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SCAN DRIVER, DISPLAY DEVICE HAVING
THE SAME AND METHOD OF DRIVING A
DISPLAY DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional of U.S. patent appli-
cation Ser. No. 11/488,363, filed on Jul. 18, 2006, which
claims priority to Korean Patent Application No. 2005-68681
filed on Jul. 28, 2005 and all the benefits accruing therefrom
under35U.S.C. §119, and 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 scan driver, a
display device having the scan driver, and a method of driving
the display device. More particularly, the present invention
relates to a scan driver enhancing display quality of a display
device, a display device having the scan driver, and a method
of driving the display device.

[0004] 2. Description of the Related Art

[0005] A display device converts electric signals processed
by an information process device into an image. Examples of
the display device include a liquid crystal display (“LCD”)
device, an organic light-emitting diode (“OLED”) device, a
plasma display panel (“PDP”), etc.

[0006] The LCD device has many merits, and is therefore
used in various fields. The LCD device includes a plurality of
gate lines extended along a first direction of an array sub-
strate, a plurality of source lines extended along a second
direction of the array substrate that is substantially perpen-
dicular to the first direction, and a plurality of liquid crystal
capacitors each electrically connected to one of the gate lines
and one of the source lines.

[0007] The gate lines are activated in sequence. When one
of the gate lines is activated, a data voltage is applied to the
liquid crystal capacitors through the source lines, so that the
liquid crystal capacitors are electrically charged. When the
liquid crystal capacitors are electrically charged, electric
fields are generated between a pixel electrode on the array
substrate and a common electrode, disposed on an opposite
substrate, defining the liquid crystal capacitor. When electric
fields are generated between the pixel electrode and the com-
mon electrode, an arrangement of liquid crystal molecules of
aliquid crystal layer disposed between the pixel electrode and
the common electrode is changed. As a result, an optical
transmittance of the liquid crystal layer is changed to display
an image.

[0008] A time period during which first through last gate
lines are activated is referred to as one frame.

[0009] As a size of the display device increases, and a
resolution of the display device is enhanced, a number of gate
lines increases. However, one frame is fixed. As a result, a
time for activating each gate line decreases.

[0010] The data voltage is applied to the liquid crystal
capacitor while the gate line is activated. Thus, when the time
for activating the gate line decreases, a time for electrically
charging the liquid crystal capacitor also decreases, so that a
voltage of the liquid crystal capacitor may not arrive at the
data voltage. In other words, a charging rate of the liquid
crystal capacitor is lowered.

Feb. 7,2013

[0011] Furthermore, when a driving frequency is raised in
order to reduce afterimage effects, the time for electrically
charging the liquid crystal capacitor is further reduced.

BRIEF SUMMARY OF THE INVENTION

[0012] Exemplary embodiments of the present invention
provide a scan driver capable of fully charging the liquid
crystal capacitor, even when the time for electrically charging
the liquid crystal capacitor is reduced.

[0013] Exemplary embodiments of the present invention
also provide a display device having the scan driver.

[0014] Exemplary embodiments of the present invention
also provide a method of driving a display device, which is
capable of fully charging the liquid crystal capacitor, even
when the time for electrically charging the liquid crystal
capacitor is reduced.

[0015] Inanexemplary scandriver according to exemplary
embodiments of the present invention, the scan driver drives
a display device having a plurality of gate lines transferring
scan signals and a plurality of source lines transferring data
signals. The scan driver includes a shift register and a multiple
signal applying unit. The shift register includes a plurality of
cascade-connected stages, each stage having an output termi-
nal electrically connected to a respective one of the plurality
of gate lines. The multiple signal applying unit applies a sub
scan signal and a main scan signal. The sub scan signal and
the main scan signal sequentially activate each of the plurality
of gate lines.

[0016] Preferably, each of the sub scan signal and the main
scan signal has a pulse width of H, and a time period between
a rising edge of the sub scan signal and a rising edge of the
main scan signal is ‘“HxI’, wherein ‘I’ represents a natural
number greater than one.

[0017] Preferably, ‘I’is a least common multiple of a polar-
ity period of a data voltage applied to each of the gate lines
along the source lines, and a clock number for driving the shift
register. For example, a value of ‘I’ is one of two, three and
four.

[0018] For example, the multiple signal applying unit
includes a starting part and an ending part. Each of the starting
part and the ending part includes ‘I” number of stages. A last
stage of the starting part is cascade-connected to a first stage
of the shift register, and a last stage of the shift register is
cascade-connected to a first stage of the ending part. A scan
start signal for driving the shift register is simultaneously
applied to both of a first stage of the starting part and the first
stage of the shift register.

[0019] Preferably, the scan driver may further include a
diode formed on a line through which the scan start signal is
applied to the first stage of the shift register in order to prevent
a carry signal outputted from the last stage of the starting part
from being applied to the first stage of the starting part.

[0020] Forexample, the multiple signal applying unit com-
prises ‘I’ number of cascaded connected stages. A last stage of
the shift register is cascade-connected to a first stage of the
multiple signal applying unit. A scan start signal for driving
the shift register includes a sub scan signal and a main scan
signal. The main scan signal is applied to a first transistor of
the shift register after the sub scan signal is applied to the first
transistor of the shift register.

[0021] Preferably, each of the sub scan signal and the main
scan signal has a pulse width of H, and a time period between
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a rising edge of the sub scan signal and a rising edge of the
main scan signal is ‘HxI’, wherein ‘I’ represents a natural
number greater than one.

[0022] Preferably, ‘I’is a least common multiple of a polar-
ity period of a data voltage applied to each of the gate lines
along the source lines, and a clock number for driving the shift
register. For example, a value of ‘I’ is one of two, three and
four.

[0023] In an exemplary display device according to exem-
plary embodiments of the present invention, the display
device includes a liquid crystal display (“LCD”) panel and a
scan driver. The LCD panel includes a plurality of gate lines
transferring scan signals, and a plurality of source lines trans-
ferring data signals. The scan driver includes a shift register
including a plurality of cascade-connected stages, each stage
having an output terminal electrically connected to a respec-
tive one of the plurality of gate lines. A scan start signal for
driving the shift register comprises a sub scan signal and a
main scan signal, the main scan signal applied to a first
transistor of the shift register after the sub scan signal is
applied to the first transistor of the shift register. A liquid
crystal capacitor of the display device receives a first data
signal at a first time when the sub scan signal is applied and
receives a second data signal at a second time when the main
scan signal is applied.

