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LIQUID CRYSTAL DISPLAY AND DRIVING
METHOD OF THE SAME

[0001] This application claims priority to Korean Patent
Application No. 10-2007-0098166 filed on Sep. 28, 2007,
and all the benefits accruing therefrom under 35 U.S.C. § 119,
the contents of which in its entirety are herein incorporated by
reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play and a driving method of the same.

[0004] 2. Description of the Related Art

[0005] A conventional liquid crystal display (“LCD”)
includes a liquid crystal capacitor connected to a gate line and
charged with a data voltage, and a storage capacitor con-
nected to the liquid crystal capacitor and maintaining the
voltage of the liquid crystal capacitor. An image is displayed
according to the voltage of the liquid crystal capacitor.
[0006] A LCD which displays an image not to be reversed
even if a liquid crystal panel is turned around is in demand.

BRIEF SUMMARY OF THE INVENTION

[0007] The present invention has been made in an effort to
solve the above-stated problem, and aspects of the present
invention provide a liquid crystal display for reducing power
consumption in a forward-scan mode and/or a reverse-scan
mode, and a method of a liquid crystal display for reducing
power consumption in a forward-scan mode and/or areverse-
scan mode forward-scan mode.

[0008] Inan exemplary embodiment, the present invention
provides a liquid crystal display which includes a liquid crys-
tal capacitor charged with a data voltage during a first turn-on
period of a first gate signal, a storage capacitor having one
electrode connected to the liquid crystal capacitor, and a
driving unit which supplies a boost voltage to the other elec-
trode of the storage capacitor during a boost voltage-output
period of a boost-control signal, the boost voltage includes a
first edge and a second edge, the first and second edges occur
in the boost voltage-output period, and the first turn-on period
occurs between the first and second edges.

[0009] In another exemplary embodiment, the present
invention provides a liquid crystal display which includes
first to n-th gate lines, a liquid crystal capacitor connected to
the i(1=i=n)-th gate line, a storage capacitor having one
electrode connected to the liquid crystal capacitor, and a gate
driver which supplies first to n-th gate signals to the first to
n-th gate lines and supplies a boost voltage to the other elec-
trode of the storage capacitor during a boost voltage-output
period of a boost-control signal, each of the first to n-th gate
signals having first to n-th turn-on period, respectively, the
liquid crystal capacitor is charged with a data voltage during
the i-th turn-on period, and the voltage of the liquid crystal
capacitor is boosted up or decreased according to the boost
voltage after the i-th turn-on period in the forward-scan the
mode in which the first to n-th turn-on period begins sequen-
tially, or in the reverse-scan mode in which the n-th to first
turn-on period begins sequentially.

[0010] In another exemplary embodiment, the present
invention provides a method of driving a liquid crystal display
including first to n-th gate lines, a liquid crystal capacitor
connected to the i(1 =i=n)-th gate line and a storage capacitor
having one electrode connected to the liquid crystal capacitor,
the method includes supplying an i-th gate signal having an

Apr. 2,2009

i-th turn-on period to the i-th gate line, and supplying a boost
voltage to the other electrode of the storage capacitor during
a boost voltage-output period of boost-control signal, the
boost voltage includes a first edge and a second edge, the first
and second edges occur in the boost voltage-output period,
and the first turn-on period occurs between the first and sec-
ond edges.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Theabove and/or other aspects, features, and advan-
tages of the present invention will become more apparent
from the following detailed description when taken in con-
junction with the accompanying drawings, in which:

[0012] FIG. 1is a block diagram of an exemplary embodi-
ment of a liquid crystal display according to the present
invention;

[0013] FIG. 2 is an equivalent circuit diagram of an exem-
plary embodiment of one pixel of the liquid crystal display
according to the present invention in FIG. 1;

[0014] FIG. 3 is a schematic circuit diagram of an exem-
plary embodiment of an operation of the liquid crystal display
in FIG. 1;

[0015] FIGS. 4A and 4B are signal waveform timing charts
of an exemplary embodiment of an operation of the liquid
crystal display in FIG. 3;

[0016] FIG. 5 is a block diagram of an exemplary embodi-
ment of the gate driver in FIG. 3, according to the present
invention;

[0017] FIG. 6is an equivalent schematic circuit diagram of
an exemplary embodiment of the gate driver in FIG. 3,
according to the present invention;

[0018] FIG. 7is asignal waveform timing chart of an exem-
plary embodiment of an operation of the i-th stage in FIG. 6,
according to the present invention;

[0019] FIG. 8 is a block diagram of another exemplary
embodiment of a liquid crystal display according to the
present invention,;

[0020] FIG. 9isasignal waveform timing chart of an exem-
plary embodiment of an operation of the gate driver in FIG. 8,
according to the present invention;

[0021] FIG. 10 is an equivalent schematic circuit diagram
of the i-th stage;

[0022] FIGS. 11A and 11B are signal waveform timing
charts illustrating an exemplary embodiment of an operation
of the liquid crystal display in FIG. 8;

[0023] FIG. 12 is an equivalent schematic circuit diagram
of another exemplary embodiment of a boost voltage supplier
of a liquid crystal display according to the present invention;
[0024] FIG. 13 is an equivalent schematic circuit diagram
of another exemplary embodiment of a boost voltage supplier
of a liquid crystal display according to the present invention;
[0025] FIG. 14 is a signal waveform timing chart illustrat-
ing another exemplary embodiment an operation of the boost
voltage supplier in FIG. 13;

DETAILED DESCRIPTION OF THE INVENTION

[0026] The invention is described more fully hereinafter
with reference to the accompanying drawings, in which
exemplary embodiments of the invention are shown. The
present invention may, however, be embodied in many differ-
ent forms and should not be construed as being limited to the
embodiments set forth herein. Rather, these embodiments are
provided so that this disclosure will be thorough and com-
plete, and will fully convey the scope of the invention to those
skilled in the art. Like reference numerals refer to like ele-
ments throughout.
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[0027] Tt will be understood that when an element or layer
is referred to as being “on”, “connected to” or “coupled to”
another element or layer, it can be directly on, connected or
coupled to the other element or layer or intervening elements
or layers may be present. In contrast, when an element is
referred to as being “directly on,” “directly connected to” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. Like numbers refer to
like elements throughout. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

[0028] It will be understood that, although the terms first,
second, etc. may be used herein to describe various elements,
components, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not be
limited by these terms. These terms are only used to distin-
guish one element, component, region, layer or section from
another region, layer or section. Thus, a first element, com-
ponent, region, layer or section discussed below could be
termed a second element, component, region, layer or section
without departing from the teachings of the present invention.
[0029] Spatially relative terms, such as “beneath”,
“below”, “lower”, “above”, “upper” and the like, may be used
herein for ease of description to describe one element or
feature’s relationship to another element(s) or feature(s) as
illustrated in the figures. It will be understood that the spa-
tially relative terms are intended to encompass different ori-
entations of the device in use or operation in addition to the
orientation depicted in the figures. For example, if the device
in the figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary
term “below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0030] The terminology used herein is for the purpose of
describing particularembodiments only and is not intended to
be limiting of the invention. As used herein, the singular
forms, “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “includes” and/or
“including”, when used in this specification, specify the pres-
ence of stated features, integers, steps, operations, elements,
and/or components, but do not preclude the presence or addi-
tion of one or more other features, integers, steps, operations,
elements, components, and/or groups thereof.

[0031] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0032] Hereinafter, the present invention will be explained
in detail with reference to the accompanying drawings.
[0033] A liquid crystal display according to an exemplary
embodiment of the present invention and a driving method of
the same will hereinafter be described in further detail with
reference to FIGS. 1 through 7.

