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(57) ABSTRACT

A method of driving a display device includes a preliminary
frame charging step and a main frame charging step. The
method comprises a preliminary frame charging step of
simultaneously charging liquid crystal cells in a pixel line
group having a selected pixel row and a unselected pixel row
with pixel data of the selected pixel row of the pixel line group
and a main frame charging step of charging liquid crystal cells
in the unselected pixel line group with pixel data of the
unselected pixel line group.
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METHOD OF DRIVING A DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority under 35 U.S.C.
§119 to Korean Patent Application No. 10-2012-0039317,
filed on Apr. 16, 2012 in the Korean Intellectual Property
Office (KIPO), the contents of which are herein incorporated
by reference in their entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Technical Field

[0003] Exemplary embodiments of the present invention
relate to a method of driving a display device. More particu-
larly, exemplary embodiments of the present invention relate
to a method of driving a display device for reducing a frame
scanning delay.

[0004] 2. Discussion of the Related Art

[0005] A liquid crystal display device displays images by
controlling a light transmittance using liquid crystals which
change transmittance of light according to a voltage applied
to the liquid crystal. A liquid crystal display device includes a
liquid crystal display panel displaying images and a backlight
unit providing light to the liquid crystal display panel. The
liquid crystal display panel includes liquid crystal cells cor-
responding to each pixel. Each of the liquid crystal cells alters
light transmittance in accordance with an electric field
applied to the liquid crystal cells, and transmits light provided
from the backlight unit to display an image.

[0006] Each of the liquid crystal cells is applied a predeter-
mined voltage in order to alter light transmittance corre-
sponding to an image to be displayed. A predetermined time
is required for rearrangement of liquid crystals in order to
have a desired transmittance by applying a voltage to each
liquid crystal cells. The time required to rearrange the liquid
crystal is referred as to a charging time. A backlight unit
provides light to liquid crystal cells after the charging time of
the liquid crystal cells is elapsed.

[0007] A time between a charging start time of the first
pixel row and a charging start time of the last pixel row when
pixel rows are scanned sequentially is a standard charging
time of liquid crystal panel. Thus, a time required to prepare
for displaying an image is same to a standard charging time of
the liquid crystals. In a conventional liquid display device, the
standard charging time of liquid crystal is long and the back-
light unit can only provide light during a limited time, so that
a brightness of a display is reduced.

[0008] When displaying a3D image, a left-eye image and a
right-eye image are alternatingly displayed on a display
device. As aresult, it is impossible to gurantee enough time to
charge the liquid crystal when the standard charging time is
too long. Thus, it is inevitable to reduce a vertical resolution
of a display by half to secure a charging time of the liquid
crystal cells.

SUMMARY

[0009] Exemplary embodiments of the present invention
provide a method of driving a display device capable of
reducing a frame scanning delay time within a limited
response time.

[0010] According to one aspect of the present invention, a
method of driving a display device may include a preliminary
frame charging step of simultaneously charging liquid crystal
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cells in a pixel line group having a selected pixel row and a
unselected pixel row with pixel data of the selected pixel row
of the pixel line group; and a main frame charging step of
charging liquid crystal cells in the unselected pixel line group
with pixel data of the unselected pixel line group.

[0011] In an exemplary embodiment, the pixel line group
may have n pixel lines and the main frame charging step is
repeated (n-1) times during one frame, wherein n is natural
numbers greater than 2.

[0012] Inanexemplary embodiment, the preliminary frame
charging step and the main frame charging step may be per-
formed during a time shorter than 1/n of a standard charging
time of the liquid crystal cells.

[0013] In an exemplary embodiment, in the preliminary
frame charging step and the main frame charging step,
wherein a difference between a charging start time of the first
pixel line and a charging start time of the last pixel line is a
half of a standard charging time of the liquid crystal cells.

[0014] In an exemplary embodiment, a backlight may be
turned on during the main frame charging step.

[0015] Inanexemplary embodiment, the preliminary frame
charging step and the main frame charging step may be pet-
formed for a standard charging time of the liquid crystal cells.

[0016] Inanexemplary embodiment, when a backlight unit
is sequentially driven corresponding to rows of pixels, the
backlight unit may be turned on after a half of a standard
charging time of the liquid crystal cell is elapsed from a
beginning of the preliminary frame charging step and is
turned off before an ending of the main frame charging step.
[0017] In an exemplary embodiment, when the backlight
unit is simultaneously turned on, the backlight unit may be
turned on after beginning of a preliminary frame charging
step of the first pixel line and before ending of a main frame
maintaining step of the first pixel line.

[0018] Inanexemplary embodiment, the preliminary frame
charging step and the main frame charging step may be per-
formed for a half of a standard charging time of the liquid
crystal cells.

[0019] Inanexemplary embodiment, when a backlight unit
is sequentially driven corresponding to rows of pixels, the
backlight unit may be turned on after a beginning of the main
charging step and is turned off before an ending of the main
frame charging step.

[0020] In an exemplary embodiment, the method may fur-
ther include a frame maintaining step of maintaining a voltage
of liquid crystal cells of all pixel rows.

[0021] In an exemplary embodiment, the frame maintain-
ing step may be performed for a standard charging time of the
liquid crystal cells.

[0022] In an exemplary embodiment, when the backlight
unit is turned on simultaneously, the backlight unit may be
turned on after an ending a main frame charging step of the
last pixel line and before an ending of a frame maintaining
step of the first pixel line.

[0023] In an exemplary embodiment, the method may fur-
ther include a black image step of charging a voltage corre-
sponding to a black image into liquid crystal cells of all pixel
rows.

[0024] In an exemplary embodiment, the frame maintain-
ing step and the black image step may be performed for a half
of the standard charging time of each liquid crystal cells.
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[0025] 1In an exemplary embodiment, the duration of the
black image step may be set to have a maximum duration at
the last pixel line by being gradually increased from the first
pixel row.

[0026] In an exemplary embodiment, the method may fur-
ther include a reversion preliminary frame charging step and
a reversion main frame charging step. The reversion prelimi-
nary frame charging step is to simultaneously charge a pixel
data of the unselected pixel row to the liquid crystal cells of
the selected pixel row and the unselected pixel row in the
preliminary frame charging step, after the preliminary charg-
ing step and the main frame charging step. The reversion main
frame charging step is to maintain a pixel data ofliquid crystal
cells of the unselected pixel row in the previous frame charge
step and simultaneously charging a pixel data of a selected
pixel row in the previous frame charge step with a present
frame pixel data.

[0027] In an exemplary embodiment, images of the pre-
liminary frame charge step, the main frame charge step, the
reversion preliminary frame charge step and the reversion
main frame charge step may be right-eye images. The method
may further includes a preliminary frame charging step of
simultaneously charging the liquid crystal cells in the pixel
line group having the selected pixel row and the unselected
pixel row with left-eye pixel data of the selected pixel row of
the pixel line group and a main frame charging step of charg-
ing the liquid crystal cells in the unselected pixel line group
with left-eye pixel data of the unselected pixel line group.
[0028] Inanexemplary embodiment, aleft-eye image anda
right-eye image may be alternatingly displayed on a display
device.

[0029] In an exemplary embodiment, the method may fur-
ther include a frame maintaining step of maintaining a voltage
of liquid crystal cells of all pixel rows.

[0030] In an exemplary embodiment, the total time of the
preliminary frame charging step, the main frame charging
step and the frame maintaining step may be substantially
equal to a standard charging time of the liquid crystal cells.
[0031] Inanexemplary embodiment, the preliminary frame
charging step may include a first preliminary frame charging
step and a second preliminary frame charging step. The first
preliminary frame charging step is to simultaneously charge a
pixel data of a first representative pixel row among a (3N-2)-
th pixel row, a (3N-1)-th pixel row and a 3N-th pixel row into
liquid crystal cells corresponding to the (3N-2)-th pixel row,
the (3N-1)-th pixel row and the 3N-th pixel row, respectively.
The second preliminary frame charging step is to maintain a
voltage of liquid crystal cells corresponding to the first rep-
resentative pixel row, to select a second representative line of
pixel rows except the first representative pixel row from the
(3N-2)-th pixel row, the (3N-1)-th pixel row and the 3N-th
pixel row, and to simultaneously charge a pixel data of the
second representative pixel row into liquid crystal cells cor-
responding to remaining two pixel rows.

[0032] Inanexemplary embodiment, in the first and second
preliminary frame charging steps, the main frame charging
step and the frame maintaining step, the a difference between
a charging start time of the first pixel row and a charging start
time of the last pixel row or a difference between a maintain-
ing start time of the first pixel row and a maintaining start time
of the last pixel row may be a quarter of a standard charging
time of the liquid crystal cells.