[0024] In another exemplary display device according to
exemplary embodiments of the present invention, the display
device includes an LCD panel and a scan driver. The LCD
panel includes a plurality of gate lines transferring scan sig-
nals, and a plurality of source lines transferring data signals.
The scan driver includes a shift register and a multiple signal
applying unit. The shift register includes a plurality of cas-
cade-connected stages, each stage having an output terminal
electrically connected to a respective one of the plurality of
gate lines. The multiple signal applying unit applies a sub
scan signal and a main scan signal. The sub scan signal and
the main scan signal sequentially activate each of the plurality
of gate lines.

[0025] In an exemplary method of driving an exemplary
display device, an N-th gate line and an (N+1)-th gate line are
simultaneously activated. Then, data voltages are applied to
liquid crystal capacitors electrically connected to the N-th
gate line and the (N+I)-th gate line.

[0026] Preferably, the data voltage applied to the liquid
crystal capacitors electrically connected to the N-th gate line
and the (N+I)-th gate line corresponds to liquid crystal
capacitors electrically connected to the N-th gate line.
[0027] Preferably, ‘I’is a least common multiple of a polar-
ity period of a data voltage applied to each of the gate lines
along the source lines, and a clock number for driving the shift
register. For example, a value of ‘I is one of two, three and
four.

[0028] According to exemplary embodiments of the
present invention, the scan lines receive the scan signal twice,
so that the liquid crystal capacitors electrically connected to
the gate lines receive the data voltage twice. Therefore, even
though the time for charging the liquid crystal capacitors may
be reduced, the liquid crystal capacitors may be fully charged
to enhance display quality.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The above and other features and advantages of the
present invention will become more apparent by describing in
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detailed exemplary embodiments thereof with reference to
the accompanying drawings, in which:

[0030] FIG. 11is a block diagram illustrating an exemplary
display device having an exemplary scan driver according to
an exemplary embodiment of the present invention;

[0031] FIG. 2is a block diagram illustrating an exemplary
starting part of an exemplary multiple signal applying unit of
the exemplary scan driver in FIG. 1,

[0032] FIG. 3 is a block diagram illustrating an exemplary
liquid crystal display (“LLCD”) panel in F1G. 1;

[0033] FIG. 4 is a timing diagram illustrating input and
output signals of the exemplary scan driver in FIG. 1,
[0034] FIG. 51is a block diagram illustrating an exemplary
ending part of an exemplary multiple signal applying unit of
the exemplary scan driver in FIG. 1;

[0035] FIG. 6is a block diagram illustrating an exemplary
display device having an exemplary scan driver according to
another exemplary embodiment of the present invention,
[0036] FIG. 7 is a timing diagram illustrating input and
output signals of the exemplary scan driver in FIG. 6 accord-
ing to a column inversion driving method;

[0037] FIG. 8 is a timing diagram illustrating input and
output signals of the exemplary scan driver in FIG. 6 accord-
ing to a dot inversion driving method,;

[0038] FIG. 9 is a timing diagram illustrating input and
output signals of the exemplary scan driver in FIG. 6 accord-
ing to a 2x1 inversion driving method,

[0039] FIG. 10 is an equivalent circuit diagram illustrating
an exemplary stage of an exemplary multiple signal applying
unit and an exemplary shift register of the exemplary scan
driver in FIGS. 1 and 6;

[0040] FIG. 11 is a timing diagram illustrating input and
output signals of the exemplary scan driver in an exemplary
display device employing the exemplary stages in FIG. 10;
[0041] FIGS.12A and 12B are layouts illustrating an exem-
plary multiple signal applying unit and the exemplary shift
register in F1G. 10; and

[0042] FIG. 13 is a flow chart illustrating an exemplary
method of driving an exemplary display device according to
an exemplary embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0043] The invention is described more fully hereinafter
with reference to the accompanying drawings, in which
embodiments of the invention are shown. This invention may,
however, be embodied in many different forms and should not
be construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclo-
sure will be thorough and complete, and will fully convey the
scope of the invention to those skilled in the art. In the draw-
ings, the size and relative sizes of layers and regions may be
exaggerated for clarity.

[0044] It 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.
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[0045] 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 “comprises” and/
or “comprising,” when used in this specification, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.
[0046] Embodiments of the invention are described herein
with reference to cross-sectionillustrations that are schematic
illustrations of idealized embodiments (and intermediate
structures) of the invention. As such, variations from the
shapes of the illustrations as a result, for example, of manu-
facturing techniques and/or tolerances, are to be expected.
Thus, embodiments of the invention should not be construed
as limited to the particular shapes of regions illustrated herein
but are to include deviations in shapes that result, for example,
from manufacturing. For example, an implanted region illus-
trated as a rectangle will, typically, have rounded or curved
features and/or a gradient of implant concentration at its
edges rather than a binary change from implanted to non-
implanted region. Likewise, a buried region formed by
implantation may result in some implantation in the region
between the buried region and the surface through which the
implantation takes place. Thus, the regions illustrated in the
figures are schematic in nature and their shapes are not
intended to illustrate the actual shape of a region of a device
and are not intended to limit the scope of the invention.
[0047] 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.

[0048] FIG. 1is a block diagram illustrating an exemplary
display device having an exemplary scan driver according to
an exemplary embodiment of the present invention.

[0049] Referring to FIG. 1, a display device 100 according
to an exemplary embodiment of the present invention
includes a multiple signal applying unit 110, a shift register
120, and a liquid crystal display (“LCD”) panel 130.

[0050] The multiple signal applying unit 110 includes a
starting part 111 and an ending part 112. The starting part 111
and the ending part 112 each include a plurality of stages. The
multiple signal applying unit 110 is electrically connected to
the shift register 120.

[0051] The shift register 120 includes, for example, 769
stages STAGEL, STAGE?2, .. ., STAGE769 electrically con-
nected in series, such as cascade-connected. The starting part
111 of the multiple signal applying unit 110 includes, for
example, two stages STAGE-1 and STAGEQ electrically con-
nected in series. The last stage STAGED of the starting part
111 is electrically connected to the first stage STAGE1 of the
shift register 120. The ending part 112 includes, for example,
two stages STAGE770 and STAGE771 electrically connected
in series. The first stage STAGE770 of the ending part 112 is
electrically connected to the last stage STAGE769 of the shift
register 120.
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[0052] A number of the stages in the starting part 111 and
the ending part 112 has a relationship with a driving method
such as a dot inversion, a column inversion, 2x1 inversion,
etc., and a clock number for driving the stages. A number of
the stages included in the starting part 111 and the ending part
112 is equal to a least common multiple of a polarity period of
a data voltage (with respect to a reference voltage) applied to
each of the gate lines G1, G2, . . . Gm along a source line, and
a clock number for driving the shift register 120, as will be
further described below.