[0034] FIG.1 is a block diagram of an exemplary embodi-
ment of a liquid crystal display according to the present
invention. FIG. 2 is an equivalent circuit diagram of an exem-
plary embodiment of one pixel of the liquid crystal display
according to the present invention in FIG. 1. FIG. 3 is a
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schematic circuit diagram illustrating an exemplary embodi-
ment of an operation of the liquid crystal display in FIG. 1.
FIGS. 4A and 4B are signal waveform timing charts illustrat-
ing an exemplary embodiment of an operation of the liquid
crystal display in FIG. 3. FIG. § is a block diagram of an
exemplary embodiment of a gate driver in FIG. 3. FIG. 6 is an
equivalent schematic circuit diagram of an exemplary
embodiment of the gate driver in FIG. 3. FIG. 7 is a signal
waveform timing chartillustrating an exemplary embodiment
of an operation of the i-th stage in FIG. 6.

[0035] Referring to FIG. 1, an exemplary embodiment of an
LCD 10 according to the present invention comprises a liquid
crystal panel 300, a timing controller 500, a clock generator
600, a gate driver 400 and a data driver 700.

[0036] Theliquid crystal panel 300 is divided into a display
area DA, where animage is displayed, and a non-display area
PA, where an image is not displayed.

[0037] The display area DA includes a first substrate 100,
which includes a plurality of gate lines G1 to Gn, a plurality
of data lines D1 to Dm, a plurality of storage lines S1to Sn, a
pixel-switching element Qp (see F1G. 2) and pixel electrodes
PE formed thereon, a second substrate 200, which includes
color filters CF and a common electrode CE formed thereon
and a liquid crystal layer 150 interposed between the first
substrate 100 and the second substrate 200, such that an
image is displayed within the display area DA. The gate lines
G1 to Gn and the storage lines S1 to Sn extend in a first
direction i.e., a row direction, so as to be substantially in
parallel with one another, and the data lines D1 to Dm extend
in a second direction, i.e., a column direction, so as to be
substantially in parallel with one another. In exemplary
embodiments of the present invention, the first direction is
substantially perpendicular to the second direction.

[0038] Referring to FIG. 2, in exemplary embodiments, a
pixel PX includes a color filter CF which may be formed on an
area of the common electrode CE of the second substrate 200,
such that the color filter CF is disposed to face the pixel
electrode PE of the first substrate 100. In an exemplary
embodiment, the pixel PX, which is connected to ani-th gate
line Gi (i=1 to n) and to a j-th data line Dj (j=1 to m), includes
the pixel-switching element Qp, which is connected to a
signal line Gi, Dj, and the liquid crystal capacitor Clc and a
storage capacitor Cst which are connected to the pixel-
switching element Qp. In alternative exemplary embodi-
ments, the pixel-switching element Qp may be a thin film
transistor (“a-Si TFT”) made from amorphous silicon. Spe-
cifically, one electrode of the storage capacitor Cst is con-
nected to the liquid crystal capacitor Cle, the other electrode
of the storage capacitor Cst is connected to the storage line Si.
[0039] As shown in FIG. 2, according to an exemplary
embodiment, the first substrate 100 is larger in size than the
second substrate 200, such that the non-display area PA does
not display an image.

[0040] The timing controller 500 receives input RGB
image signals and an input-control signal, which controls
display of an image, from a graphics controller (not shown),
and supplies an image signal DAT and a data control signal
CONT1 to the data driver 700. In the current exemplary
embodiment, the timing controller 500 receives the input
control signal which includes, for example, a horizontal sync
signal Hsync, a main clock signal Mclk and a data enable
signal DE, and the timing controller 500 supplies the data
control signal CONT1 to the data driver 700. In the current
exemplary embodiment, the data control signal CONT1 con-
trols an operation of the data driver 700, and includes, for
example, a horizontal start signal which starts an operation of
data driver 700 and a load signal which instructs an output of
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two data voltages. However, the present invention is not lim-
ited thereto, and may vary as necessary.

[0041] The data driver 700 receives the image signal DAT
and the data control signal CONT1, and the data driver 700
supplies an image data voltage corresponding to the image
signal DAT to the lines D1 to Dm. In the current exemplary
embodiment, the data driver 700 is an integrated circuit
(“IC™), and 1s connected to the liquid crystal panel 300 in a
tape carrier package (“TCP”) manner, however, the present
invention is not limited thereto, and may vary as necessary. In
another exemplary embodiment, the data driver 700 may be
formed on the non-display area PA of'the liquid crystal panel
300.

[0042] Furthermore, the timing controller 500 supplies a
clock-generation-control signal CONT?2 to the clock genera-
tor 600, and supplies a scan-start signal STV and scan-direc-
tion-control signals DIR, DIRB to the gate driver 400. The
clock-generation-control signal CONT2 includes a gate clock
signal (not shown) which determines a timing when the gate
on voltage Von is output, an output enable signal (not shown)
which determines the pulse width of the gate-on voltage Von,
for example, but is not limited thereto, and may vary as
necessary.

[0043] The scan-direction-control signals DIR, DIRB may
control sequence of a turn-on period when the gate-on voltage
Von is applied to each of the gate lines G1~Gn. For example,
when a first scan-direction-control signal DIR is at a high
level and a second scan-direction-control signal DIRB is at a
low level (“forward-scan mode™), a first turn-on period of the
first gate line G1 begins first, a second turn-on period of the
second gate line G2 follows the first turn-on period, and third
to n-th turn-on periods of the third to n-th gate lines G3~Gn
begin sequentially. When a first scan-direction-control signal
DIR is at a low level and a second scan-direction-control
signal DIRB is at a high level (“reverse-scan mode”), an n-th
turn-on period of the n-th gate line Gn begins first, a (n-1)th
turn-on period of the (n-1)th gate line G(n-1) follows the n-th
turn-on period, and (n-2)th to first turn-on periods of the
(n-2) to first gate lines G(n-2)~G1 begin sequentially.
[0044] The clock generator 600 receives the clock-genera-
tion-control signal CONT2, and outputs the clock signal
CKYV and the clock bar signal CKVB which swings between
the gate-on voltage Von and the gate-off voltage Voff. In the
current exemplary embodiment, the clock signal CKV is an
inverse-phase signal of the clock bar signal CKVB.

[0045] The gate driver 400 receives scan-start signal STV,
scan-direction-control signals DIR, DIRB, the clock signal
CKYV and the clock bar signal CKVB and the gate-off voltage
Voff, and supplies the gate signals to the gate lines G1~Gn,
respectively. Furthermore, the gate driver 400 supplies a
boost voltage Vboost to the storage lines S1~8n sequentially.
The gate driver 400 will be described later in more detail with
reference to FIGS. 5 through 7.

[0046] The operation of the liquid crystal display 10 will
now described in more detail with reference to FIGS. 3 and
4A.

[0047] Referring to FIG. 3, the liquid crystal display 10
includes (i-1)th to (i+1)th gate lines G(i-1)~G(i+1), (i-1)th
to (i+1)th storage lines S(i-1)~S(i+1) and pixels connected to
the gate lines G(i-1)~G(i+1) and the storage lines S(i-1)~S
(i+1). Each of the pixels includes the liquid crystal capacitor
Clc and the storage capacitor Cst. One electrode of the liquid
crystal capacitor Clc is connected to the pixel-switching ele-
ment Qp, and the other electrode of the liquid crystal capaci-
tor Cle receives a common voltage Vcom. One electrode of
the storage capacitor Cst is connected to the liquid crystal
capacitor Clc, and the other electrode of the storage capacitor
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Cst is connected to the storage line Si. A boost-switching
element Qb applies the boost voltage to the storage line Si in
response to boost-control signal CONT3(i).

[0048] The operation of liquid crystal display 10 in a for-
ward-scan mode will now be described in more detail with
reference to FIGS. 3 and 4A.

