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LIQUID CRYSTAL DISPLAY DEVICE AND
DRIVING METHOD THEREOF

PRIORITY CLAIM

[0001] This application claims the benefit of Korean
Patent Application No. 2003-88648 on Dec. 8, 2003, which
is incorporated herein by reference.

BACKGROUND
[0002] 1. Technical Field
[0003] This application relates to a liquid crystal display,

and more particularly to a liquid crystal display device and
a driving method thereof that may reduce the number of data
lines as well as the number of data drive integrated circuits
corresponding thereto.

[0004] 2. Related Art

[0005] A liquid crystal display (LCD) controls a light
transmittance of a liquid crystal using an electric field to
thereby display a picture. The LCD includes a liquid crystal
display panel having a pixel matrix, and a driving circuit for
driving the liquid crystal display panel. The driving circuit
drives the pixel matrix such that picture information can be
displayed on the display panel.

[0006] FIG. 1 shows a related art liquid crystal display
device, which includes a liquid crystal display panel 2, a data
driver 4 for driving data lines DL1 to DLm of the liquid
crystal display panel 2, and a gate driver 6 for driving gate
lines GL1 to GLn of the liquid crystal display panel 2.

[0007] The liquid crystal display panel 2 is comprised of
thin film transistors (TFT), cach of which is provided at each
intersection between the gate lines GL1 to GLn and the data
lines DL1 to DLm, and liquid crystal cells connected to the
TFTs and arranged in a matrix configuration.

[0008] The gate driver 6 sequentially applies a gate signal
to each gate line GL1 to GLn in response to a control signal
from a timing controller (not shown). The data driver 4
converts data R, G and B video data from the timing
controller into analog video signals and applies the analog
video signals for one horizontal line to the data lines DLL1 to
DLm during one horizontal period when a gate signal is
applied to the corresponding gate line GL1 to GLn.

[0009] The thin film transistor (TFT) applies a data from
the data lines DL1 to DLm to the liquid crystal cell in
response to a control signal applied to the gate lines GL1 to
GLan. The liquid crystal cell can be equivalently expressed as
a liquid crystal capacitor Clc because it is comprised of a
common electrode a pixel electrode opposed to each other,
having a liquid crystal therebetween. Such a liquid crystal
cell includes a storage capacitor (not shown) connected to a
preceding gate line in order to keep a data voltage charged
in the liquid crystal capacitor Cle until the next time the data
voltage is applied thereto.

[0010] The liquid crystal cells of such a related art LCD
arranged in vertical lines whose number equals the number
(i.e., m) of the data lines DL1 to DLm as they are provided
at intersections between the gate lines GL1 to GLn and the
data lines DL1 to DLm. That is, the liquid crystal cells are
arranged in a matrix configuration in such a manner to make
m vertical lines and n horizontal lines.
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[0011] Accordingly, the related art LCD requires m data
lines DL1 to DLm so as to drive the liquid crystal cells
having m vertical lines. Therefore, the related art LCD has
a drawback in that a number of data lines m are required to
drive the liquid crystal display panel 2. Furthermore, the
related art LCD has a disadvantage in that a large number of
data driving integrated circuits (IC’s) must be included in
the data driver 4 so as to drive the m data lines, resulting in
an undesirable manufacture cost.

SUMMARY

[0012] Aliquid crystal display device includes a plurality
of data lines; a plurality of gate lines arranged in a direction
crossing the data lines; a first liquid crystal cell provided at
one side of each data line; a second liquid crystal cell
provided at an other side of each data line, the liquid crystal
cells being disposed parallel to the gate lines; a first switch-
ing means provided for each first liquid crystal cell posi-
tioned at an ith horizontal line (wherein 1 is an integer) to be
controlled by the (i-1)th gate line and the ith gate line; and
a second switching means provided for each second liquid
crystal cell positioned at an ith horizontal line to be con-
trolled by the ith gate line, the gate lines being associated
with corresponding horizontal liquid crystal cell lines.

[0013] In the liquid crystal display device, the first switch-
ing means, positioned at the ith horizontal line, applies a
video signal supplied to the data line to the first liquid crystal
cell when the (i-1)th gate line and the ith gate line are in a
low state after they had previously been supplied with high
gate signals. Unless specifically mentioned, the term gate
signal means the high gate or gate ON state.

[0014] The second switching means, positioned at the ith
horizontal line, applies a video signal supplied to the data
line to the second liquid crystal cell when gate signals are
supplied to the ith gate line and the (i+1)th gate line.

[0015] The first liquid crystal cell and the first switching
means may be located at the left side of the data lines, and
the second liquid crystal cell and the second switching
means may be located at the right side of the data lines.

[0016] Alternatively, the first liquid crystal cell and the
first switching means may be located at the right side of the
data lines and the second liquid crystal cell and the second
switching means may be located at the left side of the data
lines.

[0017] The first switching means may be comprised of
three-terminal devices or other switch circuits, acting as a
single-pole single-throw switch in accordance with the state
of a voltage applied to a control terminal. In an aspect, the
first switching means may comprise a first switch, having a
first switch terminal connected to the data line, and a second
switch terminal connected to the first liquid crystal cell; and
a second switch having a first switch terminal connected to
the (i-1)th gate line, the second switch terminal connected
to the control terminal of the first switch, and the control
terminal of the second switch connected to the ith gate line.

[0018] In another aspect, the first switching means may
include a first thin film transistor having a source terminal
connected to the data line and a drain terminal connected to
the first liquid crystal cell; and a second thin film transistor
having a drain terminal connected to a gate terminal of the
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first thin film transistor, a gate terminal connected to the ith
gate line and a source terminal connected to the (i-1)th gate
line.