[0053] Inthe illustrated embodiment of FIG. 1, the starting
part 111 and the ending part 112 of the multiple signal apply-
ing unit 110 each include two stages, respectively.

[0054] A scan start signal STVP for driving the shift regis-
ter 120 is applied to both of the first stage STAGE1 of the shift
register 120 and the first stage STAGE-1 of the starting part
111 of the multiple signal applying unit 110.

[0055] FIG. 2is a block diagram illustrating an exemplary
starting part of an exemplary multiple signal applying unit of
the exemplary scan driver in FIG. 1.

[0056] Referring to FIGS. 1 and 2, the starting part 111 of
the multiple signal applying unit 110 includes, for example,
two stages, STAGE-1 and STAGE0. An output signal of the
starting part 111 is not applied to the LCD panel 130.
[0057] When the scan start signal STVP is applied to the
first stage STAGE-1 of the starting part 111, the first stage
STAGE-1 of the starting part 111 outputs a carry signal CS.
[0058] The carry signal CS outputted from the first stage
STAGE-1 of the starting part 111 is applied to the second
stage STAGEO of the starting part 111 to drive the second
stage STAGEQ of the starting part 111. Then, the second stage
STAGE0 outputs a carry signal CS. The carry signal CS
outputted from the second stage STAGEO is applied to the
first stage STAGE1 of the shift register 120 to output a main
scan signal. The main scan signal activates the first gate line
G1 ofthe LCD panel 130. The carry signal CS outputted from
the first stage STAGE1 is applied to the second stage STAGE2
of the shift register 120 to output a main scan signal that is
applied to the second gate line G2 of the LCD panel 130.
[0059] The scan start signal STVP applied to the first stage
STAGE-1 of the starting part 111 is also applied to the first
stage STAGE1 of the shift register 120, so that the first stage
STAGE1 of the shift register 120 outputs a sub scan signal.
The scan start signal STVP may be substantially simulta-
neously applied to the first stage STAGE-1 of the starting part
111 and the first stage STAGEL1 of the shift register 120. The
sub scan signal activates the first gate line G1 of the LCD
panel 130.

[0060] The first gate line G1 is firstly activated by the sub
scan signal output from the first stage STAGEL of the shift
register 120 in response to the scan start signal STVP applied
to the first stage STAGE1 of the shift register 120, and then
secondly activated by the main scan signal output from the
first stage STAGE] of the shift register 120 in response to the
carry signal CS outputted from the second stage

[0061] STAGEO and applied to the first stage STAGE]1 of
the shift register 120. Therefore, the time for activating the
gate lines increases, so that the liquid crystal capacitors elec-
trically connected to the gate lines in the LCD panel 130 may
be fully charged.

[0062] The starting part 111 further includes a diode 200.
The diode 200 is formed on a line through which the scan start
signal STVP is applied to the first stage STAGE1 of the shift
register 120 in order to prevent the carry signal CS outputted
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from the second stage STAGEO of the starting part 111 from
being applied to the first stage STAGE-1 of the starting part
111. For example, the diode 200 may be formed through
electrically connecting a gate electrode to a drain electrode of
a thin-film transistor.

[0063] FIG. 3 is a block diagram illustrating an exemplary
LCD panel in FIG. 1.

[0064] Referring to FIG. 3, an LCD panel 130 includes a
plurality of gate lines G1, G2, . . . , Gm, a plurality of source
lines D1, D2, . .., Dn, and a plurality of pixels P arranged in
a matrix, each pixel P formed in a region defined by two
adjacent gate lines and two adjacent source lines.

[0065] Each of the pixels P includes a switching element
TFT such as a thin film transistor, a liquid crystal capacitor
Cle, and a storage capacitor Cst. The switching element TFT
includes a gate electrode G, a source electrode S, and a drain
electrode D. The gate electrode G is electrically connected to
one of the gate lines G1, G2, . . ., Gm. The source electrode
S is electrically connected to one of the source lines D1, D2,
..., Dn. The drain electrode is electrically connected to a
pixel electrode of the liquid crystal capacitor Cle.

[0066] The liquid crystal capacitor Clc includes the pixel
electrode, a common electrode, and a liquid crystal layer
disposed between the pixel electrode and the common elec-
trode. In one exemplary embodiment, the pixel electrode may
be formed on the array substrate with the gate lines and the
source lines, and the common electrode may be formed on an
opposite substrate facing the array substrate, with the liquid
crystal layer disposed between the array substrate and the
opposite substrate. When the scan signal is applied to the gate
lines, the switching elements TFTs electrically connected to
the gate lines are turned on, and a data voltage is applied to the
pixel electrode through the source electrode S and the drain
electrode D of the TFTs that are turned on.

[0067] When the data voltage is applied to the pixel elec-
trode, electric fields are formed between the pixel electrode
and the common electrode. The electric fields rearrange lig-
uid crystal molecules of the liquid crystal layer to change an
optical transmittance. As a result, an image is displayed.
[0068] The storage capacitor Cst is electrically connected
to the liquid crystal capacitor Cle in parallel, so that the
storage capacitor Cst maintains the data voltage applied to the
liquid crystal capacitor Clc during one frame.

[0069] Hereinafter, output signals of the stages will be
explained by time periods.

[0070] FIG. 4 is a timing diagram illustrating input and
output signals of the exemplary scan driver in FIG. 1. Here-
inafter, an operation of the exemplary scan driver will be
described with reference to FIGS. 1, 3 and 4.

[0071] During a 1 H time period, the scan start signal STVP
is simultaneously applied to both the first stage STAGE-1 of
the starting part 111 of the multiple signal applying unit 110
and the first stage STAGFE1 of the shift register 120. The scan
start signal STVP applied to the first stage STAGE-1 of the
starting part 111 of the multiple signal applying unit 110 will
induce a main scan signal MS, and the scan start signal STVP
applied to the first stage STAGE1 of the shift register 120 will
induce a sub scan signal SS.

[0072] 2 H Time Period

[0073] During the 2 H time period, the first stage STAGE-1
of the starting part 111 outputs the main scan signal MS in
response to the scan start signal STVP, and the first stage
STAGE]1 of the shift register 120 outputs the sub scan signal
SS in response to the scan start signal STVP.
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[0074] The main scan signal MS outputted from the first
stage STAGE-1 of the starting part 111 is applied to the
second stage STAGEO of the starting part 111. The sub scan
signal SS outputted from the first stage STAGE1 of the shift
register 120 is applied to both the second stage STAGE2 of the
shift register 120 and the first gate line G1 of the LCD panel
130 to activate the first gate line G1.