[0033] In an exemplary embodiment, the first and the sec-
ond preliminary frame charging steps, the main frame charg-
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ing step and the frame maintaining step may be performed for
aquarter of a standard charging time of the liquid crystal cells.

[0034] In an exemplary embodiment, the first and the sec-
ond preliminary frame charging steps, the main frame charg-
ing step and the frame maintaining step may be performed for
no less than about 5 of a standard charging time of the liquid
crystal cells.

[0035] In an exemplary embodiment, in the preliminary
frame charging step, the main frame charging step and the
frame maintaining step, the a difference between a charging
start time of the first pixel row and a charging start time of the
last pixel row or a difference between a maintaining start time
of the first pixel row and a maintaining start time of the last
pixel row may be a quarter of a standard charging time of the
liquid crystal cells.

[0036] Inanexemplary embodiment, the preliminary frame
charging step and the main frame charging step may be pet-
formed during a quarter of a standard charging time of the
liquid crystal cells, and the frame maintaining step may be
performed during a half of the standard charging time of the
liquid crystal cells.

[0037] According to another aspect of the present inven-
tion, a method of driving a display device may include a
preliminary frame charging step of simultaneously charging
liquid crystal cells in a pixel line group having a selected pixel
row and a unselected pixel row with pixel data of the selected
pixel row of the pixel line group; a main frame charging step
of charging liquid crystal cells in the unselected pixel line
group with pixel data of the unselected pixel line group; a
frame maintaining step of maintaining pixel data of liquid
crystal cells of all pixel rows; and a black image step of
charging a voltage corresponding to a black image into liquid
crystal cells of all pixel rows. In this case, the preliminary
frame charging step and the main frame charging step may be
performed for a half of a standard charging time of the liquid
crystal cells. In the black image step, a duration of the black
image step corresponding to a first pixel line on a display
device may be shorter than that of the black image step
corresponding to the last pixel line on the display device.

[0038] According to another aspect of the present inven-
tion, a method of driving a display device includes a frame
charge-maintaining step and a frame maintaining step. The
frame charge-maintaining step is to charge a corresponding
pixel data into one pixel row selected from a pixel row group
including n pixel rows, and of maintaining a voltage of liquid
crystal cells of another pixel row. The frame maintaining step
is to maintain a voltage ofliquid crystal cells of all pixel rows.

[0039] In an exemplary embodiment, the frame charge-
maintaining step may be repeated in n times per one frame.

[0040] According to another aspect of the present inven-
tion, a method of driving a display device includes a frame
black-charge-maintaining step and a frame maintaining step.
The frame black-charge-maintaining step is to charge a cor-
responding pixel data into one pixel row selected from a pixel
row group including n pixel rows, to maintain a voltage of
charged liquid crystal cells among liquid crystal cells of
another pixel row, and to charge a voltage corresponding to a
black image into not charged liquid crystal cells among liquid
crystal cells of another pixel row. The frame maintaining step
is to maintain a voltage of liquid crystal cells of all pixel rows.
[0041] In an exemplary embodiment, the frame black-
charge-maintaining step may be repeated in n times per one
frame.
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[0042] According to some exemplary embodiments of the
present invention, at least two pixel rows are simultaneously
charged to decrease a delay time of pixel row which is gen-
erated per one frame in a half or a quarter of a standard
charging time of liquid crystals, so that a 3D image may be
displayed without decreasing of a vertical resolution.

[0043] Moreover, an effective charging interval that a
charging of the liquid crystal cells is completed in each frame
is longer than a conventional art, so that a light providing time
of abacklight unit may be longer. Thus, it may enhance a total
luminance of a screen.

[0044] Moreover, an effective charging interval that a
charging of the liquid crystal cells is completed in each frame
is longer, so that a backlight unit driven in a batch may be used
instead of a backlight unit sequentially driven so that a manu-
facturing cost thereof may be markedly reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] The above and other features and aspects of the
present invention will become more apparent by describing in
detailed exemplary embodiments thereof with reference to
the accompanying drawings, in which:

[0046] FIG.11is a perspective view schematically explain-
ing an operation that a image is displayed in a display device;
[0047] FIG. 2 is a concept diagram schematically showing
a scanning type in accordance with a first comparative
embodiment;

[0048] FIG. 3 is a graph showing a charging of liquid crys-
tals in a scanning type of FIG. 2;

[0049] FIG. 4 is a concept diagram schematically showing
a scanning type in accordance with a second comparative
embodiment;

[0050] FIG. 5 is a graph showing a charging of liquid crys-
tals in a scanning type of FIG. 4;

[0051] FIG. 6 is a concept diagram schematically showing
a scanning type in accordance with a third comparative
embodiment;

[0052] FIG. 7is a concept diagram schematically showing
a scanning type in accordance with a fourth comparative
embodiment,

[0053] FIG. 81s a concept diagram schematically showing
a driving method of a display device according to one exem-
plary embodiment of the present invention;

[0054] FIG.9is a concept diagram schematically showing
a driving method of a display device according to another
exemplary embodiment of the present invention,

[0055] FIG.101s a concept diagram schematically showing
a driving method of a display device according to another
exemplary embodiment of the present invention,

[0056] FIG.11isaconceptdiagram schematically showing
a driving method of a display device according to another
exemplary embodiment of the present invention,

[0057] FIG.12isaconcept diagram schematically showing
a driving method of a display device according to another
exemplary embodiment of the present invention;

[0058] FIG.13isaconcept diagram schematically showing
a driving method of a display device according to another
exemplary embodiment of the present invention;

[0059] FIG.14isaconcept diagram schematically showing
a driving method of a display device according to another
exemplary embodiment of the present invention;

[0060] FIG.151saconcept diagram schematically showing
a driving method of a display device according to another
exemplary embodiment of the present invention;
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[0061] FIG. 16 is a concept diagram schematically showing
a driving method of a display device according to another
exemplary embodiment of the present invention;

[0062] FIG. 17 is a concept diagram schematically showing
a driving method of a display device according to another
exemplary embodiment of the present invention;

[0063] FIG. 18 is a concept diagram schematically showing
a driving method of a display device according to another
exemplary embodiment of the present invention;

[0064] FIG. 19 is a concept diagram schematically showing
a driving method of a display device according to another
exemplary embodiment of the present invention;

[0065] FIG. 20 is a concept diagram schematically showing
a driving method of a display device according to another
exemplary embodiment of the present invention; and

[0066] FIG. 21 is a concept diagram schematically showing
a driving method of a display device according to another
exemplary embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0067] Hereinafter, exemplary embodiments of the present
invention will be explained in detail with reference to the
accompanying drawings.

[0068] FIG. 11is a perspective view schematically explain-
ing an operation of a display device.

[0069] Referring to FIG. 1, a display device includes a
liquid crystal display panel 100 and a backlight unit 200. The
liquid crystal display panel 100 includes a plurality of liquid
crystal cells 110 and 120. The backlight unit 200 includes a
plurality of light source substrate 220 and a plurality of light
sources 210 formed on the light source substrate 220. The
light sources 210 in FIG. 1 are light-emitting diodes (LED).
The light sources 210 may be an electro luminescence (EL),
a cold cathode fluorescent lamp (CCFL), a hot cathode fluo-
rescent lamp (HCFL), an external electrode fluorescent lamp
(EEFL), etc.

[0070] In order to display an image on the liquid crystal
panel 100, voltages according to each image pixel are applied
to the liquid crystal cells 110 and 120. Then light is provided
to the liquid crystal cells 110 and 120 by a light source 210 of
a backlight unit 200. An electric field on the liquid crystal
cells 110 and 120 is applied according to a scan direction D1
pixel rows. The scan direction D1 may be a direction from an
upper portion of the liquid crystal panel 100 to a lower portion
of the liquid crystal panel 100. Alternatively, the scan direc-
tion D1 may be altered in accordance with a driving method
of a display device. The liquid crystals in the liquid crystal
cells 110 and 120 are rearranged according to an image. In
FIG. 1, the liquid crystal cell that a rearrangement of liquid
crystal is completed is represented by reference numeral
“110”, and the liquid crystal cell that a rearrangement of
liquid crystal is not completed is represented by reference
numeral “120”. The liquid crystal cell 120 that a rearrange-
ment of liquid crystal is not completed may have an arrange-
ment of liquid crystals of a previous frame.