[0019] Generally, the source and drain terminals of any of
the thin film transistors may be interchanged without affect-
ing the operation of the apparatus. For simplicity of discus-
sion, this fact may not be repeated in the remainder of the
application, but the specification should be interpreted to
incorporate this meaning,

[0020] The second switching means may be comprised of
a three-terminal device or other switch circuit, acting as a
single-pole single-throw switch in accordance with the state
of a voltage applied to a control terminal. In an aspect, the
second switching means may comprise a switch, having a
first switch terminal connected to the data line, and a second
switch terminal connected to the second liquid crystal cell,
and the control element connected to the ith gate line.

[0021] In another aspect, the second switching means may
a third thin film transistor having a source terminal con-
nected to the data line, a gate terminal connected to the ith
gate line and a drain terminal connected to the second liquid
crystal cell.

[0022] The liquid crystal display device may further
include a gate driver for sequentially applying first and
second gate signals to the gate lines such that said second
gate signal applied to the (i-1)th gate line rises simulta-
neously with said first gate signal applied to the ith gate line,
and said first gate signal has a smaller time duration than
said second gate signal.

[0023] The first and second thin film transistors positioned
at the ith horizontal line are turned on when said first and
second gate signals are simultaneously applied to the (i-1)th
and ith gate lines, and the gate terminal of the second thin
film transistor may have a floating state when the first and
second gate signal are inverted into a low state, thereby
maintaining the second thin film transistor in an ON con-
dition.

[0024] When the first thin film transistor is in an ON state,
during the period following the end of the period where the
first and second gate signals were applied to the gate lines
such that said second gate signal is applied to the (i-1)th
gate line and said first gate signal is applied to the ith gate
line, a desired video signal may be applied to the first liquid
crystal cell connected to the first thin film transistor.

[0025] 1In another aspect, the liquid crystal display device
may further include a capacitor connected to the gate
terminal of the first thin film transistor such that the first thin
film transistor can stably keep a turn-on state when the gate
terminal of the first thin film transistor is placed into said
floating state.

[0026] In yet another aspect, a liquid crystal display
device includes a plurality of data lines; a plurality of gate
lines arranged in a direction crossing the data lines; a first
liquid crystal cell provided at one side of each data line; a
second liquid crystal cell provided at an other side of each
data line, the liquid crystal cells being disposed parallel to
the gate lines; a first switching means provided for each first
liquid crystal cell positioned at an ith horizontal line
(wherein i is an integer) to be controlled by the (i-1)th gate
line and the ith gate line; and a second switching means
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provided for each second liquid crystal cell positioned at an
ith horizontal line to be controlled by the ith gate line,
wherein the first switching means and the second switching
means are arranged in a zigzag configuration with respect to
each data line.

[0027] In even-numbered horizontal lines, the first liquid
crystal cell and the first switching means may be located at
the left-hand side of each vertical line while the second
liquid crystal cell and the second switching means may be
located at the right-hand side of each vertical line. In
odd-numbered horizontal lines, the first liquid crystal cell
and the first switching means may be located at the right-
hand side of each vertical line while the second liquid crystal
cell and the second switching means may be located at the
left-hand side of each vertical line. It should be understood
that the designation of lines as odd and even may start with
a numbering system of either zero or one. That is, an odd
numbered line differs by odd number from an even num-
bered line. The indexing system used in the discussion can
be used to describe the relationship between differing lines,
whether an odd or even number is used as the base line.

[0028] 1In yet another aspect, a method of driving a liquid
crystal display device includes, providing first and second
liquid crystal cells, first switching means having first and
second thin film transistors to drive the first liquid crystal
cell and second switching means having a third thin film
transistor to drive the second liquid crystal cell; applying a
desired video signal to the first liquid crystal cell provided
at an ith horizontal line (wherein i is an integer) when the
(i-1)th gate line and the ith gate line are inverted into a low
state after they had previously been supplied with gate
signals; and applying said desired video signal to the second
liquid crystal cell provided at the ith horizontal line when
gate signals are supplied to the ith gate line and the (i+1)th
gate line.

[0029] In the method, the step of applying the desired
video signal to the first liquid crystal cell includes turning on
the second thin film transistor in response to a gate signal
applied to the ith gate line; turning on the first thin film
transistor in response to a gate signal applied to the (i-1)th
gate line when the second thin film transistor is turned on;
turning off the second thin film transistor when the ith gate
line and the (i-1)th gate line are inverted into a low state,
where the ith gate is inverted prior to the (i-1)th gate, thus
floating the first thin film transistor gate when the second
thin film transistor is turned off, thereby allowing the first
thin film transistor to maintain an ON state.

[0030] Applying the desired video signal to the second
liquid crystal cell includes turning on the third thin film
transistor in response to a gate signal applied to the ith gate
line when the ith gate line and the (i+1)th gate line are
supplied with gate signals.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIG. 1 is a block circuit diagram showing a con-
figuration of a related art liquid crystal display;

[0032] FIG. 2 is a block circuit diagram showing a con-
figuration of a liquid crystal display according to a first
embodiment;

[0033] FIG. 3 is a waveform diagram of driving signals
applied to the gate lines shown in FIG. 2;
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[0034] FIG. 4 is a block circuit diagram showing a con-
figuration of a liquid crystal display according to a second
embodiment;

[0035] FIG. 5 is a block circuit diagram showing a con-
figuration of a liquid crystal display according to a third
embodiment;

[0036] FIG. 6 is a block circuit diagram showing a con-
figuration of a liquid crystal display according to a fourth
embodiment;

[0037] FIG. 7 is a block circuit diagram showing a con-
figuration of a liquid crystal display according to a fifth
embodiment; and

[0038] FIG. 8 is a block circuit diagram showing a con-
figuration of a liquid crystal display according to a sixth
embodiment.