[0049] First, the (i-1)th gate signal Gout(i-1) having the
(i-th turn-on period Pon(i-1) is supplied to the (i-1)th gate
line G(i-1). Then, the i-th gate signal Gout(i) having the i-th
turn-on period Pon(i) is supplied to the i-th gate line G(i). The
(i+1)th gate signal Gout(i+1) having the (i+1)th turn-on
period Pon(i+1) is supplied to the (i+1)th gate line G(i+1).
That is, the (i-1)th to (i+1)th turn-on period Pon(i-1)~Pon
(i+1) begins sequentially. According to an exemplary
embodiment, the turn-on period Pon(i-1)~Pon(i+1)is 1 hori-
zontal period 1H. During each of the turn-on periods Pon(i-
1)~Pon(i+1), the liquid crystal capacitor Cle is charged with
the data voltage.

[0050] The boost voltage Vboost swings between the high
level and the low level, and includes edges E1, E2. The edges
E1, E2 are a rising edge or a falling edge, respectively.
[0051] The i-th boost-control signal CONT3(7) includes a
boost voltage-output period Pb. For example, the i-th boost-
control signal CONT3(7) may be at the high level during the
boost voltage-output period. The boost-switching element Qb
is turned on during the boost voltage-output period Pb, and
supplies the boost voltage Vboost to the storage line Si. Here,
the boost voltage Vboost which is transmitted to the storage
line Si is referred to as a boost voltage Sout(i). Therefore, the
boost voltage Sout(i) of the storage line Si is as shown in FIG.
4A. According to the current exemplary embodiment, the first
and second edges E1, E2 occur in the boost voltage-output
period Pb, the i-th turn-on period Pon(i) occurs between the
first and second edges E1, E2. That is, the boost voltage-
output period Pb overlaps with the first edge El, the i-th
turn-on period Pon(i) and the second edge E2.

[0052] The voltage V_Clc of the liquid crystal capacitor
Clc is described as follows. When the i-th turn-on period
Pon(i) begins, the pixel-switching element Qp is turned on,
and then the liquid crystal capacitor Clc is charged with a data
voltage Vdat. In the current exemplary embodiment, the data
voltage Vdat may be negative with respect to the common
voltage Vcom.

[0053] Next, the pixel-switching element Qp is turned off
after the i-th turn-on period Pon(1), the second edge E2 of the
boost voltage Vboost is applied to the other of the storage
capacitor Cst. When the falling edge E2 is applied to the other
of the storage capacitor Cst, the voltage of the storage capaci-
tor Cst is lowered, and the voltage of the liquid crystal capaci-
tor Cle connected to the storage capacitor Cst is lowered. For
example, the capacitance of the storage capacitor Cst and the
capacitance of the liquid crystal capacitor Clc are same, the
voltage of the liquid crystal capacitor Clc is lowered by
Vboost/2 at the falling edge E2.

[0054] That is, the voltage of the liquid crystal capacitor
Clc is decreased by the second edge E2, which is applied to
the other of the storage capacitor Cst after the i-th turn-on
period Pon(i) so that the difference between the boosted volt-
age of the liquid crystal capacitor Cle and the common volt-
age Vcom becomes large. The difference between the boosted
voltage of the liquid crystal capacitor Clc and the common
voltage Vcom becomes larger than that of between the data
voltage Vdat and the common voltage Veom, and thus, power
consumption is reduced.

[0055] The operation of liquid crystal display 10 in a
reverse-scan mode is described in more detail in the following
with reference to FIGS. 3 and 4B.
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[0056] First, the (i+1)th gate signal Gout(i+1) having the
(i+1)th turn-on period Pon(i+1) is supplied to the (i+1)th gate
line G(i+1). Then, the i-th gate signal Gout(i) having the i-th
turn-on period Pon(i) is supplied to the i-th gate line G(i).
Next, the (i-1)th gate signal Gout(i-1) having the (i-1)th
turn-on period Pon(i-1) is supplied to the (i-1)th gate line
G(i-1). That is, the (i+1)th to (i-1)th turn-on period Pon(i+
1)~Pon(i-1) begins sequentially.

[0057] According to an exemplary embodiment, the boost
voltage Vboost comprises edges E1, E2.

[0058] Thei-th boost-control signal CONT3(i) comprises a
boost voltage-output period Pb. The first and second edges
E1, E2 occur in the boost voltage-output period Pb, the i-th
turn-on period Pon(i) occurs between the first and second
edges El1, E2. That is, the boost voltage-output period Pb
overlaps with the first edge E1, the i-th turn-on period Pon(i)
and the second edge.

[0059] The voltage V_Clc of the liquid crystal capacitor
Cleis described inthe following. When the i-th turn-on period
Pon(i) initiates, the pixel-switching element Qp is turned on,
and then the liquid crystal capacitor Clc is charged with a data
voltage Vdat. In the current exemplary embodiment, the data
voltage Vdat may be negative with respect to the common
voltage Vcom.

[0060] Next, the pixel-switching element Qp is turned off
after the i-th turn-on period Pon(i), the first edge E1 of the
boost voltage Vboost is applied to the other of the storage
capacitor Cst. When the falling edge E1 is applied to the other
of the storage capacitor Cst, the voltage of the storage capaci-
tor Cst is lowered, and the voltage of the liquid crystal capaci-
tor Clc connected to the storage capacitor Cst is lowered. For
example, the capacitance of the storage capacitor Cst and the
capacitance of the liquid crystal capacitor Clc are same, the
voltage of the liquid crystal capacitor Clc is lowered by
Vboost/2 at the falling edge E2.

[0061] Referring to FIGS.4A, 4B, the boost voltage Vboost
comprises the first edge E1 and the second edge E2 and the
edges E1, E2 occur in the boost voltage-output period Pb so
that the voltage V_Clc of the liquid crystal capacitor Clc is
decreased or amplified in the forward-scan mode and/or in the
reverse-scan mode. In the current exemplary embodiment,
the boost voltage-output period Pb may overlap the (i-1)th to
(i+1)th turn-on period Pon(i-1)~Pon(i+1).

[0062] The gate driver 400 is described below in more
detail, where the gate driver 400 operates in the forward-scan
mode is described.

[0063] Referring to FIGS. 1 and 5, the gate driver 400
includes a plurality of stages ST1 to STn+1, which are con-
nected to one another in a cascade manner. Each of the stages
ST1 to STn, except for the last stage STn+1, is connected to a
respective corresponding gate line of the plurality of gate
lines G1 to Gn and the storage line S(i), and the stages ST1 to
STn output gate signals Gout(1) to Gout(n) and the boost
voltage Sout(1) to Sout(n) during the boost voltage-output
period Pb, respectively. Each of the stages ST1 to STn+1
receives the boost voltage Vboost, the gate-off voltage Voff,
the clock signal CKYV, the clock bar signal CKVB and the
scan-direction-control signals DIR, DIRB. Fach of the stages
ST1 to STn+1 includes a first scan-direction terminal D1, a
second scan-direction terminal D2, a first clock terminal
CK1, a second clock terminal CK2, a set terminal S, a reset
terminal R, a power-supply-voltage terminal G, a boost volt-
age terminal B, a gate-output terminal OUT1 and a storage-
output terminal OUT2.

[0064] Among the stages ST1 to STn+1, a i-th(i=1) stage
STi, for example, includes a set terminal S to which a gate
signal Gout(i-1) of a previous stage ST(i-1) is input, a reset
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terminal R to which a gate signal Gout(i+1) of a next stage
ST(@+1)is input, a first clock terminal CK1 and a second clock
terminal CK2 to which the first clock signal CKV and the
clock bar signal CKVB are input, respectively, the power-
supply voltage terminal G to which the gate-off voltage Voff
is input, the first and second scan-direction terminals D1 and
D2 to which the scan-direction-control signals DIR, DIRB
are input, respectively, and the boost voltage terminal B to
which the boost voltage Vboost is input. The first scan-direc-
tion-control signal DIR is at high level and the second scan-
direction-control signal DIRB is at a low level. The i-th stage
STi includes a gate-output terminal OUT1 through which a
i-th gate signal Gout(i) is output, and a storage-output termi-
nal OUT?2 through which the boost voltage Sout(i) of the
boost voltage-output period Pb is output.