[0071] After a rearrangement of the liquid crystals is com-
pleted in the liquid crystal cells 110 and 120, the light source
220 of the backlight unit 200 is driven to provide the liquid
crystal cells 110 and 120 with light. The backlight unit 200
may be individually driven in each area to sequentially pro-
vide light to the liquid crystal cell 110 that the rearrangement
of the liquid crystals is completed. Alternatively, the back-
light unit 200 may be driven simultaneously to provide the
liquid crystal cells 110 and 120 with light. When the backlight
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unit 200 is individually driven in each area, the light source
220 may be sequentially driven along a backlight driving
direction Db substantially identical to the scan direction D1
of the liquid crystal cells 110 and 120.

[0072] FIG. 2 is a concept diagram schematically showing
a scanning type in accordance with a first comparative
embodiment. In FIG. 2, for convenience of description, it is
assumed that display device has twelve pixel rows. Generally,
display device has more than one thousand pixel rows to
display a high quality image.

[0073] Referring to FIG. 2, in order to display one frame,
twelve pixel rows 11,12,13 ..., 110, 111 and I12 are displayed.
Each of the pixel rows I1,12,13, ..., 110,111 and 112 partially
displays an image corresponding to the pixel rows during
each of the frame intervals, and displays an image corre-
sponding to next frame when the one frame is ended. In FIG.
2, aleft eye image L and a right eye image R are sequentially
displayed on a display in an alternating manner. Each of the
pixel rows I1, 12, 13, . . ., 110, I11 and 112 is sequentially
driven. One frame interval period is a time between a charging
start time of the first pixel row and a charging start time of the
last pixel row. Moreover, the one frame interval period is
substantially equal to a standard charging time t of the liquid
crystal cell. The standard charging time t of the liquid crystal
cell is time required to finish rearrangement of the liquid
crystals after applying a voltage to the liquid crystals. Light
should be provided to the liquid crystal cells after charging of
the pixel rows I1, 12, 13, . . ., 110, 111 and 112 is sufficiently
completed within the one frame interval period. Thus, a back-
light unit provides light to the liquid crystal cells at the latter
part of the one frame interval period. An interval that the
backlight unit provides light is a light providing interval Bon.
[0074] FIG. 3 is a graph showing a charging of liquid crys-
tals in a scanning method of FIG. 2.

[0075] Generally, liquid crystals are not immediately rear-
ranged in accordance with an electric field but require a
predetermined time for rearrangement of the liquid crystals.
After apredetermined time period, pixels in the first pixel row
11 is charged and an effective charging status is archived.
Light should be provided from a backlight unit after an effec-
tive charging status is achieved so that a desired image may be
displayed on the display device.

[0076] In FIG. 3, the light is provided to the liquid crystal
cells after a predetermined time has passed after a charging of
the first pixel row I1 for a left eye image L is started and the
light is provided to the liquid crystal cells after a predeter-
mined time has passed after a charging of the first pixel row 11
for a right eye image R is started. By repeating the processes,
a 3D image may be displayed on a liquid crystal display
device.

[0077] FIG. 4is a concept diagram schematically showing
a scanning type in accordance with a second comparative
embodiment. In FIG. 4, for convenience of description, it is
assumed that display device has twelve pixel rows.

[0078] Referring to FIG. 4, in order to display one frame,
twelve pixel rows 11,12,13 ..., 110, 111 and I12 are displayed.
Each of the pixel rows 11, 12,13, . .., 110,111 and 112 partially
displays an image corresponding to the rows during each of
the frame intervals and displays an image corresponding to
next frame when the one frame is ended. In FIG. 4, a left eye
image [ and a right eye image R are sequentially displayed on
a display in an alternating manner. Each of the pixel rows I1,
12,13, ...,110,111 and 112 is sequentially driven. One frame
interval period is a time between a charging start time of the
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first pixel row and a charging start time of the last pixel row.
Moreover, the one frame interval period, 1st FRAME, 2nd
FRAME and 3rd FRAME, is substantially equal to two times
of a charging time t of the liquid crystal cell. Light should be
provided to the liquid crystal cells after charging of the liquid
crystals in the pixel rows I1, 12,13, .. ., 110, 111 and 112 is
sufficiently completed within the one frame interval period.
Unlike FIG. 2, the present exemplary embodiment has two
charging time t in one frame interval period. Thus, a backlight
unit provides light at the latter of the one frame interval
period, per each pixel row. An interval that the backlight unit
provides light is a light providing interval Bon.

[0079] FIG. 5isa graph showing a charging of liquid crys-
tals in a scanning type of FIG. 4.

[0080] Generally, liquid crystals are not immediately rear-
ranged in accordance with an electric field but require a
predetermined time for rearranging the liquid crystals. In
FIG. §, the charging time ‘t’ is half of the first frame interval
period, 1st FRAME. Thus, when a backlight unit provides
light during the second charging time ‘t’, a desired image may
be displayed on the display.

[0081] In FIG. 5, the light is provided from the backlight
unit after a charging of the first pixel row 11 for a left eye
image [ is completed because the light is provided from the
backlight unit during a second charging interval. The liquid
crystal cell in this embodiment has a twice faster charging
time than the liquid crystal cell in an embodiment of FIG. 2.
Charging statuses of all the liquid crystal cells are in an
effective charging status during the second charging interval,
so that much correct image can be displayed. Further, the light
is provided from the backlight unit after a charging of the first
pixel row I1 for a right eye image R is completed, because the
light is provided from the backlight unit during a second
charging interval. By repeating the processes, a 3D image
may be displayed on a liquid crystal display device.

[0082] FIG. 6 is a concept diagram schematically showing
a scanning type in accordance with a third comparative
embodiment.

[0083] The scanning type of FIG. 6 is substantially the
same as the scanning type of FIG. 4 except for at least a
driving time of a backlight unit. Thus, any repetitive detailed
description may hereinafter be omitted. Referring to FIG. 6,
each pixel rows 11,12, 13, . .., 110,111 and I12 is sequentially
driven, so that each pixel rows I1,12,13, ..., 110,111 and 112
are charged twice during each one frame interval period, 1st
FRAME, 2nd FRAME and 3rd FRAME. Moreover, the each
one frame interval period, 1st FRAME, 2nd FRAME and 3rd
FRAME, is substantially twice of a charging time t of the
liquid crystal cell. Light should be provided in a stage that a
charging of the pixel rows I1, 12, 13, .. ., 110, 111 and 12 is
sufficiently completed within the one frame interval period,
1st FRAME, 2nd FRAME and 3rd FRAME. Unlike FIG. 2,
one frame interval period, 1st FRAME, 2nd FRAME and 3rd
FRAME, is twice longer than the charging time t of the liquid
crystal in the present exemplary embodiment.

[0084] According to the present exemplary embodiment of
FIG. 6, a backlight unit is driven simultaneously for all pixel
rows. The backlight unit is turned on at the latter part of the
first charging time of the twelfth pixel row 112, and turned off
before second charging time of the first pixel row I1 is ended.
[0085] FIG. 7 is a concept diagram schematically showing
a scanning type in accordance with a fourth comparative
embodiment.
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[0086] 1In FIG. 7, it is assumed that display device has six
pixel rows. The reason that the number of pixel rows accord-
ing to a fourth comparative embodiment is different from the
number of pixel rows is that a frequency of liquid crystal
display according to a fourth comparative embodiment is
lower than that of liquid crystal display according to another
comparative embodiment.

[0087] Referring to FIG. 7, in order to display one frame,
1st FRAME, 2nd FRAME and 3rd FRAME, six pixel rows 1,
12,13,14,15 and 16 are displayed. Each of the pixel rows I1, 12,
13, 14, 15 and 16 partially displays an image corresponding to
the pixel rows during each of the one frame interval period,
1st FRAME, 2nd FRAME and 3rd FRAME, and displays an
image corresponding to next frame when the one frame inter-
val period, 1st FRAME, 2nd FRAME and 3rd FRAME, is
ended. In FIG. 7, a left eye image L and a right eye image R
are sequentially displayed on a display in an alternating man-
ner. Each of the pixel rows 11, 12, 13, 14, IS and 16 is sequen-
tially driven. One frame interval period is a time between a
charging start time of the first pixel row and a charging start
time of the last pixel row. Moreover, the one frame interval
period, 1st FRAME, 2nd FRAME and 3rd FRAME, is sub-
stantially equal to a standard charging time t of the liquid
crystal cell. Light should be provided to the liquid crystal
cells after charging of the pixel rows 11, 12, 13, 14, [5 and 16 is
sufficiently completed within the each one frame interval
period, 1st FRAME, 2nd FRAME and 3rd FRAME. Thus, a
backlight unit is turn on at the latter part of the each one frame
interval period, 1st FRAME, 2nd FRAME and 3rd FRAME,
per each pixel rows. An interval that the backlight unit pro-
vides light is a light providing interval Bon.