DETAILED DESCRIPTION

[0039] Exemplary embodiments of the invention may be
better understood with reference to the drawings, but these
embodiments are not intended to be of a limiting nature.
Rather, the invention is to cover all modifications, equiva-
lents, and alternatives falling within the spirit and scope of
the invention which is set forth by the claims.

[0040] FIG. 2 schematically shows a liquid crystal display
(LCD) according to a first embodiment, where the LCD
includes a liquid crystal display panel 20, a data driver 22 for
driving data lines DL1 to DLm/2 of the liquid crystal display
panel 20, and a gate driver 24 for driving gate lines GL1 to
GLn of the liquid crystal display panel 20.

[0041] The liquid crystal display panel 20 is comprised of
first and second liquid crystal cells 10 and 12 provided at
intersections between the gate lines GL1 to GLn and the data
lines DL1 to DLm/2, a first switching part 14 for driving the
first liquid crystal cell 10, and a second switching part 16 for
driving the second liquid crystal cell 12.

[0042] The first and second liquid crystal cells 10 and 12
can be electrically represented as a liquid crystal capacitor
Cle as they are comprised of a common electrode opposed
to a pixel electrode having a liquid crystal therebetween.
Each of the first and second liquid crystal cells 10 and 12
further includes a storage capacitor (not shown) connected
to a preceding gate line, or to a common electrode, in order
to maintain the data voltage applied to the liquid crystal
capacitor Clc until the next time that a video data voltage is
applied thereto.

[0043] The first liquid crystal cell 10 and the first switch-
ing part 14 may be provided at the left side of the data line
DL. The second liquid crystal cell 12 and the second
switching part 16 may be provided at the right side of the
data line DL. That is, the first and second liquid crystal cells
10 and 12 are provided at the left and right sides of a single
data line DL. In this case, both the first and second liquid
crystal cells 10 and 12 positioned in this manner receive
video signals from the same adjacent data line DL. Thus, the
LCD according to the first embodiment allows the number
of data lines DL to be reduced to one half of that in the
related art LCD shown in FIG. 1.

[0044] In asecond embodiment, a position of the first and
second liquid crystal cells 10 and 12 may be interchanged as
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shown in FIG. 4. That is, the first liquid crystal cell 10 and
the first switching part 14 may be provided at the right side
of the data line DL while the second liquid crystal cell 12
and the second switching part 16 may be provided at the left
side of the data line.

[0045] The first switching part 14 for driving the first
liquid crystal cell 10 includes first and second thin film
transistors TFT1 and TFT2. The source terminal of the
second thin film transistor TFT2 is connected to the (i-1)th
gate line GLi-1 while the gate terminal thereof is connected
to the ith gate line GLi. The gate terminal of the first thin film
transistor TFT1 is connected to the drain terminal of the
second thin film transistor TFT2 while the source terminal
thereof is connected to the adjacent data line DL. Further, the
drain terminal of the first thin film transistor TFT1 is
connected to the first liquid crystal cell 10. Such a first
switching part 14 applies a video signal to the first liquid
crystal cell 10 when the gate terminal of the first thin film
transistor TFT1 is kept at a floating state in which a voltage
is charged after the second thin film transistor is turned off.

[0046] The second switching part 16 for driving the sec-
ond liquid crystal cell 12 includes a third thin film transistor
TFT3. The gate terminal of the third thin film transistor
TFT3 is connected to the ith gate line GLi while the source
terminal thereof is connected to the adjacent data line DL.
Further, the drain terminal of the third thin film transistor
TFT3 is connected to the second liquid crystal cell 12. When
a driving signal is applied to the ith gate line GLi, the second
switching part 16 applies a video signal to the second liquid
crystal cell 12.

[0047] The gate driver 24 applies first and second gate
signals SP1 and SP2 to each gate line GL1 to GLn, as shown
in FIG. 3, in response to a control signal from the timing
controller (not shown). Herein, the first gate signal SP1
maintains a high state during a time interval smaller than a
14 horizontal period (%)H while the second gate signal SP2
maintains a high state during the same ¥ horizontal period
(*A)H. Further, the second gate signal SP2 applied to the
(i-1)th gate line GLi-1 is synchronous with, that is, rises at
the same time with, the first gate signal SP1 applied to the
ith gate line GLi. Thus, the first gate signal SP1 applied to
the ith gate line GLi is transitions into a low state prior to the
second gate signal SP2 applied to the (i-1)th gate line
GLi-1. The terms “high state” and “low state” are meant as
the voltages required to turn a switch element ON or OFF,
respectively.

[0048] The data driver 22 converts data R, G and B from
the timing controller into analog video signals and applies
them to the data lines DL1 to DLm/2. In this case, the LCD
according to the second embodiment allows the number of
data lines DL1 to DLm/2 to be reduced to a half of that in
the related art LCD shown in FIG. 1, so that the number of
data drive IC’s included in the data driver 22 may also be
reduced.