[0075] When the first gate line G1 of the LCD panel 130 is
activated, the data signal is applied to the liquid crystal
capacitors Clc through the source lines D1, D2, ..., Dn. The
data signal only pre-charges the liquid crystal capacitors Cle.
In other words, the data signal does not correspond to a real
image.

[0076] Forexample, the data signal has an opposite polarity
to that of a previous frame, with respect to a reference voltage
Veom.

[0077] 3 H Time Period

[0078] During the 3 H time period, the second stage
STAGED0 of the starting part 111 outputs the main scan signal
MS in response to the main scan signal MS outputted from the
first stage STAGE-1 of the starting part 111, and the second
stage STAGE2 of the shift register 120 outputs the sub scan
signal SS in response to the sub scan signal SS outputted from
the first stage STAGE1 of the shift register 120.

[0079] The main scan signal MS outputted from the second
stage STAGEO of the starting part 111 is applied to the first
stage STAGE1 of the shift register 120. The sub scan signal
SS outputted from the second stage STAGE2 of the shift
register 120 is applied to both the third stage STAGE3 of the
shift register 120 and the second gate line G2 of the LCD
panel 130 to activate the second gate line G2.

[0080] When the second gate line G2 of the LCD panel 130
is activated, the data signal is applied to the liquid crystal
capacitors Clc through the source lines D1, D2, . .., Dn. The
data signal only pre-charges the liquid crystal capacitors Cle.
In other words, the data signal does not correspond to a real
image.

[0081] Forexample, the datasignal has an opposite polarity
to that of a previous frame, with respect to a reference voltage
Veom.

[0082] 4 H Time Period

[0083] During the 4 H time period, the first stage STAGE1
of the shift register 120 outputs the main scan signal MS in
response to the main scan signal MS outputted from the
second stage STAGEQ of the starting part 111, and the third
stage STAGE3 of the shift register 120 outputs the sub scan
signal SS in response to the sub scan signal SS outputted from
the second stage STAGE2 of the shift register 120.

[0084] The main scan signal MS outputted from the first
stage STAGE1 of'the shift register 120 is applied to the second
stage STAGE2 of the shift register 120, and activates the first
gate line G1 of the LCD panel 130. The sub scan signal SS
outputted from the third stage STAGE3 of the shift register
120 is applied to both the fourth stage STAGE4 of the shift
register 120 and the third gate line G3 of the LCD panel 130
to activate the third gate line G3.

[0085] When the first gate line G1 is activated, the data
signal is applied to the liquid crystal capacitor Clc electrically
connected to the first gate line G1 through the source lines D1,
D2, ..., Dn. The data signal electrically charges the liquid
crystal capacitors Clc, so that the data signal corresponding to
a first line of an image pixel is applied to the liquid crystal
capacitors Clc that are electrically connected to the first gate
line G1. The liquid crystal capacitors Clc that are electrically
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connected to the first gate line G1 were pre-charged during
the 2 H time period, so that the liquid crystal capacitors Clc
that are electrically connected to the first gate line G1 may be
fully charged during the 4 H time period.

[0086] When the third gate line G3 of the LCD panel 130 is
activated, the data signal corresponding to a first line of an
image pixel is applied to the liquid crystal capacitors Clc
through the source lines D1, D2, .. ., Dn. As this time period,
the data signal only pre-charges the liquid crystal capacitors
Cle. In other words, the data signal does not correspond to a
real image corresponding to the third gate lines G3.

[0087] Forexample, the data signal has an opposite polarity
to that of a previous frame, with respect to a reference voltage
Veom.

[0088] The liquid crystal capacitors Cle electrically con-
nected to the third gate line G3 are pre-charged through the
data voltage corresponding to the first gate line G1, and fully
charged through the data voltage corresponding to the third
gate line G3 during the 6 H time period.

[0089] Even though the liquid crystal capacitors Clc elec-
trically connected to the third gate line G3 are pre-charged
through the data voltage corresponding to the first gate line
G1, the data voltage corresponding to the first gate line G1 is
not perceived by a user, because the 1 H time period is too
short. In particular, the 1 H time period may be about 13.3 ys.
[0090] However, the liquid crystal capacitors Clc corre-
sponding to the first gate line G1, which are fully charged by
the data voltage corresponding to the first line of image,
maintain the data voltage during one frame, so that an image
displayed on the display device 100 is not distorted.

[0091] Operations after the 4 H time period are repeated.
Therefore, any further explanation will be omitted.

[0092] As described above, the data voltage for pre-charg-
ing and the data voltage for charging are applied to liquid
crystal capacitors Clc, so that the liquid crystal capacitors Clc
are fully charged even when the 1 H time period is reduced.
[0093] Recently, an LCD device employs a dot inversion
method, a column inversion method, a 2x1 inversion method,
etc. as a driving method thereof in order to reduce a gradual
failure of the liquid crystal. According to the dot inversion
method, the column inversion method, the 2x1 inversion
method, etc., a data voltage having an opposite polarity with
respect to a reference voltage is applied to the liquid crystal
capacitors Clc. Therefore, when the liquid crystal capacitors
Clc are pre-charged, and then mainly charged, the liquid
crystal capacitors Clc are ready for inversion during being
pre-charged. Therefore, according to the LCD device
employing the dot inversion method, the column inversion
method, the 2x1 inversion method, etc., the effectiveness of
the present invention may be more enhanced.

[0094] FIG. 51is a block diagram illustrating an exemplary
ending part of an exemplary multiple signal applying unit of
the exemplary scan driver in FIG. 1.

[0095] Referring to FIGS. 1 and 5, the ending part 112 of
the multiple signal applying unit 110 includes, for example,
two stages STAGE770 and STAGE771. The ending part 112
includes the same number of stages as the starting part 111.
The number of stages in the starting part 111 and the ending
part 112 relates to a driving method such as a dot inversion, a
column inversion, 2x1 inversion, etc., and a clock number for
driving the stages, as will be further described below.

[0096] When the sub scan signal SS (or carry signal CS) is
applied to the last stage STAGE769 of the shift register 120,
a frame-reset circuit (not shown) is operated to terminate the

Feb. 7,2013

present frame. Therefore, the main scan signal MS is not
applied to the second to last stage STAGE768 and the last
stage STAGE769. In order to solve the above-mentioned
problem, the ending part 112 including two stages
STAGE770 and STAGE771 is formed, and the frame-reset
circuit (not shown) is connected to the last STAGE771 of the
ending part 112.

