.

10. The display device of claim 7, wherein a difference
between application times of gate-on voltages of the normal
gate signal and the next pseudo gate signal or the next
pseudo gate signal is about two horizontal periods (2H).

11. The display device of claim 7, wherein the input unit
comprises a first switching element having an input terminal
and a control terminal each connected to the normal gate
signal, and an output terminal adapted to provide the output
voltage.

12. The display device of claim 11, wherein the output
unit comprises:

a second switching element comprising an input terminal
connected to the first clock signal, a control terminal
connected to the output voltage, and an output terminal
adapted to provide the pseudo gate signal; and

a first capacitor connected to the control terminal and the
output terminal of the second switching element.

13. The display device of claim 11, wherein the stabili-

zation unit comprises:

a third switching element comprising an input terminal
connected to the output terminal of the second switch-
ing element, a control terminal connected to the second
clock signal, and an output terminal connected to the
gate-off voltage;
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a fourth switching element comprising an input terminal
connected to the output terminal of the second switch-
ing element and an output terminal connected to the
gate-off voltage;

a second capacitor connected to the first clock signal and
the control terminal of the fourth switching element;
and

a fifth switching element comprising an input terminal
connected to the control terminal of the fourth switch-
ing element, a control terminal connected to the output
voltage, and an output terminal connected to the gate-
off voltage.

14. The display device of claim 11, wherein the reset unit

comprises:

a sixth switching element comprising an input terminal
connected to the output voltage, a control terminal
connected to the control terminal of the fourth switch-
ing element, and an output terminal connected to the
gate-off voltage;

a seventh switching element comptrising an input terminal
connected to the output voltage, a control terminal
connected to the next pseudo gate signal, and an output
terminal connected to the gate-off voltage; and

an eighth switching element comprising an input terminal
connected to the output voltage, a control terminal
connected to the previous pseudo gate signal, and an
output terminal connected to the gate-off voltage.

15. The display device of claim 1, wherein the display
device is configured to display images in a plurality of
frames, wherein each storage signal generating circuit is
adapted to reverse a voltage level of its generated storage
signal for every frame.

16. A method of driving a display device having a
plurality of pixels arranged in a matrix having a plurality of
rows, wherein each pixel comprises a switching element
connected to one of a plurality of gate lines and one of a
plurality of data lines, a liquid crystal capacitor connected to
the switching element and a common voltage, and a storage
capacitor connected to the switching element and one of a
plurality of storage electrode lines, the method comprising:

applying a first set of data voltages to the data lines;

generating a first normal gate signal;

applying the first normal gate signal to a first gate line
connected with a first row of pixels;

charging the liquid crystal capacitor and storage capaci-
tors of the first row of pixels with the first set of data
voltages;

generating a first pseudo gate signal based on the first
normal gate signal;

generating a first storage signal based on the first pseudo
gate signal;

applying the first storage signal to a first storage electrode
line connected with the first row of pixels to maintain
a voltage of the first storage signal on the storage
capacitors of the first row of pixels; and

repeating the preceding operations for a second set of data
voltages, a second normal gate signal, a second pseudo
gate signal, a second gate line connected with a second
row of pixels, a second storage electrode line, and a
second storage signal.

17. The method of claim 16, wherein the generating the

first pseudo gate signal comprises delaying the first normal
gate signal by a predetermined time, and wherein the gen-
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erating the second pseudo gate signal comprises delaying the
second normal gate signal by the predetermined time.

18. The method of claim 17, wherein the predetermined
time is about two horizontal periods (2H).

19. The method of claim 16, further comprising changing
the voltages of the first and second storage signals from a
low level to a high level if the data voltages have a positive
polarity, and from the high level to the low level if the data
voltages have a negative polarity.

20. A display device comprising:

a plurality of gate lines adapted to transmit a plurality of
normal gate signals having a gate-on voltage and a
gate-off voltage;

aplurality of data lines crossing the gate lines and adapted
to transmit a plurality of data voltages;

a plurality of storage electrode lines substantially parallel
to the gate lines and adapted to transmit a plurality of
storage signals;
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a plurality of pixels arranged in a matrix having a plurality
of rows, wherein each pixel comprises a switching
element connected to one of the gate lines and one of
the data lines, a liquid crystal capacitor connected to the
switching element and a common voltage, and a stor-
age capacitor connected to the switching element and
one of the storage electrode lines;

means for generating a plurality of pseudo gate signals
based on the normal gate signals;

means for generating the storage signals based on the
pseudo gate signals; and

means for applying an associated storage signal to an
associated one of the storage electrode lines after the
liquid crystal capacitor and storage capacitors of an
associated row of pixels have been charged by the data
voltages.
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