[0049] A procedure in which video signals may be applied
to the liquid crystal cells 10 and 12, comprises:

[0050] During a first period TA (i.e., (*2)H), the second
gate signal SP2 is applied to the (i-1)th gate line GLi-1 at
the same time as the first gate signal SP1 is applied to the ith
gate line GLi. The first gate signal SP1, applied to the ith
gate line GLi, turns on the second and third thin film
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transistors TFT2 and TFT3 provided at the ith horizontal
line. The second gate signal SP2 applied to the (i-1)th gate
line GLi-1 turns on the first thin film transistor TFT1 via the
second thin film transistor TFT2 provided at the ith hori-
zontal line. Further, the second gate signal SP2 applied to the
(i-1)th gate line GLi turns on the second and third thin film
transistors TFT2 and TFT3 provided at the (i-1)th horizontal
line.

[0051] If the second gate signal SP2 is applied to the
(i-Dth gate line GLi-1, and the first gate signal SP1 is
applied to the ith gate line GL4, then the second liquid crystal
cell 12 provided at the (i-1)th horizontal line is connected to
the data line DL. Further, if the second gate signal SP2 is
applied to the (i-1)th gate line GLi-1 and the first gate signal
SP1 is applied to the ith gate line GLi, then the first and
second liquid crystal cell 10 and 12 provided at the (i-1)th
horizontal line are connected to the data line DL. At this
time, a video signal DA to be applied to the second liquid
crystal cell 12 provided at the (i-1)th horizontal line is
transferred into the data line DL. Thus, a desired video
signal DA is charged in the second liquid crystal cell 12
provided at the (i-1)th horizontal line. At this time, a video
signal DA (dummy video signal) also is charged in the first
and second liquid crystal cells 10 and 12 provided at the ith
horizontal line, The term “dummy video signal” implies that
the video signal DA may be overwritten by video data at a
later portion of the data transfer cycle.

[0052] During a second period TB (i.c., (*2)H) after the
first period TA, a gate signal is not applied to the gate lines
GL. If a gate signal is not applied to the gate lines GL, then
the second and third thin film transistors TFT2 and TFT3
provided at the ith horizontal line are turned off. At this time,
the first thin film transistor TFT1 maintains an ON state due
to the second gate signal SP2 which had been applied in the
previous (¥2)H period (i.c., the first period TA). That is, since
the gate terminal of the first thin film transistor TFT1 is now
in a floating state, after having been supplied with the second
gate signal, the first thin film transistor TFT1 maintains an
ON state during the second period TB (even though the
second thin film transistor TFT2 has been turned off). This
occurs since the first gate signal SP1 applied to the ith gate
line GLi transitions into a low state prior to the second gate
signal SP2 which is applied o the (i-1)th gate line GLi-1
transitioning into a low state, with the result that the gate
terminal of the first thin film transistor TFT1 may remains in
a floated state corresponding to the second gate signal SP2
high state.

[0053] During such a second period TB, a video signal DB
which may be applied to the first liquid crystal cell 10
disposed at the ith horizontal line may be applied to the data
line DL. Thus, the video signal DB applied to the data line
DL is applied, via the first thin film transistor TFT1 provided
at the ith horizontal line, to the first liquid crystal cell 10.
Accordingly, a desired video signal DB is transferred into
the first liquid crystal cell 10 provided at the ith horizontal
line.

[0054] As described above, in the embodiments of the
present invention, a video signal is applied to the second
liquid crystal cell 12 provided at the (i-1)th horizontal line
during a time interval when the second gate signal SP2 is
applied to the (i-1)th gate line GLi-1 and the first gate signal
SP1 is applied to the ith gate line GLi, while a video signal
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is applied to the first liquid crystal cell 10 provided at the ith
horizontal line during a time interval when the second and
first gate signals SP2 and SP1 are turned off.

[0055] In the third embodiment, a capacitor Cp may be
connected to the gate terminal of the first thin film transistor
TFT1 as shown in FIG. 5. Such a capacitor Cp charges to
a value corresponding to the second gate signal SP2 applied
to the previous gate line during the first period TA, and
applies the second gate signal SP2 charged therein to the
gate terminal of the first thin film transistor TFT1 during the
second period TB, thereby allowing the first thin film
transistor TFT1 to stably maintain an ON state during the
second period TB. Since the other aspects of the third
embodiment can be understood, for example, by the descrip-
tions provided for the first and second embodiments, shown
in FIGS. 2 and 4, a detailed explanation of the operation of
this embodiment is not necessary for one skilled in the art.

[0056] FIG. 6 schematically shows a liquid crystal display
(LCD) according to a fourth embodiment. Such a fourth
embodiment has the same structure and function as the first
embodiment shown in FIG. 2 except that locations of liquid
crystal cells 10 and 12 and switching parts 14 and 16 have
been altered.

[0057] Referring to FIG. 6, the LCD includes a liquid
crystal display panel 30, a data driver 32 for driving data
lines DL1 to DLm/2 of the liquid crystal display panel 30,
and a gate driver 34 for driving gate lines GL1 to GLn of the
liquid crystal display panel 30. The liquid crystal display
panel 30 is comprised of first and second liquid crystal cells
10 and 12 provided in pairs at intersections between the gate
lines GL1 to GLn and the data lines DL1 to DLm/2, with a
first switching part 14 for driving the first liquid crystal cell
10, and a second switching part 16 for driving the second
liquid crystal cell 12. In this embodiment, the first liquid
crystal cell 10 and the first switching part 14 are arranged in
a zigzag configuration on a basis of the data line DL with
respect to the second liquid crystal cell 12 and the second
switching part 16. That is, if the gate line GLi is considered
as an odd numbered line, the first liquid crystal cell 10 and
the first switching part 14 are located to the left of the data
line at odd-numbered gate lines while the second liquid
crystal cell 12 and the second switching part 16 are located
to the right of the data line, as shown in FIG. 6. In
even-numbered gate lines, the first liquid crystal cell 10 and
the first switching part 14 are located at the right of the data
line and the second liquid crystal cell 12 and the second
switching part 16 are located at the left of the data line.