[0097] FIG. 61s a block diagram illustrating an exemplary
display device having an exemplary scan driver according to
another exemplary embodiment of the present invention. The
display device of the exemplary embodiment of FIG. 6 is
substantially the same as that in FIG. 1 except for a multiple
signal applying unit. Thus, the same reference numerals will
be used to refer to the same or like parts as those described in
FIG. 1 and any further explanation concerning the above
elements will be omitted.

[0098] Referring to FIG. 6, a display device 700 according
to another exemplary embodiment of the present invention
includes a multiple signal applying unit 710, a shift register
120, and an LCD panel 130.

[0099] The multiple signal applying unit 710 includes a
plurality of stages electrically connected in series. In particu-
lar, the stages are cascade-connected. The multiple signal
applying unit 710 is electrically connected to the shift register
120.

[0100] In particular, the shift register 120 includes, for
example, 769 stages STAGE1, STAGE2, . . ., STAGE769
cascade-connected. The multiple signal applying unit 710
includes two stages STAGE770 and STAGE771. The first
stage STAGE770 of the multiple signal applying unit 710 is
electrically connected to the last stage STAGE769 of the shift
register 120.

[0101] A number of the stages in the multiple signal apply-
ing unit 710 is related to a driving method such as dot inver-
sion, column inversion, 2x1 inversion, etc., and a clock num-
ber for driving the stages.

[0102] The scan start signal STVP for driving the shift
register 120 includes a sub scan signal SSS and a main scan
signal MSS. The sub scan signal SSS is firstly applied to the
first stage STAGE1 of the shift register 120, and the main scan
signal MSS is applied to the first stage STAGE1 of the shift
register 120 after a specific time has passed. When a pulse
width of the sub scan signal SSS and the main scan signal
MSS is ‘H’, a time period between a rising edge of the sub
scan signal SSS and a rising edge ofthe main scan signal MSS
is expressed as ‘IxH’, wherein ‘T’ is a least common multiple
of a polarity period of a data voltage (with respect to a refer-
ence voltage) applied to each of the gate lines G1, G2, . . . Gm
along a source line, and a clock number for driving the shift
register 120, as will be further described below.

[0103] According to the present embodiment, a number of
stagesisreduced in comparison with the scandriver in FIG. 1,
because the starting part 111 is not included in this embodi-
ment, so that a size of the scan driver is reduced. Additionally,
a possibility of error, which may occur to the stages, is
reduced to enhance productivity.

[0104] FIG. 7 is a timing diagram illustrating input and
output signals of the exemplary scan driver in FIG. 6 accord-
ing to a column inversion driving method. The method of
driving the exemplary display device in FIG. 6, which is
described in FIG. 7, may also be employed by the exemplary
display device in FIG. 1.

[0105] According to the column inversion method, data
voltages having the same polarity with respect to a reference
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voltage are applied to the liquid crystal capacitors Clc elec-
trically connected to the same source lines, and data voltages
having an opposite polarity with respect to the reference
voltage are applied to liquid crystal capacitors electrically
connected to adjacent source lines. In particular, data voltages
having a positive polarity with respect to a reference voltage
are applied to liquid crystal capacitors Clc that are electrically
connected to, for example, odd-numbered source lines D1,
D3, ..., and data voltages having a negative polarity with
respect to a reference voltage are applied to liquid crystal
capacitors Clc that are electrically connected to, for example,
even-numbered source lines D2, D4, . . ., or vice versa.
Additionally, a polarity of the data voltage applied to each
liquid crystal capacitor Cle in an n-th frame is opposite to a
polarity of the data voltage applied to each liquid crystal
capacitor Cle in an (n-1)-th frame.

[0106] According to the column inversion method, a polar-
ity period of the data voltageis 1 H, because the polarity of the
data voltage corresponding to each of the gate lines G1, G2, .
.., Gm is the same, and a clock signal for driving the shift
register 120 is two (CK1 and CK2 in FIG. 2). Therefore, a
least common multiple is 2.

[0107] According to the column inversion, the scan driver
in FIGS. 1 to 5 includes the starting part 111 having two
stages STAGE-1 and STAGEQ, and the ending part 112 hav-
ing two stages STAGE770 and STAGE771. The scan driver in
FIG. 6 includes two stages STAGE770 and STAGE771. As a
result, a time period between the rising edge of the sub scan
signal SSS and the rising edge of the main scan signal MSS is
2H.

[0108] According to the present embodiment, the sub scan
signal SSS and the main scan signal MSS of the scan start
signal STVP sequentially activate gate lines instead of the
starting part 111 in FIGS. 1 and 2. In other words, an opera-
tion of the stages in the shift register 120 is substantially the
same as that in FIGS. 1 to 6. Therefore, a detailed explanation
of 1 H to 4 H time period will be omitted.

[0109] FIG. 8 is a timing diagram illustrating input and
output signals of the exemplary scan driver in FIG. 6 accord-
ing to a dot inversion driving method. The exemplary method
of driving the exemplary display device in FIG. 6, which is
described in FIG. 8, may also be employed by the exemplary
display device in FIG. 1.

[0110] According to the dot inversion method, data volt-
ages having an opposite polarity with respect to a reference
voltage are applied to the liquid crystal capacitors Clc adja-
cent to each other. In particular, the liquid crystal capacitors
Cle electrically connected to one of the source lines D1, D2,
..., Dn alternately receive an opposite data voltage polarity,
and the liquid crystal capacitors Clc electrically connected to
one of the gate lines G1, G2, . . . , Gm alternately receive an
opposite data voltage polarity. Additionally, a polarity of the
data voltage applied to each liquid crystal capacitor Clc in an
n-th frame is opposite to a polarity of the data voltage applied
to each liquid crystal capacitor Clc in an (n-1)-th frame.
[0111] According to the dot inversion method, a polarity
period of the data voltage is 2 H, because the polarity of the
data voltage corresponding to each of the gate lines G1, G2, .
.., Gm is alternated, and a clock signal for driving the shift
register 120 is two (CK1 and CK2 in FIG. 2). Therefore, a
least common multiple is 2. Therefore, a time period between
the rising edge of the sub scan signal SSS and the rising edge
of the main scan signal MSS is 2 H, and the scan driver in FIG.
6 includes two stages STAGE770 and STAGE771.
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[0112] Additionally, in the embodiment of FIG. 1 accord-
ing to the dot inversion method, both of the starting part 111
and the ending part 112 of the multiple signal applying unit
110 includes two stages. According to the present embodi-
ment, the sub scan signal SSS and the main scan signal MSS
of the scan start signal STVP sequentially activate gate lines
instead of the starting part 111 in FIGS. 1 and 2. In other
words, an operation of the stages in the shift register 120 is
substantially the same as that in FIGS. 1 to 6. Therefore, a
detailed explanation of 1 H to 4 H time period will be omitted.