[0088] FIG. 8is a concept diagram schematically showing
a driving method of a display device according to one exem-
plary embodiment of the present invention.

[0089] Referring to FIG. 8, a driving method of a display
device includes a preliminary frame charging step P1 and a
main frame charging step M1. In FIG. 8, for convenience of
description, it is assumed that display device has twelve pixel
rows. Generally, display device has more than one thousand
pixel rows to display a high quality image.

[0090] Inadrivingmethod ofadisplay apparatus according
to the present exemplary embodiment, a first frame Ist
FRAME, a second frame 2nd FRAME and a third frame are
sequentially progressed. Fach frames, 1st FRAME, 2nd
FRAME and 3rd FRAME, has substantially the same period.
The present exemplary embodiment provides a method for
displaying 3D image on a display. That is, in order to display
a 3D image, a left eye image is displayed in the first frame
during intervals .1 and .2, and a right eye image is displayed
in the second frame during intervals R1 and R2. Again, aleft
eye image having a different sequence from the first frame is
displayed in the third frame during intervals L.1' and L.2".
[0091] For the first frame, 1st FRAME, in the first prelimi-
nary frame charging step P1, pixel data corresponding to a
(2N-1)-th pixel row is simultaneously charged into liquid
crystal cells corresponding to the (2N-1)-th pixel row and the
(2N)-th pixel row. An image for a left-eye is prepared the first
preliminary frame charging step P1. Pixel data corresponding
to the first pixel row 11 is simultaneously charged into liquid
crystal cells corresponding to a first pixel row 11 and a second
row 12, and pixel data corresponding to the third pixel row 13
is simultaneously charged into liquid crystal cells corre-
sponding to a third pixel row 13 and a fourth pixel row 14.
Similarly, liquid crystal cells in fifth and sixth pixel rows I5
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and 16 are charged with data corresponding to a fifth pixel
row, and seventh and eighth pixel rows 17 and I8 are charged
with data corresponding to a seventh pixel row. Further, ninth
and tenth pixel rows 19 and 110 are charged with data corre-
sponding to a ninth pixel row, and eleventh and twelfth pixel
rows 11 and 112 are charged with data corresponding to an
eleventh pixel row.

[0092] In the main frame charging step M1, pixel data of
liquid crystal cells corresponding to the (2N-1)-th pixel row
is maintained (or hold), and a pixel data of liquid crystal cells
corresponding to the (2N)-th pixel row is charged into pixel
data of liquid crystal cells corresponding to the (2N)-th pixel
row. In the first frame interval, 1st FRAME, a left eye image
is prepared. In the main frame charging step M1, a charging
status of liquid crystal cells corresponding to the first pixel
row I1, the third pixel row I3, the fifth pixel row I5, the seventh
pixel row 17, the ninth pixel row 19 and the eleventh pixel row
111 is maintained. In the main frame charging step M1, liquid
crystal cells corresponding to the second pixel row 12 is
charged with data corresponding to the second pixel row 12,
and liquid crystal cells corresponding to the fourth pixel row
14, the sixth pixel row 16, the eighth pixel row I8, the tenth
pixel row 110 and the twelfth pixel row 112 are charged with
data corresponding to the pixel rows, respectively.

[0093] When the first frame interval period, 1st FRAME, is
completed, a right eye image is prepared in the second frame
interval period, 2nd FRAME, in the same way as the first
frame interval period, 1st FRAME. Liquid crystal cells cor-
responding to each pixel row are charged in the process
described above except that image data are a right eye images.
When the second frame interval, 2nd FRAME; is completed,
the third frame interval, 3rd FRAME, is started.

[0094] Inthe third frame interval, 3rd FRAME, a reversion
preliminary frame charging step and a reversion main frame
charging step are performed instead of the preliminary frame
charging step P1 and the main frame charging step M1 that are
performed in the first frame interval, 1st FRAME.

[0095] The reversion preliminary frame charging step is
substantially the same as the preliminary frame charging step
except that pixel data is initially charged with pixel data
corresponding to a (2N)-th pixel rows. Further, the reversion
main frame charging step is substantially the same as the main
frame charging step except that pixel data of liquid crystal
cells corresponding to the (2N)-th pixel row is maintained and
pixel data corresponding to a (2N-1)-th pixel row is charged
with data corresponding to the pixel rows, respectively.
[0096] Referring again to FIG. §, in a preliminary frame
charging step P1 of a first frame interval, 1st FRAME, a pixel
data corresponding to a (2N-1)-th pixel row is charged into a
corresponding pixel group, (2N-1)-th pixel row and (2n)th
pixel row. That is, pixel data corresponding to first, third, fifth,
seventh, ninth and eleventh pixel rows are charged into liquid
crystal cells corresponding to second, fourth, sixth, eighth,
tenth and twelfth pixel rows, respectively. However, in a
revision preliminary frame charging step RP of a third frame
3rd FRAME, a pixel data corresponding to a (2N)-th pixel
row is charged into a corresponding pixel group, (2N-1)-th
pixel row and (2n)th pixel row. That is, pixel data correspond-
ing to second, fourth, sixth, eighth, tenth and twelfth pixel
rows are simultaneously charged into liquid crystal cells cor-
responding to first, third, fifth, seventh, ninth and eleventh
pixel rows, respectively. In the preliminary frame and the
reversion preliminary frame, initial pixel data which are
charged during preliminary frame and reversion preliminary
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frame are adopted in an alternating manner. When the pixel
group has more than three consecutive pixel rows, the three
consecutive pixel rows in the pixel group may be charged
simultaneously.

[0097] The reversion preliminary frame charging step RP
and the reversion main frame charging step RM have reversed
charge sequences than the preliminary frame charging step P1
and the main frame charging step M1. A fourth frame interval
has the reversion preliminary frame charging step and the
reversion main frame charging step of the second Frame. A
fifth frame interval has the sequence identical to the first
frame interval.

[0098] In the preliminary frame charging step P1 and the
main frame charging step M1, a difference between a charg-
ing start time of the first pixel row and a charging start time of
the last pixel row may be a half of a standard charging time
(¥/2) of the liquid crystal cells. Thus, a scanning delay time,
which is between a charging start time of the first pixel row
and a charging start time of the last pixel row, of the present
exemplary embodiment is a half of a standard charging time
(¢/2). In the preliminary frame charging step P after a charging
of the first pixel row I1 is started, charging of the eleventh and
twelfth pixel rows 111 and 112 are started after a half of a
standard charging time (t/2) of the liquid crystal cells is
elapsed. It means that a time for charging all pixel rows of a
display is a half of a standard charging time (t/2) of liquid
crystal cells. Thus, a delay time of one frame may be reduced
to about a half.

[0099] The preliminary frame charging step P1 and the
main frame charging step M1 may be performed during a
standard charging time ‘t’ ofthe liquid crystal cell. Each of the
charging steps P1 and M1 may be progressed during a stan-
dard charging time ‘t” of liquid crystal cells corresponding to
each pixel row. A charging of liquid crystal cells of one pixel
row I1 in a first pixel group (pixels in pixel rows I1 and 12)
may be completed during the preliminary frame charging step
P1,and a charging of liquid crystal cells of the other pixel row
12 in the first pixel group may be completed during the main
frame charging step M1. Because a charging of liquid crystal
cells corresponding (2N)-th pixel row is completed in the
preliminary frame charging step P1 as data of (2N-1)-th pixel
row, liquid crystal cells corresponding to a (2N)-th pixel row
can be charged in a short time.

[0100] The backlight may be sequentially turned on at the
latter part of the preliminary frame charging step P1 of each
pixel row and turned off before ending of the main frame
charging step M1 of each pixel row.

[0101] In a comparative embodiment of FIG. 4, when the
backlight unit is turn on sequentially per each pixel row, the
backlight is turned on during an interval corresponding to the
main frame charging step M1. Conventionally, when a 3D
image is displayed on the display, a changing of a left eye
image and a right eye image is performed. In a comparative
embodiment of FIG. 4, when a changing of a left eye image
and a right eye image is performed, a black image has to be
inserted between the left eye image and the right eye image to
reduce a cross-talk. However, it is not necessary to insert a
black image between the left eve image and the right eye
image in this exemplary embodiment. In addition, a turn on
time of a backlight unit may be extended longer than that of a
conventional driving method, so that a brightness of an image
may be increased.
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[0102] FIG. 9 is a concept diagram schematically showing
a driving method of a display device according to another
exemplary embodiment of the present invention.