[0058] Alternatively, according to a fifth embodiment, in
the odd-numbered horizontal lines, the first liquid crystal
cell 10 and the first switching part 14 may be located to the
right of the data line the second liquid crystal cell 12 and the
second switching part 16 may be located to the left of the
data line, as shown in FIG. 7. In this case, in the even-
numbered horizontal lines, the first liquid crystal cell 10 and
the first switching part 14 are located to the left of the data
line while the second liquid crystal cell 12 and the second
switching part 16 are located to the right of the data line.

[0059] The first and second liquid crystal cells 10 and 12,
arranged in a zigzag type on the basis of the data line DL in
this manner, receive video signals from the adjacent data line
DL. Thus, it becomes possible to reduce the number of data
lines DL to a half in comparison to the related art LCD
shown in FIG. 1.
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[0060] The first switching part 14 for driving the first
liquid crystal cell 10 includes first and second thin film
transistors TFT1 and TFT2. The source terminal of the
second thin film transistor TFT2 is connected to the (i-1)th
gate line GLi-1 while the gate terminal thereof is connected
to the ith gate line GLi. The gate terminal of the first thin film
transistor TFT1 is connected to the drain terminal of the
second thin film transistor TFT2 while the source terminal
thereof is connected to the adjacent data line DL. Further, the
drain terminal of the first thin film transistor TFT1 is
connected to the first liquid crystal cell 10. Such a first
switching part 14 applies a video signal to the first liquid
crystal cell 10 when the gate terminal of the first thin film
transistor TFT1 is at a floating state after having been
charged with a voltage by the GLi-1 gate line.

[0061] The second switching part 16 for driving the sec-
ond liquid crystal cell 12 includes a third thin film transistor
TFT3. The gate terminal of the third thin film transistor
TFT3 is connected to the ith gate line GLi while the source
terminal thereof is connected to the adjacent data line DL.
Further, the drain terminal of the third thin film transistor
TFT3 is connected to the second liquid crystal cell 12. When
a high driving signal is applied to the ith gate line GLi, the
second switching part 16 applies a video signal which may
be present on the data line DL to the second liquid crystal
cell 12.

[0062] The gate driver 34 applies first and second gate
signals SP1 and SP2 to each gate line GL1 to GLn, as shown
in FIG. 3, in response to a control signal from the timing
controller (not shown). Herein, the first gate signal SP1
maintains a high state during a time interval smaller than a
14 horizontal period (*2)H while the second gate signal SP2
maintains a high state during the % horizontal period (2)H.
Further, the second gate signal SP2 applied to the (i-1)th
gate line GLi-1 is synchronous with, that is, rises at the same
time as, the first gate signal SP1 being applied to the ith gate
line GLi. Thus, the first gate signal SP1 applied to the ith
gate line GLi transitions into a low state prior to the
transition of the second gate signal SP2 applied to the (i-1)th
gate line GLi-1.

[0063] The data driver 32 converts data R, G and B from
the timing controller into analog video signals to thereby
apply them to the data lines DL1 to DLm/2.

[0064] A procedure in which video signals may be applied
to the liquid crystal cells 10 and 12 is described below.

[0065] First, during a first period TA (ie., (*2)H), the
second gate signal SP2 is applied to the (i-1)th gate line
GLi-1 and, simultaneously, the first gate signal SP1 is
applied to the ith gate line GLi.

[0066] The first gate signal SP1 applied to the ith gate line
GLi turns on the second and third thin film transistors TFT2
and TFT3 provided at the ith gate line. The second gate
signal SP2 applied to the (i-1)th gate line GLi-1 turns on the
first thin film transistor TFT1 via the second thin film
transistor TFT2 provided at the ith horizontal line. Further,
the second gate signal SP2 applied to the (i-1)th gate line
GLi turns on the second and third thin film transistors TFT2
and TFT3 provided at the (i-1)th horizontal line.

[0067] The second gate signal SP2 is applied to the (i-1)th
gate line GLi-1 and the first gate signal SP1 is applied to the
ith gate line GLi, and the second liquid crystal cell 12
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disposed at the (i-1)th horizontal line and connected to the
data line DL. The second gate signal SP2 is applied to the
(I-1Dth gate line GLi-1 and the first gate signal SP1 is
applied to the ith gate line GLi, and the first and second
liquid crystal cell 10 and 12 disposed at the ith horizontal
line are connected to the data line DL. A video signal DA to
be applied to the second liquid crystal cell 12 disposed at the
(1-1)th horizontal line is transferred onto the data line DL.
Thus, a desired video signal DA is applied to the second
liquid crystal cell 12 provided at the (i-1)th gate line. A
video signal DA (dummy video signal) also is applied to the
first and second liquid crystal cells 10 and 12 provided at the
ith gate line.

[0068] During a second period TB (i.., (¥2)H) following
the first period TA, a gate signal is not applied to the gate
lines GL. If a gate signal is not applied to the gate lines GL,
then the second and third thin film transistors TFT2 and
TFT3 provided at the ith horizontal line are turned off. The
first thin film transistor TFT1 maintains an ON state which
was established by the second gate signal SP2 applied in a
previous (Y2)H period (i.c., the first period TA). That is, since
the gate terminal of the first thin film transistor TFT1 is in
a floating state after it had previously been supplied with the
second gate signal SP2, the first thin film transistor TFT1L
maintains an ON state during the second period TB (after the
second thin film transistor TFT2 has been turned off). Since
the first gate signal SP1 applied to the ith gate line GLi
transitions into a low state prior to the second gate signal
SP2 applied to the (i-1)th gate line GLi-1 transitioning into
a low state, the gate terminal of the first thin film transistor
TFT1 floated in the state to which it had been charged by the
second gate signal SP2.