[0113] FIG. 9 is a timing diagram illustrating input and
output signals of the exemplary scan driver in FIG. 6 accord-
ing to a 2x1 inversion driving method. The exemplary method
of driving the exemplary display device in FI1G. 6, which is
described in FIG. 9, may also be employed by the exemplary
display device in FIG. 1.

[0114] According to the 2x1 inversion method, data volt-
ages having positive, positive, negative, and negative polari-
ties with respect to a reference voltage are repeatedly applied
to the liquid crystal capacitors Cle electrically connected to
an i-th source line Si, and data voltages having negative,
negative, positive, and positive polarities with respect to the
reference voltage are repeatedly applied to liquid crystal
capacitors Cle electrically connected to (i+1)-th source line
Si+1. Additionally, a polarity of the data voltage applied to
each liquid crystal capacitor Clc in an n-th frame is opposite
to a polarity of the data voltage applied to each liquid crystal
capacitor Clc in an (n-1)-th frame.

[0115] According to the 2x1 inversion method, a polarity
period of the data voltage is 4 H, and a clock signal for driving
the shift register is two (CK1 and CK2 in FIG. 2). Therefore,
a least common multiple is 4. Thus, according to the 2x1
inversion, a time period between the rising edge of the sub
scan signal SSS and the rising edge of the main scan signal
MSS is 4 H, and the scan driver in FIG. 6 includes four stages
STAGET70, STAGE771, STAGE772, and STAGE773.

[0116] Additionally, in the embodiment of FIG. 1 accord-
ing to the 2x1 inversion driving method, both of the starting
part 111 and the ending part 112 of the multiple signal apply-
ing unit 110 includes four stages.

[0117] According to the present embodiment employing
the scan driver of FIG. 6, the sub scan signal SSS and the main
scan signal MSS of the scan start signal STVP sequentially
activate gate lines instead of the starting part 111 in FIGS. 1
and 2, and data voltages having positive, positive, negative,
and negative polarities are repeatedly applied to liquid crystal
capacitors Cle electrically connected to one of the source
lines D1, D2, . . ., Dn. In other words, an operation of the
stages in the shift register 120 is substantially the same as that
in FIGS. 1 to 6. Therefore, a detailed explanation of 1 H to 4
H time period will be omitted.

[0118] FIG. 10 is an equivalent circuit diagram illustrating
an exemplary stage of an exemplary multiple signal applying
unit and an exemplary shift register of the exemplary scan
driver in FIGS. 1 and 6.

[0119] Referring to FIG. 10, a unit pixel P includes a
switching element TFT such as a thin film transistor, a liquid
crystal capacitor Clc, and a storage capacitor Cst. The switch-
ing element TFT includes a gate electrode that is electrically
connected to a gate line GL, a source electrode that is elec-
trically connected to a source line DL, and a drain electrode
that is electrically connected to the liquid crystal capacitor
Clc and the storage capacitor Cst.
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[0120] Each stage 330 includes a buffering unit 331, a
charging unit 332, a driving unit 333, a discharging unit 334,
a first holding unit 335, a second holding unit 336, and a carry
unit 337. Each stage 330 outputs a scan signal to output
terminal OUT and to the switching element TFT of the pixel
Pbased on the scan start signal STVP or a carry signal (CS) of
a previous stage.

[0121] The buffering unit 331 includes a first switching
element Q1. The first switching element Q1 includes a gate
electrode and a drain electrode electrically connected to each
other. The first switching element Q1 further includes a
source electrode that is electrically connected to the charging
unit 332. A first input signal IN1 is applied to the gate and
drain electrodes of the first switching element Q1 of the
buffering unit 331, and outputs a gate on signal Von to the
charging unit 332, the driving unit 333, the discharging unit
334, the first holding unit 335, and the second holding umt
336. When the stage 330 is a first stage, the first input signal
IN1 corresponds to the scan start signal STVP.

[0122] The charging unit 332 includes a capacitor C1 hav-
ing a first terminal that is electrically connected to the first
switching element Q1 of the buffering unit 331, and a second
terminal that is electrically connected to an output terminal of
the driving unit 333.

[0123] The driving unit 333 includes a second switching
element Q2 and a third switching element Q3. The second
switching element Q2 includes a drain electrode that is elec-
trically connected to a clock terminal CK, a gate electrode
thatis electrically connected to the first terminal of the capaci-
tor C1 of the charging unit 332 through the Q-node NQ, and
asource electrode that is electrically connected to the second
terminal of the capacitor C1 and the output terminal OUT.
The third switching element Q3 includes a drain electrode
that is electrically connected to the source electrode of the
second switching element Q2 and the second terminal of the
capacitor C1, and a source electrode that is electrically con-
nected to the first source voltage VOFF. When the stage 330 is
one of the odd-numbered stages STAGE1, STAGE3, .. ., a
first clock signal CK1 is applied to the drain electrode of the
second switching element Q2. On the contrary, when the
stage 330 is one of the even-numbered stages STAGE2,
STAGEA, . . ., a second clock signal CK2 having a phase,
which is opposite to a phase of the first clock signal CK1, is
applied to the drain electrode of the second switching element
Q2. The second switching element Q2 pulls up a state of the
output terminal OUT, and the third switching element Q3
pulls down the state of the output terminal OUT.

[0124] The discharging unit 334 includes a fourth switch-
ing element Q4 and a fifth switching element Q5. The dis-
charging unit 334 removes electric charges of the first capaci-
tor C1inthe charging unit 332 through the first source voltage
VOFF in response to a second input signal IN2 and the frame
reset signal FRAME RESET.

[0125] In particular, the fifth switching element QS5
includes a drain electrode that is electrically connected to the
first terminal of the first capacitor C1, a gate electrode that
receives the second input signal IN2, and a source electrode
that is electrically connected to the first source voltage VOFF.
The fourth switching element Q4 includes a drain electrode
that is electrically connected to the first terminal of the first
capacitor C1, a gate electrode that receives the frame reset
signal FRAME RESET, and a source electrode that receives
the first source voltage VOFF. The second input signal IN2
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resets the stage 330. An output signal of a next stage is
employed as the second input signal IN2.

[0126] The first holding unit 335 includes a sixth switching
element Q6, a seventh switching element Q7, an eighth
switching element Q8, a ninth switching element Q9, a sec-
ond capacitor C2, and a third capacitor C3. The first holding
unit 335 controls the second holding unit 336 to be turned on
and off.