[0103] A driving of each pixel row described in FIG. 9 is
substantially the same as the driving of each pixel row
described in FIG. 8 except for a driving time of a backlight
unit. The backlight unit is driven sequentially corresponding
to each pixel row in an exemplary embodiment of FIG. 8. The
backlight unit of the driving method of FIG. 9 is turned-on
simultaneously.

[0104] Referring to FIG. 9, the backlight may be turned on
after ending of a preliminary frame charging step P1 of the
first pixel row t1 and turned off before ending of an interval
that a main frame charging step M1 of the first pixel row I1. As
described above, after the preliminary frame charging step P1
is completed, each of the pixels in a pixel group has a charged
status which is charged by an image data of the corresponding
pixel groups. Thus the liquid crystal cells can be charged to
their image data in a short time. As a result, a turn-on time of
a backlight unit may be extended longer than that of a con-
ventional driving method, so that a brightness of an image
may be increased.

[0105] Inthe comparative embodiment of FIG. 6, when the
backlight unit is turned on simultaneously, the backlight unit
may be turned on during a short interval. As described above,
the backlight unit must be turned on in a status that liquid
crystal cells corresponding to each pixel row are effectively
charged. An interval that the first pixel row and the last pixel
row are effectively charged in the comparative embodiment
of FIG. 6 is very short. Therefore, the backlight unit may be
turn on for a short time, so that a luminance of a display may
be decreased. When the display device is a switchable device
which can display a 2D image and a 3D image according to a
source of data to be displayed, a luminance of the 3D image
may be rapidly decreased.

[0106] Inadriving method of a display device according to
the present exemplary embodiment, a difference between a
driving star time of the first pixel row 11 and a driving start
time of the twelfth pixel row I12 is a half of a start charging
time ‘t” of the liquid crystal cells, so that an effective charging
interval capable of providing light to the display may be
increased. Referring to FIG. 9, the backlight unit is turned on
after ending of a preliminary frame charging step P1 of the
first pixel row 11 and before ending of a main frame charging
step M1 of the first pixel row I1. Thus, a total luminance
according to the present exemplary embodiment may be
increased rather than that of a conventional driving method.

[0107] FIG. 10 is a concept diagram schematically showing
a driving method of a display device according to another
exemplary embodiment of the present invention.

[0108] Referring to FIG. 10, a driving method of a display
device includes a preliminary frame charging step P1, a main
frame charging step M1 and a frame maintaining step S1. In
FIG. 10, for convenience of description, it is assumed that
display device has twelve pixel rows. Generally, display
device has more than one thousand rows to display a high
quality image.

[0109] In the first preliminary frame charging step P1, a
pixel data corresponding to a (2N-1)-th pixel row is simulta-
neously charged into liquid crystal cells corresponding to the
(2N-1)-th pixel row and the (2N)-th pixel row. A pixel data
corresponding to the first pixel row I1 is simultaneously
charged into liquid crystal cells corresponding to a first pixel
row I1 and a second pixel row 12, and pixel data correspond-
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ing to the third pixel row I3 is simultaneously charged into
liquid crystal cells corresponding to a third pixel row 13 and a
fourth pixel row 14. Similarly, liquid crystal cells in fifth and
sixth pixel rows I5 and 16 are charged with data corresponding
to a fifth pixel row, and seventh and eighth pixel rows 17 and
18 are charged with data corresponding to a seventh pixel row.
Further, ninth and tenth pixel rows 19 and 110 are charged with
data corresponding to a ninth pixel row, and eleventh and
twelfth pixel rows 11 and 112 are charged with data corre-
sponding to an eleventh pixel row.

[0110] In the main frame charging step M1, pixel data of
liquid crystal cells corresponding to the (2N-1)-th pixel row
is maintained, and a pixel data of liquid crystal cells corre-
sponding to the (2N)-th pixel row is charged into pixel data of
liquid crystal cells corresponding to the (2N)-th pixel row. In
the main frame charging step M1, a charging status of liquid
crystal cells corresponding to the first pixel row I1, the third
pixel row 13, the fifth pixel row I5, the seventh row 17, the
ninth pixel row 19 and the eleventh row [11 is maintained. In
the main frame charging step M1, liquid crystal cells corre-
sponding to the second pixel row 12 is charged with a data
corresponding to the second pixel row 12, and liquid crystal
cells corresponding to the fourth pixel row 14, the sixth pixel
row 16, the eighth pixel row I8, the tenth pixel row 110 and the
twelfth pixel row 112 are charged with data corresponding to
the pixel rows, respectively.

[0111] In the frame maintaining step S1, a voltage charged
into liquid crystal cells of all pixel rows I1,12,13, ..., 110,111
and 112 is maintained. The preliminary frame charging step
P1 and the main frame charging step M1 are progressed
during a first half of a standard charging time (t/2) of the liquid
crystal cells, and the frame maintaining step S1 is progressed
during a standard charging time (t) of the liquid crystal cells.
In the preliminary frame charging step P1 and the main frame
charging step M1, a difference between a charging start time
of the first pixel row and a charging start time of the last pixel
row may be a half of a standard charging time (t/2) of the
liquid crystal cells. In the preliminary frame charging step P1
after a charging of the first pixel row I1 is started, charging of
the eleventh and twelfth pixel rows 111 and 112 are started
after a half (t/2) of a standard charging time of the liquid
crystal cells is elapsed. It means that a time for charging all
pixel rows of a display is a half of a standard charging time
(12) of liquid crystal cells. Thus, a scanning delay time of one
frame may be reduced to about a half.

[0112] Moreover, in the present embodiment, during the
frame maintaining step S1, all liquid crystal cells of a display
device may maintain a status that a charging is completed. A
maintaining interval of the charging may be extended in com-
parison with another exemplary embodiment. In the present
exemplary embodiment, the backlight unit may be turned on
simultaneously. The backlight may be turned-on after a
beginning of a main frame charging step M1 of the last pixel
row 112 and may be turned-off before an ending of a frame
maintaining step S1 of the pixel row I1. Thus, a turn-on time
of a backlight unit may be extended longer than that of a
conventional backlight unit, so that a brightness of an image
may be increased.

[0113] The present exemplary embodiment may be com-
pared with a comparative embodiment of FIG. 6. In the com-
parative embodiment of FIG. 6, when the backlight is turned
on simultaneously, the backlight turn on time cannot be
extended because the backlight unit must provide light to the
display device after all liquid crystal cells of a display device
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are charged with a voltage corresponding to an image.
According to the exemplary embodiment, a light providing
time of a backlight unit may be extended longer than that of a
conventional backlight unit, so that a brightness of an image
may be increased.

[0114] Referring to FIGS. 8 to 10, when a preliminary
frame charging step P1 and a main frame charging step M1
are repeated to display a succeeding frame, a charge
sequences may be reversed.

[0115] In a case that a pixel data corresponding to a (2N-
1)-th pixel row is charged into liquid crystal cells correspond-
ing to the (2N-1)-th pixel row and the (2N)-th pixel row in a
previous preliminary frame charging step, the reversion pre-
liminary frame charging step is a step that a pixel data corre-
sponding to the (2N)-th pixel row is simultaneously charged
into liquid crystal cells corresponding to the (2N-1)-th pixel
row and the (2N)-th pixel row. In the main frame charging
step M1 after the reversion preliminary frame charging step,
a voltage of liquid crystal cells corresponding to the 2N-th
pixel row is maintained, and a pixel data corresponding to the
(2N-1)-th pixel row is charged into liquid crystal cells cor-
responding to the (2N-1)-th pixel row. Thus, an image quality
deterioration such as an image distortion may be prevented.
[0116] Referring again to FIG. 10, in a first frame interval,
1st FRAME, a pixel data corresponding to a (2N-1)-th pixel
row is simultaneously charged into liquid crystal cells corre-
sponding to the (2N-1)-th pixel row and the (2N)-th pixel
row. However, in a third frame interval 3rd FRAME, a pixel
data corresponding to a (2N)-th pixel row is simultaneously
charged into liquid crystal cells corresponding to the (2N-1)-
th pixel row and the (2N)-th pixel row. Similarly, in a second
frame interval 2nd FRAME, a pixel data corresponding to a
(2N-1)-th pixel row is simultaneously charged into liquid
crystal cells corresponding to the (2N-1)-th pixel row and the
(2N)-th pixel row. Although not shown in FIG. 10, in a fourth
frame interval, a pixel data corresponding to a (2N)-th pixel
row is simultaneously charged into liquid crystal cells corre-
sponding to the (2N-1)-th pixel row and the (2N)-th pixel
row.