[0065] According to an exemplary embodiment, the scan-
start signal STV is input to the set terminal S of the first stage
ST1.

[0066] A gate signal Gout(n+1) of the last stage ST(n+1) is
input to a reset terminal R of the n-th stage STn. The scan-start
signal STV is input to a reset terminal R of the last stage
ST(n+1).

[0067] While, in the reverse-scan mode, the scan-start sig-
nal STV may be input to the reset terminal R of the (n+1)th
stage ST(n+1), and the first scan-direction-control signal DIR
may be at a low level and the second scan-direction-control
signal DIRB may be at high level.

[0068] The i-th stage STi is described in the following in
more detail with reference to FIGS. 6 and 7.

[0069] Referringto FIG. 6, the i-th stage STi includes a gate
signal supplier 410 and a boost voltage supplier 460. The gate
signal supplier 410 outputs the i-th gate signal Gout(i) to the
i-th gate lines Gi, and the boost voltage supplier 460 outputs
the boost voltage Sout(i) to the i-th storage line Si during the
boost voltage-output period Pb.

[0070] According to an exemplary embodiment, the gate
signal supplier 410 includes a pull-up-control unit 420, a
pull-up unit 430, a pull-down unit 440, and a holding unit 450.
In the forward-scan mode, the first scan-direction-control
signal DIR is at high level and the second scan-direction-
control signal DIRB is at a low level.

[0071] The pull-up-control unit 420 comprises transistors
T2, and T3. The gate of the transistor T2 receives the (i-1)th
gate signal Gout(i-1), and the transistor T2 outputs the first
scan-direction-control signal DIR to a first node N1 in
respond to the (i-1)th gate signal Gout(i-1). The gate of the
transistor T3 receives the (i+1)th gate signal Gout(i+1), and
the transistor T3 outputs the second scan-direction-control
signal DIRB to the first node N1 in respond to the (i+1)th gate
signal Gout(i+1).

[0072] The pull-up unit 430 comprises transistor T1 and a
capacitor C1 which connect the gate and the source of the
transistor T1. The gate of the transistor T1 is connected to the
first node N1, the drain of the transistor T1 receives the clock
signal CKV.

[0073] The pull-down unit 440 comprises a transistor T6,
the drain of the transistor T6 is connected to the source of the
transistor T1. The source of the transistor T6 receives the
gate-off voltage Voff, and the gate of the transistor T6 receives
the clock bar signal CKVB.

[0074] The holding unit 450 includes transistors T4, T5,
and T7. The gate of the transistor T4 is connected to a second
node N2, the drain of the transistor T4 is connected to the first
node N1, and the source of the transistor T4 is connected to
the gate-off voltage Voff. The gate of the transistor T5 is
connected to the second node N2, the drain of the transistor
T5 1s connected to the source of the transistor T1, and the
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source of the transistor T5 is connected to the gate-off voltage
Voff. The gate of the transistor T7 is connected to the first
node N1, the drain of the transistor T7 is connected to the
second node N2, and the source of the transistor T7 is con-
nected to the gate-off voltage Voff. According to an exem-
plary embodiment, the transistors T1 through T7 are a-Si
TFTs.

[0075] First, an operation in which the i-th gate signal Gout
(i) transitions to the gate-on voltage Von from the gate-off
voltage Voff is described in the following below.

[0076] During the (i-1)th turn-onperiod Pon(i-1), the tran-
sistor T2 of the pull-up-control unit 420 receives the (i-1)th
gate signal Gout(i-1) and the transistor T2 is turned on. The
transistor T2 outputs the first scan-direction-control signal
DIR to the first node N1. That is, the capacitor C1 of the
pull-up unit 430 is charged during the (i-1)th turn-on period
Pon(i-1).

[0077] After the capacitor C1 of the pull-up unit 430 is
charged, the transistor T1 is turned on and outputs the clock
signal CKV as the i-th gate signal Gout(i) during the i-th
turn-on period Pon(i)

[0078] Next, an operation in which the i-th gate signal
Gout(i) is held at the high level is described in the following.
[0079] When the i-th gate signal Gout(i) is at high level, the
transistor T7 of the holding unit 450 is turned on, and supplies
the gate-off voltage Voff to the gates of the transistors T4 and
T5. The transistor T4 is turned off and does not turn off the
transistor T. Also, the transistor T5 is turned off and does not
pull down the i-th gate signal Gout(i). That is, the holding unit
450 holds the i-th gate signal Gout(i) at high level during the
i-th turn-on period Pon(i).

[0080] Next, an operation in which the i-th gate signal
Gout(i) transitions to the gate-off voltage Voff from the gate-
on voltage Von is described in the following.

[0081] Duringthe (i+1)th turn-onperiod Pon(i+1), the tran-
sistor T6 of the pull-down unit 440 receives the clock bar
signal CLKB and is turned on. The transistor T6 pulls down
the i-th gate signal Gout(i) to the gate-off voltage Voff.
[0082] According to the current exemplary embodiment,
the transistor T3 of the pull-up-control unit 420 receives the
(i+1)th gate signal Gout(i+1), transistor T3 is turned on, and
transistor T3 supplies the second scan-direction-control sig-
nal DIRB to the first node N1. Therefore, the level of the first
node N1 is decreased to the low level, and the transistor T1 of
the pull-up unit 430 is turned off.

[0083] Next, an operation in which the i-th gate signal
Gout(i) is held at the low level is described in the following
below.

[0084] When the voltage of the first node N1 is at a low
level, the transistor T7 of the holding unit 450 is turned off and
does not supply the gate-off voltage Voff to the second node
N2. Thus, the voltage of the second node N2 varies according
to the clock signal CKV. For example, when the clock signal
CKYV is at the high level, the second node N2 is at high level
and the transistors T4 and T5 are turned on. The transistor T4
supplies the gate-off voltage Voff to first node N1 so that the
transistor T1 of the pull-up unit 430 is turned off and the first
capacitor C1 is discharged. Also, the transistor T5 holds the
i-th gate signal Gout(i) to the gate-off voltage Voff.

[0085] That is, the gate driver 400, as shown in FIG. 7,
outputs the clock signal CKV as the (i-2)th gate signal Gout
(i-2) during the (i-2)th turn-on period Pon(i-2) and outputs
the clock bar signal CKVB as the (i-1)th gate signal Gout(i-
1) during the (i-1)th turn-on period Pon(i-1) and outputs the
clock signal CKV as the i-th gate signal Gout(i) during the i-th
turn-on period Pon(i), and outputs the clock bar signal CKVB
as the (i+1)th gate signal Gout(i+1) during the (i+1)th turn-on
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period Pon(i+1), and outputs the clock signal CKV as the
(i+2)th gate signal Gout(i+2) during the (i+2)th turn-on
period Pon(i+2).

[0086] Next, the boost voltage supplier 460 is described
below in more detail.

[0087] According to an exemplary embodiment, the boost
voltage supplier 460 includes a first switching element 470, a
second switching element 480 and a switching unit 490. The
first switching element 470 is a diode-connected transistor
T8. The second switching element 480 is a diode-connected
transistor T9. The switching unit 490 includes transistors T10
and T11. According to the current exemplary embodiment,
the transistors T8 through T11 are a-Si TFTs.