[0127] In particular, the sixth switching element Q6
includes a drain electrode and a gate electrode electrically
connected to each other. The drain and gate electrodes of the
sixth switching element Q6 receive the first clock signal CK1.
The seventh switching element Q7 includes a drain electrode
that receives the first clock signal CK1, a gate electrode that is
electrically connected to the source electrode of the sixth
switching element Q6, and a source electrode that is electri-
cally connected to the second holding unit 336.

[0128] The second capacitor C2 includes a first terminal
that is electrically connected to a drain electrode of the sev-
enth switching element Q7, and a second terminal that is
electrically connected to a gate electrode of the seventh
switching element Q7. The third capacitor C3 includes a first
terminal that is electrically connected to the gate electrode of
the seventh switching element Q7, and a second terminal that
1s electrically connected to the source electrode ofthe seventh
switching element Q7. The eighth switching element Q8
includes a drain electrode that is electrically connected to the
source electrode of the sixth switching element Q6 and the
gate electrode of the seventh switching element 7, a gate
electrode that is electrically connected to the output terminal
OUT, and a source electrode that receives the first source
voltage VOFF. The ninth switching element Q9 includes a
drain electrode that is electrically connected to the source
electrode of the seventh switching element Q7 and the second
holding unit 336, a gate electrode that is electrically con-
nected to the output terminal OUT, and asource electrode that
1s electrically connected to the first source voltage VOFE.
[0129] The second holding unit 336 includes a tenth
switching element Q10, an eleventh switching element Q11,
a twelfth switching element Q12, and a thirteenth switching
element Q13. The second holding unit 336 prevents an output
node NO from floating. In other words, the second holding
unit 336 maintains an off-state to hold the output node NO
when the output terminal OUT is in a high level.

[0130] In particular, the thirteenth switching element Q13
includes a drain electrode that is electrically connected to the
output terminal OUT, a gate electrode that is electrically
connected to the first holding unit 335, and a source electrode
that receives the first source voltage VOFF. The tenth switch-
ing element Q10 includes a drain electrode that receives the
first input signal IN1, a gate electrode that receives the second
clock signal CK2, and a source electrode that 1s electrically
connected to the first terminal of the first capacitor C1 of the
charging unit 332. The eleventh switching element Q11
includes a drain electrode that is electrically connected to the
source electrode of the tenth switching element Q10 and the
first terminal of the first capacitor C1, a gate electrode that
receives the first clock signal CK1, and a source electrode that
is electrically connected to the output terminal OUT. The
twelfth switching element Q12 includes a drain electrode that
is electrically connected to the output terminal OUT, a gate
electrode that is electrically connected to the gate electrode of
the tenth switching element Q10 to receive the second clock
signal CK2, and a source electrode that is electrically con-
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nected to the first source voltage VOFF. The first clock signal
CK1 has an opposite phase to that of the second clock signal
CK2.

[0131] The seventh switching element Q7 and the ninth
switching element Q9 of the first holding unit 335 pull down
the gate electrode of the thirteenth switching element Q13 of
the second holding unit 336, only when the output terminal
OUT is in a high level.

[0132] When output signal of the stage 330 1s low, a control
signal that is synchronized with the first clock signal CK1 is
applied to the gate electrode of the thirteenth switching ele-
ment Q13 through the seventh switching element Q7. A gate
voltage of the seventh switching element Q7 is lower than a
high level of the first clock signal CK1 by a threshold voltage
except when the output terminal OUT is in a high level.
Therefore, the control signal synchronized with the first clock
signal CK1 is applied to the gate electrode of the thirteenth
switching element Q13 except when the output terminal OUT
1s in a high level.

[0133] When the second clock signal CK2 is in a high level,
the output terminal OUT of the shift register 120 is in a low
level, so that the twelfth switching element Q12 holds the
output terminal OUT to be the first source voltage VOFF
through the second clock signal CK2.

[0134] The carry unit 337 includes a fourteenth switching
element Q14. The carry unit 337 receives the first clock signal
CK1, and the fourteenth switching element Q14 of the carry
unit 337 is turned on to apply the first clock signal CK1 to a
carry node NC of a next stage when the Q-node NQ is acti-
vated. As a result, even when the voltage level of the output
terminal OUT is changed, the carry unit 337 outputs the first
clock signal CK1 as a carry signal.

[0135] The stage 330 of the shift register 120 shown in FIG.
10 is only an example. It would be within the scope of these
embodiments to employ various stages of a shift register as
the stages of the present invention.

[0136] FIG. 11 is a timing diagram illustrating input and
output signals of the exemplary scan driver in an exemplary
display device employing the exemplary stage in FIG. 10.
[0137] When the display device 100 in FIG. 1 employs the
stage in FIG. 10, each of the starting part 111 and the ending
part 112 of the multiple signal applying unit 110 includes
three stages. When the display device 700 in FIG. 6 employs
the stage in FIG. 10, the multiple signal applying unit 710
includes three stages, and a time interval between a rising
edge of the sub scan signal SSS and a rising edge of the main
scan signal MSS is 3 H.

[0138] Within the stage in FIG. 10, the first source voltage
VOFF and the scan start signal STVP, or the first source
voltage VOFF and the carry signal CS may collapse. There-
fore, preferably, the time period between the rising edge of the
sub scan signal SSS and the rising edge of the main scan
signal MSS is more spaced apart from each other by 1 H than
that in FIG. 4.

[0139] In the above-described embodiments, the term
“least common multiple” may be replaced by “common mul-
tiple”” However, when a time interval between the rising edge
ofthe sub scan signal SSS and the rising edge of the main scan
signal MSS increases, a number of activated gate lines unde-
sirably increases.

[0140] FIGS.12A and 12B are layouts illustrating an exem-
plary multiple signal applying unit and the exemplary shift
register in FIG. 10.
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[0141] Referring to FIGS. 1, 3, 12A, and 12B, the shift
register 120 may be integrally formed with the LCD panel
130. In particular, the shift register 120 may be formed on the
LCD panel 130.

[0142] When the shift register 120 is formed on the LCD
panel 130, the multiple signal applying unit 110 is also
formed on the LCD panel 130.