[0117] Although not shown in FIG. 10, the fourth frame
interval, 4th FRAME, may include intervals R1' and R2'
displaying each right eye image on the display device.
[0118] FIG. 11 is a concept diagram schematically showing
a driving method of a display device according to another
exemplary embodiment of the present invention.

[0119] A driving method of a display device in accordance
with the present exemplary embodiment of FIG. 11 is sub-
stantially the same as the driving method of a display device
in accordance with the exemplary embodiment of FIG. 8
except for at least a driving of a backlight unit. Thus, any
repetitive detailed description may hereinafter be omitted.
[0120] Referring to FIG. 11, a driving method of a display
device includes a preliminary frame charging step P1 and a
main frame charging step M1. In the first preliminary frame
charging step P1, a pixel data corresponding to a (2N-1)-th
pixel row is simultaneously charged into liquid crystal cells
corresponding to the (2N-1)-th pixel row and the (2N)-th
pixel row. A pixel data corresponding to the first pixel row 11
is simultaneously charged into liquid crystal cells corre-
sponding to the first pixel row 1 and the second pixel row 12,
and pixel data corresponding to the third pixel row I3 is
simultaneously charged into liquid crystal cells correspond-
ing to the third pixel row 13 and the fourth pixel row 14. In the
main frame charging step M1, a voltage of liquid crystal cells
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corresponding to the (2N-1)-th pixel row is maintained, and
a pixel data corresponding to the (2N)-th pixel row is charged
into liquid crystal cells corresponding to the (2N)-th pixel
row.

[0121] In the preliminary frame charging step P1 and the
main frame charging step M1, a difference between a charg-
ing start time of the first pixel row and a charging start time of
the last pixel row may be a half of a standard charging time
(¢/2) of the liquid crystal cells. In the preliminary frame charg-
ing step P1, a charging of the eleventh and twelfth pixel rows
111and 112 are started after a half of a standard charging time
(t/2) of the liquid crystal cells is elapsed from a beginning of
a charging of the pixel rows I1 and 12. It means that a time for
charging all pixel rows of a display device is a half of a
standard charging time (1/2) of liquid crystal cells. Thus, a
delay time of one frame may be reduced to about a half.
[0122] During the main frame charging step M1 is pro-
gressed, the backlight may be turned-on. Backlight is sequen-
tially turned-on dunng the main frame charging step M1 of
each pixel row, so that the liquid crystal cells corresponding to
the pixel row may display an image.

[0123] FIG.12isaconcept diagram schematically showing
a driving method of a display device according to another
exemplary embodiment of the present invention.

[0124] Referring to FIG. 12, a driving method of a display
device includes a first preliminary frame charging step P11, a
second preliminary frame charging step P12 and a to main
frame charging step M1. In FIG. 12, for convenience of
description, it is assumed that display device has twelve pixel
rows.

[0125] In the first preliminary frame charging step P11, a
pixel data of a first representative pixel row among a (3N-2)-
th pixel row, a (3N-1)-th pixel row and a 3N-th pixel row is
simultaneously charged into liquid crystal cells correspond-
ing to the (3N-2)-th pixel row, the (3N-1)-th pixel row and an
3N-th pixel row. A pixel data corresponding to the first pixel
row I1 is simultaneously charged into liquid crystal cells
corresponding to the first pixel row 11, the second pixel row 12
and the third pixel row 13. A pixel data corresponding to the
fourth pixel row 14 is simultaneously charged into liquid
crystal cells corresponding to the fourth pixel row 14, the fifth
pixel row 15 and the sixth pixel row 16. Similarly, the seventh,
eighth and ninth pixel rows 17,18 and 19 are charged with data
corresponding to the seventh pixel row, and tenth, eleventh
and twelfth pixel rows 110, 111 and 112 are charged with data
corresponding to the tenth pixel row.

[0126] In the second preliminary frame charging step P12,
a voltage of liquid crystal cells corresponding to the first
representative pixel row is maintained, a second representa-
tive pixel row 1s selected from pixel rows except for the first
representative pixel row, and then a pixel data of the second
representative pixel row is simultaneously charged into liquid
crystal cells corresponding to remaining two pixel rows. Lig-
uid crystal cells corresponding to the first pixel row [1 main-
tain a voltage, and liquid crystal cells corresponding to the
second pixel row 12 and the third pixel row I3 are simulta-
neously charged with a pixel data corresponding to the second
pixel row 12. Liquid crystal cells corresponding to the fourth
pixel row 14 maintain a voltage, and liquid crystal cells cor-
responding to the fifth pixel row I5 and the sixth pixel row 16
are simultaneously charged with a pixel data corresponding to
the fifth pixel row I5. Similarly, liquid crystal cells corre-
sponding to the seventh and tenth pixel rows 17 and 110
maintain a voltage, liquid crystal cells corresponding to the
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eighth and ninth pixel rows I8 and 19 are charged with a pixel
data corresponding to the eighth pixel row I8, and liquid
crystal cells corresponding to the eleventh and twelfth pixel
rows 111 and 12 are charged with a pixel data corresponding
to the eleventh pixel row I11.

[0127] In the main frame charging step M1, a voltage of
liquid crystal cells corresponding to the first representative
pixel row and the second representative pixel row is main-
tained, and a pixel data corresponding to one of the remaining
pixel rows is charged into liquid crystal cells corresponding to
one of the remaining pixel row.

[0128] Liquid crystal cells corresponding to the first pixel
row 11 and the second pixel row 12 maintain a voltage, and
liquid crystal cells corresponding to the third pixel row 13 is
charged with a pixel data corresponding to the third pixel row
13. Liquid crystal cells corresponding to the fourth pixel row
14 and the fifth pixel row IS maintain a voltage, and liquid
crystal cells corresponding to the sixth pixel row 16 is charged
with a pixel data corresponding to the sixth pixel row I6.
Similarly, liquid crystal cells corresponding to the seventh,
eighth, tenth and eleventh pixel rows 17, 18, 110 and 111
maintain a voltage, liquid crystal cells corresponding to the
ninth pixel row 19 is charged with a pixel data corresponding
to the ninth pixel row 19, and liquid crystal cells correspond-
ing to the twelfth pixel row 112 is charged with a pixel data
corresponding to the twelfth pixel row I12.

[0129] Inthe first preliminary frame charging step P11, the
second preliminary frame charging step P12 and the main
frame charging step M1, a difference between a charging start
time of the first pixel row and a charging start time of the last
pixel row may be a quarter of a standard charging time (t/4) of
the liquid crystal cells. In the first preliminary frame charging
step P11, charging of the pixel data in tenth, eleventh and
twelfth pixel rows 110, I11 and 112 are started after a quarter
of a standard charging time (t/4) of the liquid crystal cells is
elapsed from a beginning of a charge of the pixel data in the
first, the second and the third pixel rows. It means that a time
for charging all pixel rows of a display device is a quarter of
a standard charging time (t/4) of liquid crystal cells. Thus, a
delay time of one frame may be reduced to about a quarter.
[0130] Moreover, a driving method of a display apparatus
according to the present exemplary embodiment may further
include a frame maintain step S1 which maintains voltages of
liquid crystal cells corresponding to the (3N-2)-th pixel row,
the (3N-1)-th row and an 3N-th pixel row. In the frame
maintaining step S1, voltages of liquid crystal cells corre-
sponding to the pixel rows I1,12,13, ..., 110,111 and 112 are
maintained.

[0131] The first and second preliminary frame charging
steps P11 and P12 and the main frame charging step M1 may
be progressed during a quarter of a standard charging time
(t/4) of each of the liquid crystal cell. Each of the charging
steps P11, P12 and M1 is progressed during a quarter of a
standard charging time (t/4) of each of the liquid crystal cell
corresponding to each pixel row. Moreover, the frame main-
taining step S1 may be progressed during a quarter of a
standard charging time (t/4) of each of the liquid crystal cell
similar to the first and the second preliminary frame charging
steps P11 and P12 and the main frame charging step M1.
Thus, a sum of the charging steps P11, P12 and M1 and the
maintaining step S1 may correspond with one frame interval
IFRAME.

[0132] Liquidcrystal of the display device may have a short
charging time. In this case, the first and the second prelimi-
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nary frame charging steps P11 and P12, the main frame charg-
ing step M1 and the frame maintaining step S1 may be more
than about Y5 of a standard charging time of the liquid crystal
cells.