[0088] During the (i-2)th turn-on period Pon(i-2), the tran-
sistor T10 of the switching unit 490 is turned on and supplies
the ground voltage to a third node N3. Thus, the i-th boost-
control signal CONT3(i) is at low level during the (i-2)th
turn-on period Pon(i-2). At this time, the transistors T8, T9,
and T11 are turned off.

[0089] During the (i-1)th turn-on period Pon(i-1), the
diode-connected transistor T8 supplies (i-1)th gate signal
Gout(i-1) to the third node N3. Thus, the i-th boost-control
signal CONT3(7) is at high level during the (i-1)th turn-on
period Pon(i-1). At this time, the transistors T9, T10,and T11
are turned off.

[0090] During (i+1)th turn-on period Pon(i+1), the diode-
connected transistor T9 supplies the (i+1)th gate signal Gout
(i+1) to the third node N3. Thus, the i-th boost-control signal
CONT3(i) is at high level during the (i+1)th turn-on period
Pon(i+1). At this time, the transistors T8, T10, and T11 are
turned off.

[0091] During the (i+2)-th turn-on period Pon(i+2), the
transistor T11 of the switching unit 490 is turned on and
supplies the ground voltage to the third node N3. Thus, the
i-th boost-control signal CONT3(i) is at low level during the
(14+2)th turn-on period Pon(i+2). At this time, the transistors
T8,T9, and T10 are turned off.

[0092] That is, the i-th boost-control signal CONT3 (i) is at
high level during the boost voltage-output period Pb as shown
in the FIGS. 4A, 4B, and 7. In the above exemplary embodi-
ments, the switching unit 490 includes two transistors T10
and T11, and each transistor operates in response to the (i-2)
th gate signal Gout(i-2) or the (i+2)th gate signal Gout(i+2).
However, the present invention is not limited thereto. For
example, the switching unit 490 may include at least one
transistor and supply the ground voltage during the period
except for the (i-1)th turn-on period Pon(i-1) and the (i+1)th
turn-on period Pon(i+1).

[0093] An LCD and a method of driving the same accord-
ing to another exemplary embodiment of the present inven-
tion is described hereinafter in further detail with reference to
FIGS. 8 through 11B.

[0094] FIG. 8 is a block diagram of an exemplary embodi-
ment of a liquid crystal display according to the present
invention. FIG. 9 is a signal waveform timing chart illustrat-
ing an exemplary embodiment of an operation of the gate
driver in FIG. 8. FIG. 10 is an equivalent schematic circuit
diagram of an exemplary embodiment of the i-th stage. FIGS.
11A and 11B are signal waveform timing charts illustrating
an exemplary embodiment of an operation of the liquid crys-
tal display in FIG. 8.

[0095] Referring to FIG. 8, the LCD 11 according to an
exemplary embodiment of the present invention includes an
LCD panel 300, a timing controller 501, the first and the
second clock generators 600a, and 6005, the first and second
gate drivers 400a and 4005, and a data driver 700.
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[0096] Each of the gate drivers 400a, 4005 output the gate
signals to a plurality of gate lines G1~G2n. For example, the
first gate driver 400a is connected to odd-numbered gate lines
G1~G(2n~1) among the gate lines G1~G2r and odd-num-
bered storage lines S1~S(2n~1) among the storage lines
S1~S82r, and the second gate driver 402 is connected to even-
numbered gate lines G2~G2r and even-numbered storage
lines S2~S2n. According to an exemplary embodiment, the
first and second drivers may not be apart from each other
physically.

[0097] Inmoredetail, the timing controller 501 supplies the
first clock-generation-control signal CONT2a to the first
clock generator 6004, and supplies the second clock-genera-
tion-control signal CONT2b to the second clock generator
6005. Also, the timing controller 501 supplies the first scan-
start signal STV_L to the first gate driver 400a, and supplies
the second scan-start signal STV_R to the second gate driver
4005. According to the current exemplary embodiment, the
first scan start signal STV_L and the second scan start signal
STV_R have a predetermined phase difference.

[0098] The first clock generator 600a receives the first
clock-generation-control signal CONT2a, generates the first
clock signal CKV_L and the first clock bar signal CKVB_L,
and supplies the first clock signal CKV_L and the first clock
bar signal CKVB_L to the first gate driver 400a. The second
clock generator 6004 receives the second clock-generation-
control signal CONT2b, generates the second clock signal
CKV_R, the second clock bar signal CKVB_R, and supplies
the second clock signal CKV_R, the second clock bar signal
CKVB_R to the second gate driver 4005. According to the
current exemplary embodiment, the first clock signal CKV_L
and the second clock signal CKV_R have a predetermined
phase difference.

[0099] Next, the gate drivers 400a, and 4005 are now
described in more detail with reference to FIGS. 9 and 10,
where the gate drivers 400a and 4005 operate in the forward-
scan mode.

[0100] Referringto FIG. 9, the first gate driver 4004 outputs
the (i-2)th gate signal Gout(i-2), the i-th gate signal Gout(i)
and the (i+2)th gate signal Gout(i+2). The second gate driver
4005 outputs the (i-1)th gate signal Gout(i-1) and the (i+1)th
gate signal Gout(i+1). In the forward-scan mode, the (i-2)th
turn-on period Pon(i-2) through the (i+2)th turn-on period
Pon(i+2) begin sequentially as shown in F1G. 9.

[0101] The first gate driver 400a receives the first clock
signal CKV_L and the first clock bar signal CKVB_ul and
outputs the (i-2)th gate signal Gout(i-2), the i-th gate signal
Gout(i) and the (1+2)th gate signal Gout(i+2). That is, the first
gate driver 400a outputs the first clock bar signal CKVB_L as
the (i-2)th gate signal Gout(i-2) during the (i-2)th turn-on
period Pon(i-2), outputs the first clock signal CKV_L as the
i-th gate signal Gout(i) during the i-th turn-on period Pon(i),
and outputs the first clock bar signal CKVB_L as the (i+2)th
gate signal Gout(+-2) during the (i+2)th turn-on period Pon
(i+2).

[0102] The second gate driver 4005 receives the second
clock signal CKV_R and the second clock bar signal CKVB_
R, and outputs the (i-1)th gate signal Gout(i-1) and the
(i+1)th gate signal Gout(i+1). According to the current exem-
plary embodiment, the second clock signal CKV_R has a
phase difference to that of the first clock signal CKV_L. That
is, the second gate driver 4005 outputs the second clock signal
CKV_R as the (i-1)th gate signal Gout(i-1) during the (i-1)
th turn-on period Pon(i-1), and outputs the second clock bar
signal CKVB_R as the (i+1)th gate signal Gout(i+1) during
the (i+1)th turn-on period Pon(i+1).
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[0103] Intheforward-scan mode,the (i-2)th turn-on period
Pon(i-2) through (i+2)th turn-on period Pon(i+2) begin
sequentially.

[0104] Each of the turn-on periods Pon(i-2) through Pon
(i+2) overlaps the adjacent another turn-on period. Each of
the turn-on periods Pon(i-2) through Pon(i+2) has a pre-
charge-period Ppre(i-2) to Ppre(i+2) and a main-charge-pe-
riod Pmain(i-2) to Pmain(i+2). The precharge-period Ppre(i)
of the i-th turn-on period Pon(i) overlaps the main charge
period Pmain(i-1) of the (i-1)th turn-on period Pon(i-1), and
the main charge period Pmain(i) of the i-th turn-on period
Pon(i) overlaps the precharge-period Ppre(i+1) of the (i+1)th
turn-on period Pon(i+1).

[0105] The i-th stage STi of the first gate driver 400a is
described hereinafter in further detail with reference to FIG.
10.