[0143] Theplurality of gate lines G1,G2, . .., Gm extended
along a first direction, the plurality of source lines D1, D2, . .
., Dn extended along a second direction that is substantially
perpendicular to the first direction, the switching element
TFT, the liquid crystal capacitor Clc and the storage capacitor
are formed on a display region DR of the LCD panel 130. The
shift register 120 and the multiple signal applying unit 110 are
formed in a peripheral region PR of the LCD panel 130 that is
adjacent to the display region DR. As shown in FIG. 12A, the
starting part 111 of the multiple signal applying unit 110 is
adjacent to the first stage STAGE1 of the shift register 120. As
shown in FIG. 12B, the ending part 112 of the multiple signal
applying unit 110 is adjacent to the last stage STAGE768 of
the shift register 120. Both the starting part 111 and the ending
part 112 in FIGS. 12A and 12B include, for example, three
stages in order to separate the rising edge of the main scan
signal MS from the rising edge of the sub scan signal SS by 3
H time period. Additionally, the diode 200 may be formed
through an amorphous silicon (“a-S1”) transistor having the
gate and drain electrodes electrically connected to each other.

[0144] FIG. 13 is a flow chart illustrating an exemplary
method of driving an exemplary display device according to
an exemplary embodiment of the present invention.

[0145] According to a method of driving a display device,
the method begins with N=1. Then, an N-th gate line and an
(N+I)-th gate line are simultaneously activated as shown by
S100, and data voltages are applied to liquid crystal capaci-
tors Clc that are electrically connected to the N-th gate line
and the (N+I)-th gate line as shown by S200, wherein ‘T’
represents a least common multiple of a polarity period of a
data voltage (with respect to a reference voltage) applied to
each of the gate lines G1, G2, . . . Gm along a source line, and
a clock number for driving the shift register.

[0146] The above portions of the method shown by S100
and S200 are repeated, while increasing N by one as shown by
S300, until N reaches the last gate line. When N+ is over the
last gate line, no gate line corresponds to the N+1I, so that
(N+I)-th gate line is not activated.

[0147] The data voltage corresponds to the liquid crystal
capacitor Clc electrically connected to the N-th gate line.
Therefore, the data voltage corresponding to the N-th gate
line is also applied to the liquid crystal capacitors Clc elec-
trically connected to the (N+I)-th gate line, in order to pre-
charge the liquid crystal capacitors Clc electrically connected
to the (N+I)-th gate line. Therefore, the liquid crystal capaci-
tors Clc may be fully charged. Furthermore, even though the
liquid crystal capacitors Cle electrically connected to the
(N+I)-th gate line receive the data voltage corresponding to
the liquid crystal capacitor Clc electrically connected to the
N-th gate line, the time period is too short for a user to
perceive an image.

[0148] As described above, according to the present inven-
tion, the scan lines (the gate lines) receive the scan signal
twice, so that the liquid crystal capacitors Clc electrically
connected to the gate lines receive the data voltage twice.
Therefore, even though the time for charging the liquid crys-
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tal capacitors Clc may be reduced, the liquid crystal capaci-
tors Clc may be fully charged to enhance display quality.
[0149] Furthermore, the LCD device may employ a dot
inversion method, a column inversion method, a 2x1 invet-
sion method, etc. as a driving method thereof in order to
reduce a gradual failure of the liquid crystal. According to the
dot inversion method, the column inversion method, the 2x1
inversion method. etc., a data voltage having an opposite
polarity with respect to a reference voltage is applied to the
liquid crystal capacitors Clc. Therefore, when the liquid crys-
tal capacitors Clc are pre-charged, and then mainly charged,
the liquid crystal capacitors Clc are ready for an inversion
during being pre-charged. Therefore, according to the LCD
device employing the dot inversion method, the column invet-
sion method, the 2x1 inversion method, etc., the effectiveness
of the present invention may be more enhanced.

[0150] Having described the exemplary embodiments of
the present invention and its advantages, it is noted that vari-
ous changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the invention as
defined by appended claims.

What is claimed is:

1. A scan driver driving a display device having a plurality
of gate lines transferring scan signals, and a plurality of
source lines transferring data signals, the scan driver com-
prising:

a shift register including a plurality of cascade-connected
stages, each stage having an output terminal electrically
connected to a respective one of the plurality of gate
lines; and

a multiple signal applying unit applying a sub scan signal
and a main scan signal, the sub scan signal and the main
scan signal sequentially activating each of the plurality
of gate lines,

wherein the multiple signal applying unit comprises a start-
ing part and an ending part, each of the starting part and
the ending part includes ‘I’ number of stages, a last stage
of the starting part is cascade-connected to a first stage of
the shift register, and a last stage of the shift register is
cascade-connected to a first stage of the ending part.

2. The scan driver of claim 1, wherein a scan start signal for
driving the shift register is simultaneously applied to both of
a first stage of the starting part and the first stage of the shift
register.

3. The scan driver of claim 2, further comprising a diode
formed on a line through which the scan start signal is applied
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to the first stage of the shift register, the diode preventing a
carry signal outputted from the last stage of the starting part
from being applied to the first stage of the starting part.

4. The scan driver of claim 3, wherein the diode is an
amorphous silicon thin-film transistor having a gate electrode
and a drain electrode electrically connected to each other.

5. The scan driver of claim 1, wherein a starting part of the
multiple signal applying unit is adjacent to a first stage of the
shift register, and an ending part of the multiple signal apply-
ing unit is adjacent to a last stage of the shift register.

6. A display device comprising:

a liquid crystal display panel including a plurality of gate
lines transferring scan signals, and a plurality of source
lines transferring data signals; and

a scan driver driving the liquid crystal display panel, the
scan driver including:

a shift register including a plurality of cascade-con-
nected stages, each stage having an output terminal
electrically connected to a respective of the plurality
of gate lines; and

a multiple signal applying unit applying a sub scan sig-
nal and a main scan signal, the sub scan signal and the
main scan signal sequentially activating each of the
plurality of gate lines,

wherein the multiple signal applying unit comprises a
starting part and an ending part, each of the starting
part and the ending part includes ‘I’ number of stages,
alast stage of the starting part is cascade-connected to
a first stage of the shift register, and a last stage of the
shift register is cascade-connected to a first stage of
the ending part.

7. The display device of claim 6, wherein a scan start signal
for driving the shift register is simultaneously applied to both
of a first stage of the starting part and the first stage of the shift
register.

8. The display device of claim 7, further comprising adiode
formed on a line through which the scan start signal is applied
to the first stage of the shift register, the diode preventing a
carry signal outputted from the last stage of the starting part
from being applied to the first stage of the starting part.

9. The display device of claim 6, wherein a starting part of
the multiple signal applying unit is adjacent to a first stage of
the shift register, and an ending part of the multiple signal
applying unit is adjacent to a last stage of the shift register.

I S T
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