[0069] During the second period TB, a video signal DB to
be applied to the first liquid crystal cell 10, provided at the
ith horizontal line, is sent to the data line DL. Thus, the video
signal DB, applied to the data line DL, is applied via the first
thin film transistor TFT1 provided at the ith horizontal line,
to the first liquid crystal cell 10. Accordingly, a desired video
signal DB is transferred to the first liquid crystal cell 10
provided at the ith horizontal line.

[0070] As described in the above embodiments, a video
signal is applied to the second liquid crystal cell 12 provided
at the (i-1)th horizontal line during a time interval when the
second gate signal SP2 is applied to the (i-1)th gate line
GLi-1, and the first gate signal SP1 is applied to the ith gate
line GLi while a video signal is applied to the first liquid
crystal cell 10 provided at the ith horizontal line during a
time interval when the second and first gate signals SP2 and
SP1 are turned off.

[0071] Alternatively, in a sixth embodiment, a capacitor
Cp is further provided to be connected to the gate terminal
of the first thin film transistor TFT1 as shown in FIG. 8.
Such a capacitor Cp may be charged by the second gate
signal SP2 applied to the previous gate line during the first
period TA and applies continues to apply a voltage corre-
sponding to the second gate signal SP2 to the gate terminal
of the first thin film transistor TFT1 during the second period
TB, thereby allowing the first thin film transistor TFT1 to
stably keep an ON state during the second period TB. The
operating procedure in the sixth embodiment is analogous to
that in the fourth embodiment shown in FIG. 6, and a
detailed explanation as to this will be omitted.
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[0072] In the fourth to sixth embodiments, the first and
second liquid crystal cells 10 and 12 are arranged in a zigzag
type, so that it becomes possible to display a picture having
a uniform quality even though uniform voltages may not be
charged in the first and second liquid crystal cells 10 and 12.
For instance, even though a voltage higher than a desired
voltage may be charged in the first liquid crystal cell 10 and
avoltage lower than a desired voltage may be charged in the
second liquid crystal cell 12, the first and second liquid
crystal cells 10 and 12 are arranged in a zigzag type, so that
a voltage difference can be effectively cancelled for each
horizontal line to display a picture having a uniform quality.

[0073] As described above, a single data line drives the
first and second liquid crystal cells positioned adjacently to
each other at the left and right side of the data lines so that
the number of data lines can be reduced. Accordingly, the
number of data drive integrated circuits for applying driving
signals to the data lines also can be reduced Furthermore, the
first and second liquid crystal cells are arranged in a zigzag
type, so that it becomes possible to display a picture having
a uniform quality.

[0074] Although the present invention has been explained
by the embodiments shown in the drawings described above,
it should be understood to the ordinary skilled person in the
art that the invention is not limited to the embodiments, but
rather that various changes or modifications thereof are
possible without departing from the spirit of the invention.
Accordingly, the scope of the invention shall be determined
only by the appended claims and their equivalents.

What is claimed is:
1. A liquid crystal display device, comprising:

a plurality of data lines;

a plurality of gate lines arranged in a direction crossing
the data lines;

a first liquid crystal cell disposed at a first side of each data
line;

a second liquid crystal cell disposed at a second side of
each data line;

a first switch to connect the first liquid crystal cell to a first
data line; and

a second switch to connect the second liquid crystal cell
to the first data line,

wherein the first switch is controlled by at least two gate

lines.

2. The device according to claim 1, wherein the first
switch comprises a first switch element, a first side of the
first switch element connected to the (i-1)th gate line
(wherein iis an integer), and a second side of the first switch
element connected to a control element of a second switch
element, a control element of the first switch element
connected to the ith gate line; a first side of the second switch
element connected to the data line and a second side of the
second switch element connected to the first liquid crystal
cell.

3. The device according to claim 1, wherein the second
switch comprises a switch, a first side of the switch con-
nected to the first data line, the second side of the switch
connected to the second liquid crystal cell, and a control
element of the second switch connected to the ith gate line.
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4. The device according to claim 1, wherein the first
switch is controlled by a gate signal on the (i-1)th gate line
and the second switch is controlled by a gate signal on the
ith gate line.

5. The device according to claim 2, wherein the first
switch element and the second switch element are thin film
transistors, and where the first side of each switch element
is a source, the second side of the each switch element is a
drain, and the control element of each switch is a gate.

6. The device according to claim 2, wherein the first
switch element and the second switch element are thin film
transistors, and where the first side of each switch element
is a drain, the second side of the each switch element is a
source, and the control element of each switch is a gate.

7. The device according to claim 3, wherein the second
switch is a thin film transistor, and where the first side of the
switch element is a drain, the second side of the switch
element is a source, and the control element of switch is a
gate.

8. The device according to claim 3, wherein the second
switch is a thin film transistor, and where the first side of the
switch element is a source, the second side of the switch
element is a drain, and the control element of switch is a
gate.

9. The device according to claim 1, further comprising:

a gate driver for sequentially applying first and second
gate signals to the gate lines such that the second gate
signal applied to the (i-1)th gate line rises simulta-
neously with the first gate signal applied to the ith gate
line.

10. The device according to claim 9, wherein the first gate

signal has a smaller width than the second gate signal.