[0106] Referring to FIG. 10, the i-th stage STi includes a
gate signal supplier 410a and a boost voltage supplier 460a.
The gate signal supplier 410a outputs the i-th gate signal
Gout(i) to the i-th gate line Gi, and the boost voltage supplier
460a outputs the boost voltage Sout(i) to the i-th storage line
Si during the boost voltage-output period Pb.

[0107] The gate signal supplier 410a includes a pull-up-
control unit 420a, a pull-up unit 430a, a pull-down unit 440a
and a holding unit 450a. Further, referring to FIGS. 6 and 7,
the pull-up-control unit 420a of the gate signal supplier 4104
receives the (i-2)th gate signal Gout(i-2) and the (i+2)th gate
signal Gout(i+2), and outputs the first clock signal CKV_L as
the i-th gate signal Gout(i) during the i-th turn-on period
Pon(i), as shown in FIG. 11.

[0108] The boost voltage supplier 460a outputs the boost
voltage Sout(i) during the boost voltage-output period Pb
according to the boost-control signal CONT3(j) as shown in
FIG. 9. According to the current exemplary embodiment, the
boost voltage Vboost includes edges F1 and E2. The edges E1
and E2 may be a rising edge and a falling edge, respectively.
The i-th boost-control signal CONT3(7) includes the boost
voltage-output period Pb. Here, the first edge E1 and the
second edge E2 occur in the boost voltage-output period Pb,
the i-th turn-on period Pon(i) occurs between the first edge E1
and the second edge E2. That is, the boost voltage-output
period Pb overlaps the first edge E1, the i-th turn-on period
Pon(i) and the second edge E2. Also, the boost voltage-output
period Pb may overlap the (i-1)th turn-on period Pon(i-1)
and the (i+1)th turn-on period Pon(i+1).

[0109] According to an exemplary embodiment, the boost
voltage supplier 460a comprises the firsts switching element
470a, the second switching element 480« and a switching unit
490a. The first switching element 470a is a diode-connected
transistor T8. The second switching element 480a is a diode-
connected transistor T9. The switching unit 4904 may include
transistors T12 and T13.

[0110] The diode-connected transistor T8 supplies the
(i-1)th gate signal Gout(i-1) to the third node N3 during the
(i-1)th turn-on period Pon(i-1). According to an exemplary
embodiment, when the transistor T12 of the switching umt
490q receives the second clock signal CKV_R and turned on
supplies the (i-1)th gate signal Gout(i-1) to the third node
N3. The diode-connected transistor T9 and the transistor T13
of the switching unit 4904 are turned off.

[0111] The diode-connected transistor 19 supplies the
(i+1)th gate signal Gout(i+1) to third node N3 during the
(i+1)th turn-on period Pon(i+1). Here, the transistor T13 of
the switching unit 490a receives the second clock bar signal
CKVB_R and when turned on supplies the (i+1)th gate signal



US 2009/0086116 A1

Gout(i+1) to the third node N3. The diode-connected transis-
tor T8 and the transistor T12 of the switching unit 490a are
turned off.

[0112] After the (i-1)th turn-on period Pon(i-1) and the
(i+1)th turn-on period Pon(i+1), the transistors T12 and T13
of the switching unit 490a are enabled according the second
clock signal CKV_R and the second clock bar signal CKVB_
R, and supply the (i-1)th gate signal Gout(i-1) and the (i+1)
the gate signal Gout(i+1) to the third node N3, respectively.
[0113] Therefore, the boost voltage supplier 460a gener-
ates the i-th boost-control signal CONT3(i) that has the boost
voltage-output period Pb overlapping the (i-1)th turn-on
period Pon(i-1) and the (i+1)th turn-on period Pon(i+1), as
shown in FIG. 9.

[0114] The boost switching element Qb outputs the boost
voltage Sout(i) in response to the i-th boost-control signal
CONT3(i) during the boost voltage-output period Pb. The
transistors T8, T9, T12, and T13 are a-Si TFTs.

[0115] Operations of the LCD in the forward-scan mode
and reverse-scan mode are described with reference to FIGS.
3, 11A, and 11B.

[0116] Theoperationofthe LCD in the forward-scan mode
is described with reference to FIGS. 3 and 11A.

[0117] When the precharge-period Ppre(i) begins in thei-th
turn-on period Pon(i), the pixel-switching element Qp is
turned on, the data voltage applied to the liquid crystal capaci-
tor (not shown) connected with the (i-1)th gate line G(i-1) is
applied to the liquid crystal capacitor Clc connected to the i-th
gate line G(i), and the liquid crystal capacitor Clc is pre-
charged with the predetermined voltage Vpre, and the liquid
crystal capacitor Clc is charged with an image-data voltage
Vdat during the main-charge-period Pmain(i).

[0118] After the i-th turn-on period Pon(i), the pixel-
switching element Qp is turned off, the storage capacitor Cst
receives the second edge E2 of the boost voltage Vboost.
When the falling edge F2 is supplied to the storage capacitor
Cst, the voltage level of the storage capacitor Cst is lowered
with respect to the common voltage Vcom, and the voltage
level of liquid crystal capacitor Clc connected to the storage
capacitor Cst is lowered with respect to the common voltage
Veom. For example, the capacitance of the storage capacitor
Cst and the capacitance of the liquid crystal capacitor Clc are
the same, and the voltage of the liquid crystal capacitor Clc is
lowered by Vboost/2 according to the falling edge E2.
[0119] That is, the voltage of the liquid crystal capacitor
Clc is decreased by the second edge E2, which is applied to
the other of the storage capacitor Cst after the i-th turn-on
period Pon(i) so that the difference between the boosted volt-
age of the liquid crystal capacitor Clc and the common volt-
age Vcom becomes large.

[0120] The operation of the LCD in the reverse-scan mode
is described with reference to FIGS. 3 and 11B.

[0121] The (i+2)th through (i-2)th turn-on periods Pon(i+
2)~Pon(i-2) begin sequentially.

[0122] The precharge-period Ppre(i) in the i-th turn-on
period Pon(i) overlaps the main-charge-period Pmain(i+1) of
the (i+1)th turn-on period (Pon(i+1)), and the main-charge-
period Pmain(i) of the i-th turn-on period Pon(i)) overlaps the
precharge-period Ppre(i-1) of the (i-1)th turn-on period Pon
(i+1).

[0123] Theboost voltage Vboost includes edges E1 and E2.
[0124] Thei-thboost-control signal CONT3(¥) includes the
boost voltage-output period Pb. As described above, the first
and second edges E1 and E2 occur in the boost voltage-output
period Pb, the i-th turn-on period Pon(i) occurs between the
first edge E1 and the second edge E2. That is, the boost
voltage-output period Pb overlaps the first edge E1, the i-th
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turn-on period Pon(i) and the second edge E2. According to
an exemplary embodiment, the boost voltage-output period
Pb may overlap the (i-1)th turn-on period Pon(i-1) and the
(i+1)th turn-on period Pon(i+1).

[0125] When the precharge-period Ppre(i) of the i-th turn-
on period Pon(i) begins, the pixel-switching element Qp is
turned on, the data voltage applied to the liquid crystal capaci-
tor (not shown) connected with the (i+1)th gate line G(i+1) is
applied to the liquid crystal capacitor Clc connected to thei-th
gate line G(i), and the liquid crystal capacitor Clc is pre-
charged with the predetermined voltage Vpre, and the liquid
crystal capacitor Clc is charged with an image-data voltage
Vdat during the main charge period Pmain(i).