[0133] Moreover, the backlight may be turned on during the
main frame charging step M1 and the frame maintaining step
S1 to display an image. When the backlight is turned on
sequentially by areas corresponding to the pixel rows, a light
may be turned on after a beginning of the main frame charging
step M1 and turned off before an ending of the frame main-
taining step S1.

[0134] FIG.13isaconcept diagram schematically showing
a driving method of a display device according to another
exemplary embodiment of the present invention.

[0135] A driving method of a display device in accordance
with the present exemplary embodiment of FIG. 13 is sub-
stantially the same as the driving method of a display device
in accordance with the exemplary embodiment of FIG. 12
except for at least a driving of a backlight unit. Thus, any
repetitive detailed description may hereinafter be omitted.
[0136] A driving method of a display apparatus according
to the present exemplary embodiment may include a first
preliminary frame charging step P11, a second preliminary
frame charging step P12 and a main frame charging step M1.
In the first preliminary frame charging step P11, a pixel data
of a first representative pixel row among a (3N-2)-th pixel
row, a (3N-1)-th pixel row and a 3N-th pixel row is simulta-
neously charged into liquid crystal cells corresponding to the
(3N-2)-th pixel row, the (3N-1)-th pixel row and an 3N-th
pixel row. In the second preliminary frame charging step P12,
a voltage of liquid crystal cells corresponding to the first
representative pixel row is maintained, a second representa-
tive pixel row is selected from pixel rows except for the first
representative pixel row, and then a pixel data of the second
representative pixel row is simultaneously charged into liquid
crystal cells corresponding to remaining two pixel lines. In
the main frame charging step M1, voltages of liquid crystal
cells corresponding to the first representative pixel row and
the second representative pixel row are maintained, and then
a pixel data of the remaining one pixel row is simultaneously
charged into liquid crystal cells corresponding to the remain-
ing one pixel row. Moreover, a driving method of a display
apparatus according to the present exemplary embodiment
may further include a frame maintain step S1 which main-
tains voltages of liquid crystal cells corresponding to the
(3Np-2)-th pixel row, the (3Nf-1)-th pixel row and an 3N-th
pixel row.

[0137] The backlight is turned on simultaneously. The
backlight may be turned on after an ending of the main frame
charging step M1 and before an ending of the frame main-
taining step S1.

[0138] FIG.14isaconcept diagram schematically showing
a driving method of a display device according to another
exemplary embodiment of the present invention.

[0139] Referring to FIG. 14, a driving method of a display
device in accordance with the present exemplary embodiment
of FIG. 14 is substantially the same as the driving method of
a display device in accordance with the exemplary embodi-
ment of FIG. 13 except for at least a driving of a backlight
unit. Thus, any repetitive detailed description may hereinafter
be omitted.

[0140] A driving method of a display apparatus according
to the present exemplary embodiment may include a first
preliminary frame charging step P11, a second preliminary
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frame charging step P12 and a main frame charging step M1.
In the first preliminary frame charging step P1, a pixel data of
a first representative pixel row among a (3N-2)-th pixel row,
a(3N-1)-th pixel row and a 3N-th pixel row is simultaneously
charged into liquid crystal cells corresponding to the (3N=-2)-
th pixel row, the (3N-1)-th pixel row and an 3N-th pixel row.
In the second preliminary frame charging step P12, a voltage
of liquid crystal cells corresponding to the first representative
pixel row is maintained, a second representative pixel row is
selected from pixel rows except for the first representative
pixel row, and then a pixel data of the second representative
pixel row is simultaneously charged into liquid crystal cells
corresponding to remaining two pixels. In the main frame
charging step M1, voltages of liquid crystal cells correspond-
ing to the first representative pixel row and the second repre-
sentative pixel row are maintained, and then a pixel data ofthe
remaining one pixel row is simultaneously charged into liquid
crystal cells corresponding to remaining one pixel. Moreover,
a driving method of a display apparatus according to the
present exemplary embodiment may further include a frame
maintain step S1 which maintains voltages of liquid crystal
cells corresponding to the (3N-2)-th pixel row, the (3N-1)-th
pixel row and an 3N-th pixel row.

[0141] The backlight is turned on simultaneously. The
backlight may be turned on after a beginning of the main
frame charging step M1 and before an ending of the frame
maintaining step S1.

[0142] FIG. 15 is aconcept diagram schematically showing
a driving method of a display device according to another
exemplary embodiment of the present invention.

[0143] Referring to FIG. 15, a driving method of a display
device includes a preliminary frame charging step P1, a main
frame charging step M1 and a frame maintaining step S1. In
the preliminary frame charging step P1, liquid crystal cells
respectively corresponding to the (4N-3)-th pixel row, the
(4N-2)-th pixel row, the (4N-1)-th pixel row and the (4N)-th
pixel row are charged with a voltage of pixel data correspond-
ing to the (4N-3)-th pixel row. That is, liquid crystal cells
respectively corresponding to first to fourth pixel rows I1, 12,
13 and I4 are simultaneously charged with a voltage of pixel
data corresponding to the first pixel row I1. Moreover, liquid
crystal cells respectively corresponding to fifth to eighth pixel
rows 15, 16, 17 and 18 are simultaneously charged with a
voltage of pixel data corresponding to the fifth pixel row I5.
Similarly, liquid crystal cells respectively corresponding to
ninth to twelfth pixel rows 19, 110, 111 and 112 are simulta-
neously charged with a voltage of pixel data corresponding to
the ninth pixel row 19.

[0144] hi the main frame charging step M1, a voltage of
liquid crystal cells respectively corresponding to the (4N-3)-
th pixel row and the (4N-2)-th pixel row is maintained, and
liquid crystal cells respectively corresponding to the (4N-1)-
th pixel row and the (4N)-th pixel row are charged with a
voltage of a pixel data corresponding to the (4N-1)-th pixel
row. That is, a voltage of liquid crystal cells respectively
corresponding to first and second pixel rows 11 and 12 is
maintaired, and liquid crystal cells respectively correspond-
ing to third and fourth pixel rows I3 and 14 are simultaneously
charged with a voltage of a pixel data corresponding to the
third pixel row 13. Moreover, a voltage of liquid crystal cells
respectively corresponding to fifth and sixth pixel rows I5 and
16 is maintained, and liquid crystal cells respectively corre-
sponding to seventh and eighth pixel rows 17 and 18 are
simultaneously charged with a voltage of a pixel data corre-
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sponding to the seventh pixel row 17. Similarly, a voltage of
liquid crystal cells respectively corresponding to ninth and
tenth pixel rows 19 and 110 is maintained, and liquid crystal
cells respectively corresponding to eleventh and twelfth pixel
rows I11 and 112 are simultaneously charged with a voltage of
a pixel data corresponding to the eleventh pixel row I11.
[0145] Inthe frame maintaining step S1, a voltage of liquid
crystal cells respectively corresponding to the (4N-3)-th
pixel row, the (4N-2)-th pixel row, the (4N-1)-th pixel row
and the (4N)-th pixel row is maintained. That is, a charging
voltage of all liquid crystal cells corresponding to the first to
twelfth pixel rows I1, 12,13, . . ., [10, 111 and 112 is main-
tained.

[0146] Referring again to FIG. 15, in a driving method of a
display device according to the present exemplary embodi-
ment, in the first preliminary frame charging step P1, the main
frame charging step M1 and the frame maintaining step S1, a
difference between a charging start time of the first pixel row
11 and a charging start time of the last pixel row [12 or a
difference between a maintaining start time of the first pixel
row 11 and a maintaining start time of the last pixel row 112
may be aquarter of a standard charging time (t/4) of the liquid
crystal cells. Since a charging is progressed by four pixel rows
on a display, the difference between a charging start time of
the first pixel row I1 and the last pixel row 112 may be
decreased to about /4 in comparison with a conventional art.
[0147] Moreover, the preliminary frame charging step P1
and the main frame charging step M1 may be about a quarter
of astandard time (t/4) ofthe liquid crystal cell, and the frame
maintaining step S1 may be about a half of a standard time
(#/2) of the liquid crystal cell. Thus, a sum of the preliminary
frame charging step P1, the main frame charging step M1 and
the frame maintaining step S1 may be substantially equal to
the standard charging time ‘t’ of corresponding liquid crystal
cell. As described above, since a difference between start
times or ending time of each step of the first pixel row 11 and
the last pixel row 112 within one frame is a quarter of a
standard charging time ‘t” (t/4) of a liquid crystal cell, a delay
time between each pixel rows is reduced. Thus, a backlight
unit may be simultaneously turned on while maintaining a
sufficient luminance to the display.