11. The device according to claim 10, wherein the first
switch and the second switch positioned at the ith horizontal
line are turned on when the first and second gate signals are
applied to the (i-1)th and ith gate lines, and the control
terminal of the second switch element is in a floating state
when the first and second gate signals transition into a low
state, thereby maintaining the second switch element in an
ON state.

12. The device according to claim 11, wherein the second
switch element connects the first data line and the first liquid
crystal cell, when the second switch is in an ON state.

13. The device according to claim 11, further comprising:

a capacitor connected to the control terminal of the second
switch element that permits the second switch element
to stably remain in an ON state when the control
terminal of the second switch element is in a floating
state.

14. The device according to claim 11, wherein a desired
video signal is applied to the first data line during a time
when the control element of the second switch element is in
the floating state, the video signal connected to the first
liquid crystal cell by the second switch element.

15. The device according to claim 11, wherein a desired
video signal is applied to the first data line during a time
where the gate signals on the ith and the (i+1)th gate lines
are present, the signal connected to the second liquid crystal
cell by the second switch.

16. The device according to claim 1, wherein each liquid
crystal cell is provided with a storage capacitor connected
between a pixel electrode and a common electrode.
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17. The device according to claim 1, wherein each liquid
crystal cell is provided with a storage capacitor connected
between a pixel electrode and a preceding gate line.

18. The device according to claim 1, wherein the first
switch and the first liquid crystal cell are disposed to the left
of the data line and the second switch and the second liquid
crystal cell are disposed to the right of the data line.

19. The device according to claim 1, wherein the first
switch and the first liquid crystal cell are disposed to the
right of the data line and the second switch and the second
liquid crystal cell are disposed to the left of the data line.

20. The device according to claim 1, wherein in alternat-
ing horizontal lines, the first switch and the first liquid
crystal cell are disposed to the left of the data line and the
second switch and the second liquid crystal cell are disposed
to the right of the data line and, the first switch and the first
liquid crystal cell are disposed to the right of the data line
and the second switch and the second liquid crystal cell are
disposed to the left of the data line.

21. A liquid crystal display device, comprising:

a plurality of data lines;

a plurality of gate lines arranged in a direction crossing
the data lines;

a first liquid crystal cell provided at a first side of each
data line;

a second liquid crystal cell provided at a second side of
cach data line;

first switching means for connecting the first liquid crystal
cell to a first data line; and

second switching means for connecting the second liquid

crystal cell to the first data line.

22. The device according to claim 21, wherein the first
liquid crystal cell and the second liquid cell are disposed at
intersections of the data lines and gate lines.

23. The device according to claim 21, wherein the first
switching means is controlled by a gate signal on the (i-1)th
gate line and the second switching means is controlled by a
gate signal on the ith gate line.

24. A display driver circuit, comprising:

means for driving gate lines; and
means for driving data lines,

wherein a gate signal is comprised of a first high state and
a second high state, and a duration of the first high state
is less than a duration of the second high state.

25. A liquid crystal display device, comprising:

a plurality of data lines;

a plurality of gate lines arranged in a direction crossing
the data lines;

a first liquid crystal cell provided at one side of a first data
line;

a second liquid crystal cell provided at another side of a
first data line;

first switching means provided for each first liquid crystal
cell positioned at an ith horizontal line (wherein 1 is an
integer) to be controlled by the (i-1)th gate line and the
ith gate line; and
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second switching means provided for each second liquid
crystal cell positioned at the ith horizontal line to be
controlled by the ith gate line.

26. The liquid crystal display device according to claim
25, wherein the first switching means positioned at the ith
horizontal line applies a video signal supplied from the first
data line to the first liquid crystal cell when the (i-1)th gate
line and the ith gate line keep a low state after the ith and the
(i-1)th gate lines were supplied with gate signals of a high
state.

27. The liquid crystal display device according to claim
25, wherein the second switching means positioned at the ith
horizontal line applies a video signal supplied from the first
data line to the second liquid crystal cell when gate signals
of a high state are supplied to the ith gate line and the (i+1)th
gate line.

28. The liquid crystal display device according to claim
25, wherein the first liquid crystal cell and the first switching
means are located at the left side of the data lines, and the
second liquid crystal cell and the second switching means
are located at the right side of the data lines.

29. The liquid crystal display device according to claim
25, wherein the first liquid crystal cell and the first switching
means are located at the right side of the data lines, and the
second liquid crystal cell and the second switching means
are located at the left side of the data lines.

30. The liquid crystal display device according to claim
25, wherein the first switching means includes:

a first thin film transistor having a source terminal con-
nected to the first data line and a drain terminal con-
nected to the first liquid crystal cell; and

a second thin film transistor having a drain terminal
connected to a gate terminal of the first thin film
transistor, a gate terminal connected to the ith gate line
and a source terminal connected to the (i-1)th gate line.

31. The liquid crystal display device according to claim

30, wherein the second switching means includes:

a third thin film transistor having a source terminal
connected to the data line, a gate terminal connected to
the ith gate line and a drain terminal connected to the
second liquid crystal cell.

32. The liquid crystal display device according to claim

31, further comprising:

a gate driver for sequentially applying first and second
gate signals to the gate lines such that the second gate
signal applied to the (i-1)th gate line rises simulta-
neously with the first gate signal applied to the ith gate
line.

33. The liquid crystal display device according to claim
32, wherein the first gate signal has a smaller width than the
second gate signal.