[0126] After the i-th turn-on period Pon(i), the pixel-
switching element Qp is turned off, the storage capacitor Cst
receives the first edge F1 of the boost voltage Vboost. When
the rising edge E1 is supplied to the storage capacitor Cst, the
voltage level of the storage capacitor Cst is increased with
respect to the common voltage Vcom, and the voltage level of
liquid crystal capacitor Clc connected to the storage capacitor
Cst is increased with respect to the common voltage Vcom.
For example, the capacitance of the storage capacitor Cst and
the capacitance of the liquid crystal capacitor Clc are the
same, and the voltage of the liquid crystal capacitor Clc is
increased by Vboost/2 according to the rising edge E1.
[0127] That is, when the boost voltage Vboost includes the
first edge E1 and the second edge E2, the edges E1, and E2
occur during the boost voltage-output period Pb, and the i-th
turn-on period Pon(i) occurs between the firstedge E1 and the
second edge E2, the voltage of liquid crystal capacitor Cle is
boosted up or decreased in the forward-scan mode or the
reverse-scan mode. According to an exemplary embodiment,
the boost voltage-output period Pb may overlap with the
(i-1)th turn-on period Pon(i-1) through the (i+1)th turn-on
period.

[0128] However, the present invention is not limited
thereto, and the boost voltage supplier 4602 may be included
in the second gate drivers 4005.

[0129] An LCD according to another exemplary embodi-
ment of the present invention is described hereinafter in fur-
ther detail with reference to FIG. 12. FIG. 12 is an equivalent
schematic circuit diagram of a boost voltage supplier of a
liquid crystal display according to another exemplary
embodiment of the present invention.

[0130] Referring to FIGS. 9, and 12, the boost voltage
supplier 4614 includes a first switching element T12, a sec-
ond switching element T13, a third switching element T14,
and a fourth switching element T15.

[0131] The first switching element T12 supplies the (i-1)
gate signal Gout(i-1) to the third node N3 during the (i-1)th
turn-on period Pon(i-1), and the second switching element
T13 supplies the (i+1)th gate signal Gout(i+1) to the third
node N3 during the (i+1)th turn-on period Pon(i+1), and the
third switching element T14 supplies the (i-1)th gate signal
Gout(i-1) to the third node N3 in the (i-2)th turn-on period
Pon(i-2), and the fourth switching element T15 supplies the
(i+1)th gate signal Gout(i+1) to the third node N3 in the
(1+2)th turn-on period Pon(i+2).

[0132] Inmore detail, the third switching element T14 sup-
plies the (i-1)th gate signal Gout(i-1) to the third node N3
during the precharge-period Ppre(i-2) in the (i-2)th turn-on
period Pon(i-2) so that the i-th boost-control signal CONT3
(i) is at low level during the (i-2)th turn-on period Pon(i-2).
[0133] Thefirst switching element T12 receives the second
clock signal CKV_R and is turned on and supplies the (i-1)
gate signal Gout(i-1) to the third node N3 during the (i-1)th
turn-on period Pon(i-1) so that the i-th boost-control signal
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CONT3(i) is at high level during the (i-1)th turn-on period
Pon(i-1). Here, the second switching element T13 and the
fourth switching element T15 are turned off.

[0134] Thesecond switching element T13 receives the sec-
ond clock bar signal CKVB_R and is turned on and supplies
the (i+1) gate signal Gout(i+1) to the third node N3 during the
(i+1) turn-on period Pon(i+1) so that the i-th boost-control
signal CONT3(}) is at high level during the (i+1)th turn-on
period Pon(i+1). Here, the first switching element T12 and the
third switching element T14 are turned off.

[0135] The fourth switching element T15 supplies the (i+1)
th gate signal Gout(i+1) to the third node N3 during the
main-charge-period Pmain(i+2) in the (i+2)th turn-on period
Pon(i+2) so that the i-th boost-control signal CONT3(i) is at
low level during the (i-2)th turn-on period Pon(i-2). Accord-
ing to the current exemplary embodiment, the switching ele-
ments T12~T15 are a-Si TFTs.

[0136] That is, the first through fourth switching elements
T12~15 supply the i-th boost-control signal CONT3(i) to the
third node N3 during the boost voltage-output period Pb as
shown in the FI1G. 9. Here the boost voltage-output period Pb
may overlap the (i-1)th turn-on period Pon(i-1) and the (i+1)
th turn-on period Pon(i+1).

[0137] An LCD according to another exemplary embodi-
ment of the present invention is described hereinafter in fur-
ther detail with reference to FIGS. 13 and 14. FIG. 13 is an
equivalent schematic circuit diagram of a boost voltage sup-
plier of a liquid crystal display according to another exem-
plary embodiment of the present invention, and FIG. 14 is a
signal waveform timing chart illustrating an operation of the
boost voltage supplier in FIG. 13.

[0138] Referring to FIGS. 13 and 14, the boost voltage
supplier 462¢ includes a first switching element T12, a sec-
ond switching element T13, and switching units T16, T17.

[0139] The first switching element T12 supplies the (i-1)th
gate signal Gout(i-1) to the third node N3 during the (i-1)th
turn-on period Pon(i-1). The second switching element T13
supplies the (i+1) gate signal Gout(i+1) to the third node N3.
The switching unit T16, T17 supplies the ground voltage to
the third node N3.

[0140] The third switching element T16 receives the (i-3)
th gate signal Gout(i-3) during the (i-3)th turn-on period
Pon(i-3) and when turned on supplies the ground voltage to
the third node N3 so that the i-th boost-control signal CONT3
(1) 1s at low level during the (i-3)th turn-on period Pon(i-3).
[0141] The first switching element T12 receives the second
clock signal CKV_R during the (i-1)th turn-on period Pon
(i-1) and when turned on supplies the (i-1)th gate signal
Gout(i-1) to the third node N3 so that the i-th boost-control
signal CONT3(7) is at high level during the (i-1)th turn-on
period Pon(i-1). The second switching element T13 and the
fourth switching element T17 are turned off.

[0142] Next, during the (i+1)th turn-on period (Pon(i+1),
the second switching element T13 receives the second clock
bar signal CKVB_R and is turned on and supplies the (i+1)th
gate signal Gout(i+1) to the third node N3 so that the boost-
control signal CONT3(i) is at high level during the (i+1)th
turn-on period Pon(i+1). The first switching element T12 and
the third switching element T16 are turned off.

[0143] Next, the fourth switching element T17 receives the
(1+3) gate signal Gout(i+3) during the (i+3)th turn-on period
Pon(i+3) and is turned on and supplies the ground voltage to
the third node N3 so that the i-th boost-control signal CONT3
(i) is at low level during the (i+3)th turn-on period Pon(i+3).
According to the current exemplary embodiment, the switch-
ing elements T12, T13, T16, and T17 are a-Si TFTs.
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[0144] That is, the first through fourth switching elements
T12, T13, T16, and T17 supply the i-th boost-control signal
CONT3(i) at high level during the boost voltage-output
period Pb to the third node N3 as shown in FIG. 13. According
to the current exemplary embodiment, the boost voltage-
output period Pb overlaps the (i-1)th turn-on period Pon(i-1)
and the (i+1)th turn-on period Pon(i+1).

[0145] As described above, according to the liquid crystal
display and the driving method of the same of present inven-
tion, power consumption is decreased in the forward-scan
mode and the reverse-scan mode.

[0146] While the present invention has been shown and
described with reference to some exemplary embodiments
thereof, it should be understood by those of ordinary skill in
the art that various changes in form and details may be made
therein without departing from the spirit and scope of the
present invention as defined by the appending claims.

What is claimed is:

1. A liquid crystal display comprising:

a liquid crystal capacitor charged with a data voltage dur-

ing a first turn-on period of a first gate signal,

a storage capacitor having an electrode connected to the

liquid crystal capacitor; and

a driving unit which supplies a boost voltage to another

electrode of the storage capacitor during a boost voltage-
output period of a boost-control signal,

wherein the boost voltage includes a first edge and a second

edge, the first and second edges occur in the boost volt-
age-output period, and the first turn-on period occurs
between the first and second edges.

2. The liquid crystal display of claim 1, wherein the data
voltage of liquid crystal capacitor is boosted up or decreased
by the first edge or the second edge supplied to the other
electrode of the storage capacitor after the first turn-on period.

3. The liquid crystal display of claim 1, further comprising:

a first gate line connected to the liquid crystal capacitor,

which receives the first gate signal; and

a second gate line connected to the liquid crystal capacitor,

which receives a second gate signal having a second
turn-on period,

wherein the second turn-on period begins after a first turn-

on period begins in a forward-scan mode, while the first
turn-on period begins after the second turn-on period
begins in a reverse-scan mode.

4. The liquid crystal display of claim 3, wherein the data
voltage of liquid crystal capacitor is boosted up or decreased
after the first turn-on period in the forward-scan mode and in
the reverse-scan mode, respectively.

5. The liquid crystal display of claim 3, wherein, in the
forward-scan mode, the first edge is supplied to the other
electrode of the storage capacitor after the first turn-on period,
and the voltage of liquid crystal capacitor is boosted up or
decreased, while, in the reverse-scan mode, the second edge is
supplied to the other electrode of the storage capacitor after
the first turn-on period, and the voltage of liquid crystal
capacitor is boosted up or decreased.

6. A liquid crystal display comprising:

first to n-th gate lines;

a liquid crystal capacitor connected to the i(1=i=n)-th

gate line;

a storage capacitor having an electrode connected to the

liquid crystal capacitor; and

a gate driver which supplies first to n-th gate signals to the

first to n-th gate lines and which supplies a boost voltage
to another electrode of the storage capacitor during a
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boost voltage-output period of a boost-control signal,
each of the first to n-th gate signals having first to n-th
turn-on periods, respectively,

wherein the liquid crystal capacitor is charged with a data

voltage during the i-th turn-on period, and the voltage of
the liquid crystal capacitor is boosted up or decreased
according to the boost voltage after the i-th turn-on
period in the forward-scan the mode in which the first to
n-th turn-on period begins sequentially, or in thereverse-
scan mode in which the n-th to first turn-on period begins
sequentially.

7. The liquid crystal display of claim 6, wherein the gate
driver comprises first to n-th stages, the i-th stage comprising
a gate signal supplier which outputs the i-th gate signal and a
boost voltage supplier which supplies the boost voltage to the
other electrode of the storage capacitor during the boost volt-
age-output period.

8. The liquid crystal display of claim 7, wherein the boost
voltage supplier comprises:

aboost-control signal generator which generates the boost-

control signal having the boost voltage-output period,
and

a switching unit being enabled during the boost voltage-

output period and supplies the boost voltage to the other
electrode of the storage capacitor.

9. The liquid crystal display of claim 8, wherein the boost
voltage-output period overlaps the (i-1)th turn-on period of
the (i-1)th gate signal and the (i+1)th turn-on period of the
(i+1)th gate signal.

10. The liquid crystal display of claim 9, wherein the boost-
control signal generator outputs the boost-control signal to an
output node, the boost-control signal generator comprising:

a first switching element which supplies the (i-1)th gate

signal at a first level to the output node during the (i-1)th
turn-on period,;
asecond switching element which supplies the (i+1)th gate
signal at the first level to the output node during the
(i+1)th turn-on period; and

a switching unit changes the output node to a second level
after the (i-1)th turn-on period and the (i+1)th turn-on
period.

11. The liquid crystal display of claim 10, wherein the first
and second switching elements are diode-connected amor-
phous silicon thin film transistors, respectively, and the
switching unit comprises an amorphous silicon thin film tran-
sistor.

12. The liquid crystal display of claim 9, wherein the boost-
control signal generator outputs the boost-control signal to an
output node, the boost-control signal generator comprising:

a first switching element which supplies the (i-1)th gate

signal at a first level to the output node during the (i-1)th
turn-on period,;
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asecond switching element which supplies the (i+1)th gate
signal at the first level to the output node during the
(i+1)th turn-on period;

a third switching element which supplies the (i-1)th gate
signal ata second level to the output node during at least
one portion of the (i-2)th turn-on period; and

a fourth switching element which supplies the (i+1)th gate
signal at the second level to the output node during at
least one portion of the (i+2)th turn-on period.

13. The liquid crystal display of claim 12, wherein the first
to fourth switching elements are amorphous silicon thin film
transistors, respectively.

14. The liquid crystal display of claim 7, wherein the boost
voltage comprises a first edge and a second edge, the first and
second edges occur in the boost voltage-output period, and
the first turn-on period occurs between the first and second
edges.

15. The liquid crystal display of claim 14, wherein the data
voltage of liquid crystal capacitor is boosted up or decreased
by the first edge or the second edge supplied to the other
electrode of the storage capacitor after the i-th turn-on period.

16. The liquid crystal display of claim 7, wherein the gate
signal supplier comprises an amorphous silicon thin film
transistor which outputs the i-th gate signal.

17. A method of driving a liquid crystal display including
first to n-th gate lines, a liquid crystal capacitor connected to
the i(1=1=n)-th gate line and a storage capacitor having an
electrode connected to the liquid crystal capacitor, the
method comprising:

supplying i-th gate signal having i-th turn-on period to the
i-th gate line, and supplying a boost voltage to another
electrode of the storage capacitor during a boost voltage-
output period of a boost-control signal,

the boost voltage having a first edge and a second edge, the
first and second edges occur in the boost voltage-output
period, and the first turn-on period occurs between the
first and second edges.

18. The method of claim 17, further comprising:

charging the liquid crystal capacitor with a data voltage
during the i-th turn-on period,

boosting up or decreasing the data voltage of the liquid
crystal capacitor according to the first edge or the second
edge after the i-th turn-on period.

19. The method of claim 17, wherein supplying the boost

voltage comprises:

generating the boost-control signal having the boost volt-
age-output period, and

supplving the boost voltage to the other electrode of the
storage capacitor.

20. The method of claim 19, wherein generating the boost-
control signal comprises overlapping the boost voltage-out-
put period with the (i-1)th turn-on period of the (i-1)th gate
signal and the (i+1)th turn-on period of the (i+1 )th gate signal.

® %k % ok



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

BERETERRERER X

US20090086116A1 K (AE)B
US12/238609 FER
ZERETFHRASH

SAMSUNG ELECTRONICS CO. , LTD.

=EDISPLAY CO., LTD.

patsnap

2009-04-02

2008-09-26

FRI& B A PAK SANG JIN

RAAN PAK, SANG-JIN

IPCH 35 GO02F1/1343

CPCHES G09G3/3655 G09G3/3677 G09G2330/021 G09G2310/0283 G09G2310/08 G09G2300/0876

L A 1020070098166 2007-09-28 KR

H et 2 FF 32K US8059219

SNERaE Espacenet USPTO

HE(%) w W
REERE (LCD ) REEH . LCDBEEE—MRESHE—F £ -

B EME MR EYRRLASE  AEERERERARN - 0 |, /
SR HBEBRNAS — AERGESENRD B AEAEBRHE 7 Jomua[ O | o |

SHAEEERHARYRFHERBRNEE, AEREERF LA
MEZLR , F-—NFE-DRHAEAEEERENRS  AEE-F con2
B RHAEFE -ME LR 2E, -

Melk ~——1

Von ——{
CLOCK

GENERATOR
Voff —={ -

CKV

CKVB

Voff

Vboost —

600



https://share-analytics.zhihuiya.com/view/16f58c42-c6b9-4587-83e9-a0db4a5e39ed
https://worldwide.espacenet.com/patent/search/family/040157650/publication/US2009086116A1?q=US2009086116A1
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=%2220090086116%22.PGNR.&OS=DN/20090086116&RS=DN/20090086116