34. The liquid crystal display device according to claim
33, wherein the first and second thin film transistors posi-
tioned at the ith horizontal line are turned on when the first
and second gate signals are applied to the (i-1)th and ith gate
lines, and a gate terminal of the second thin film transistor
is converted into a floating state when the first and second
gate signal are inverted into a low state, thereby turning on
the second thin film transistor.

35. The liquid crystal display device according to claim
34, wherein the gate terminal of the second thin film
transistor is converted into the floating state, thereby charg-
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ing a desired video signal into the first liquid crystal cell
connected to the second thin film transistor when the second
thin film transistor keeps a turn-on state.

36. The liquid crystal display device according to claim
34, further comprising:

a capacitor connected to the gate terminal of the first thin
film transistor that permits the second thin film tran-
sistor to stably keep a turn-on state when the gate
terminal of the second thin film transistor is converted
into the floating state.

37. Aliquid crystal display device, comprising:

a plurality of data lines;

a plurality of gate lines arranged in a direction crossing
the data lines;

a first liquid crystal cell provided at one side of a first data
line;

a second liquid crystal cell provided at another side of the
first data line;

first switching means provided for each first liquid crystal
cell positioned at an ith horizontal line (wherein 1 is an
integer) to be controlled by the (i-1)th gate line and the
ith gate line; and

second switching means provided for each second liquid
crystal cell positioned at the ith horizontal line to be
controlled by the ith gate line,

wherein the first switching means and the second switch-

ing means are arranged in a zigzag configuration.

38. The liquid crystal display device according to claim
37, wherein, in even-numbered horizontal lines, the first
liquid crystal cell and the first switching means are located
at aleft side of the first data line and the second liquid crystal
cell and the second switching means are located a right side
of the first data line; in odd-numbered horizontal lines, the
first liquid crystal cell and the first switching means are
located at the right side of the first data line while the second
liquid crystal cell and the second switching means are
located at the left side of the first data line.

39. The liquid crystal display device according to claim
37, wherein, in odd-numbered horizontal lines, the first
liquid crystal cell and the first switching means are located
at the a side of the first data line and the second liquid crystal
cell and the second switching means are located at a right
side of the first data line; in even-numbered horizontal lines,
the first liquid crystal cell and the first switching means are
located at the right side of the first data line and the second
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liquid crystal cell and the second switching means are
located at the left side of the first data line.

40. A method of driving a liquid crystal display device
including first and second liquid crystal cells, first switching
means having first and second thin film transistors to drive
the first liquid crystal cell and second switching means
having a third thin film transistor to drive the second liquid
crystal cell, the method comprising:

applying a desired video signal to the first liquid crystal
cell provided at an ith horizontal line (wherein i is an
integer) when the (i-1)th gate line and the ith gate line
are inverted into a low state after the ith and (i-1)th
gate lines are supplied with gate signals of a high state;
and

applying the desired video signal to the second liquid
crystal cell provided at the ith horizontal line when gate
signals of the high state are supplied to the ith gate line
and the (i+1)th gate line.
41. The method according to claim 40, wherein applying
the desired video signal to the first liquid crystal cell
includes:

turning on the first thin film transistor in response to a gate
signal applied to the ith gate line;

turning on the second thin film transistor in response to a
gate signal applied to the (i-1)th gate line when the first
thin film transistor is turned on;

turning off the first thin film transistor when the ith gate
line and the (i-1)th gate line are inverted into a low
state; and

floating a gate terminal of the second thin film transistor
when the first thin film transistor is turned off, thereby
allowing the second thin film transistor to keep a ON
state.

42. The method according to claim 41, wherein the ith
gate line is inverted into the low state prior to the (i-1)th gate
line.

43. The method according to claim 41, wherein applying
the desired video signal to the second liquid crystal cell
includes:

turning on the third thin film transistor in response to the
gate signal applied to the ith gate line when the ith gate
line and the (i+1)th gate line are supplied with gate
signals of the high state.

* #* * #* #®



TRAFROE) BEREREERERIFE

NIF(2E)E US20050122304A1 K (2E)R 2005-06-09

HiES US10/988906 HiEH 2004-11-15

BRI EERR)AGE) FEETERAD

BE (T RR)AGE) LG XF5ELCD CO. , LTD.

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

FRIZEAA JANG YONG HO

KA JANG, YONG HO

IPCH#S GO02F1/133 G09G3/36 H04N5/66

CPCH S G09G3/3648 G09G2310/0297 G09G2300/0426 G09G3/3659

£ 42 1020030088648 2003-12-08 KR

H AN FF Sk US7535445

SNERaE Espacenet USPTO

BEGR) 24 | DATA DRIVER

AR MRS FEERENH S  EAE AT REE O o DLt bL2 Dlm/2

BIEE&HN—MN , F-RRETREEEZ M. AINTEFKEL (H : :

FIREN ) WENE—RABBTRME—F B0 , LESE (i-1) Fif GLi-2 —1 . :

RERNERMRE R, NETFEALENENE RS L TIRME b)Y L

FEhs , LA iR 2, o] 161 RTATAITFTR ™ TRTATATTF
3 GLi—-1 T | =Y i i
o N
2 ) TS;I'ETTF " TETYTATIFTR
D | GLi LTy Uy

N
TETATATT PR TETaTFrIFTR ™™ THT3TFTTFIR
Gl | T TRy s

patsnap

GLn



https://share-analytics.zhihuiya.com/view/6e1dbe03-e81e-4ae5-b41c-52e454ad16ad
https://worldwide.espacenet.com/patent/search/family/034632134/publication/US2005122304A1?q=US2005122304A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220050122304%22.PGNR.&OS=DN/20050122304&RS=DN/20050122304