[0148] In a method of driving a display device in accor-
dance with the present exemplary embodiment, the backlight
may be turned on during the frame maintaining step S1 of the
first pixel row I1.

[0149] Referring again to FIG. 7, since a frequency of a
liquid crystal display panel is low, the liquid crystal display
panel may have a relatively lower resolution. Since a liquid
crystal display device according to FIG. 7 uses a liquid crystal
display panel of a low frequency, the liquid crystal display
device according to FIG. 7 displays an image of a limited
resolution. Moreover, since the liquid crystal display device
must be turned on during an effective charging state of liquid
crystals in the display, a backlight unit cannot be driven
simultaneously.

[0150] On the other hand, since a display device in the
present exemplary embodiment of F1G. 15, pixel groups have
four pixel rows, respectively, and the frame maintaining step
S1 is a half of a standard charging time ‘t’ of liquid crystal
cells, the backlight unit may be turned on for a sufficient
interval. Moreover, a difference between a charging and a
maintaining start time of the first pixel row I1 and a charging
and a maintaining start time of the last pixel row 112 is a
quarter of a standard charging time (t4) of liquid crystal cells,
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so that an image may be displayed on a display device without
using a sequentially driving of backlight unit to while main-
taining a sufficient luminance of the display.

[0151] Although not shown in drawings, a driving method
of a display device according to exemplary embodiments of
the present invention may include a preliminary frame charg-
ing step and a main frame charging step.

[0152] In the preliminary frame charging step, voltages of
liquid crystal cells in a pixel group including n pixel rows are
charged as a pixel data of one pixel row of the pixel group. In
the main frame charging step, liquid crystal cells of a pixel
row charged with pixel data of the pixel row maintain the
pixel data, and liquid crystal cells of other pixel row which are
not charged with pixel data of the other pixel rows are charged
with pixel data of the other pixel row. The preliminary frame
charging step is a step which simultaneously charges pixels of
plural pixel rows within the pixel group with data of one of a
pixel row in the pixel group. The main frame charging step is
astep which charges pixel rows in the pixel group with data of
the pixel rows. The main frame charging step is repeated until
all pixel rows have its own pixel data.

[0153] The main frame charging step may be varied in
accordance with the number of pixel rows (n) in a pixel group
(wherein n is natural numbers greater than 2). For example,
the main frame charging step may be repeated (n—1) times per
one frame. Each of the preliminary frame charging step and
the main frame charging step may be progressed during a time
shorter than 1/n of a standard charging time (t) of the liquid
crystal cells. The reason that each of the preliminary frame
charging step and the main frame charging step is progressed
during a time shorter than 1/n of a standard charging time (t)
of the liquid crystal cells is that the driving method may
further include a frame maintaining step.

[0154] A driving method of a display device according to
exemplary embodiments of the present invention may further
include a frame maintaining step S1 which maintains a volt-
age of liquid crystal cells of all pixel rows. The frame main-
taining step S1 is a step that liquid crystal cells corresponding
to each pixel row have an effective charging status. As a time
of the frame maintaining step S1 becomes longer, an interval
capable of receiving light from a backlight unit becomes
longer. Therefore, total luminance of a display device may be
increased. The total time of the preliminary frame charging
step, the main frame charging step and the frame maintaining
step may be substantially equal to the standard charging time
of the liquid crystal cells.

[0155] FIG. 16 is a concept diagram schematically showing
a driving method of a display device according to another
exemplary embodiment of the present invention.

[0156] Referring to FIG. 16, a driving method of a display
device includes frame charge-maintaining steps M1' and M2'
and a frame maintaining step S1. In FIG. 16, for convenience
of description, it is assumed that display device has twelve
pixel rows.

[0157] Inthe frame charge-maintaining steps M1' and M2/,
liquid crystal cells corresponding to one pixel row selected
from a pixel group including n pixel rows are charged with
corresponding pixel data of the row, and liquid crystal cells
corresponding to another pixel rows maintain a voltage of a
previous frame. It is assumed that the frame charge-maintain-
ing steps include a first frame charge-maintaining step M1'
and a second frame charge-maintaining step M2'. In the first
frame charge-maintaining step M1', liquid crystal cells cor-
responding to a first pixel row I1 is charged with a corre-
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sponding pixel data of the row, and liquid crystal cells corre-
sponding to a second pixel row 12 maintain a charged voltages
of a previous frame. Similarly, the third, the fifth, the seventh,
the ninth and the eleventh pixel rows 13, 15, 17, 19 and 111
charge corresponding pixel data of the row, respectively, and
the fourth, the sixth, the eighth, the tenth and the twelfth pixel
rows 14,16, I8, 110 and 112 maintain each charged voltage of
the previous frame.

[0158] Inthe second frame maintaining-charging step M2/,
the first, the third, the fifth, the seventh, the ninth and the
eleventh pixel rows 13, 15, 17, 19 and 111 maintain a charged
voltage, and the second, the fourth, the sixth, the eighth, the
tenth and the twelfth pixel rows 12, 14, 16, I8, 110 and 112 are
charged with voltages corresponding to each pixel data of the
row of the present frame.

[0159] In the frame maintaining step S1, a voltage charged
into liquid crystal cells of all pixel rows I1,12,13, ..., 110,111
and 112 is maintained. The frame charge-maintaining steps
M1"and M2' are progressed during a half of a standard charg-
ing time (t/2) of the liquid crystal cells, respectively. The
frame maintaining step S1 is progressed during a standard
charging time (t) of the liquid crystal cells. In the frame
charge-maintaining steps M1' and M2', a difference between
a charging start time of'the first pixel row and a charging start
time of the last pixel row may be a half of a standard charging
time (1/2) of the liquid crystal cells.

[0160] The present exemplary embodiment is substantially
identical to the exemplary embodiment of FIG. 10 except for
atleast the frame charge-maintaining step M1' and M2'. In the
present exemplary embodiment, all liquid crystal cells main-
tain a charged state corresponding to the image of the present
frame during the frame maintaining step S1. A period having
a charged state may be extended in comparison with other
exemplary embodiment. Thus, the backlight can be turned on
simultaneously while maintaining a sufficient luminance of
the display.

[0161] Moreover, according to the present exemplary
embodiment, since all pixel rows are not simultaneously
charged, a difference between a charging start time of an
even-numbered pixel row and a charging start time of an odd
numbered pixel row is not generated in a process that it go
through frame by frame at the same pixel row.

[0162] FIG.171isaconcept diagram schematically showing
a driving method of a display device according to another
exemplary embodiment of the present invention.

[0163] The exemplary embodiment of FIG. 17 is substan-
tially the same as the exemplary embodiment of FIG. 16
except that one pixel group includes three pixel rows. Thus,
any repetitive detailed description may hereinafter be omit-
ted.

[0164] Referring to FIG. 17, in the frame charge-maintain-
ing steps M1', M2'and M3', liquid crystal cells corresponding
to one pixel row selected from a pixel group including three
pixel rows is charged with corresponding pixel data, and
liquid crystal cells corresponding to the other pixel rows
maintain data of the previous frame. It is assumed that the
frame charge-maintaining steps include a first frame charge-
maintaining step M1', a second frame charge-maintaining
step M2' and a third frame charge-maintaining step M3". In
the first frame charge-maintaining step M1', liquid crystal
cells corresponding to a first pixel row 11 is charged with a
corresponding pixel data of the present frame, and liquid
crystal cells corresponding to the second and third pixel rows
12 and I3 maintain a charged pixel data of a previous frame.
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Similarly, the fourth, seventh and tenth pixel rows 14, 17 and
110 is charged with corresponding pixel data of the present
frame, respectively, and the fifth, sixth, eighth, ninth, eleventh
and twelfth pixel rows 15, 16, I8, 19, 111 and I12 maintain
charged pixel data of the previous frame, respectively.
[0165] In the second frame charge-maintaining step M2/,
the first, the fourth, the seventh and the tenth pixel rows 11, 14,
17 and 110 which are charged with pixel data during the first
frame charge-maintaining step M1' and the third, the sixth,
the ninth and the eleventh pixel rows 13, 16, 19 and 112 which
are charged with pixel data of a previous frame maintain a
charged pixel data, and the second, the fifth, the eighth and the
eleventh pixel rows 12, 15, I8 and 111 are charged with pixel
data corresponding to each pixel data of the present frame.
[0166] In the third frame charge-maintaining step M3', the
second, the fifth, the eighth and the eleventh pixel rows 12, I5,
18 and 111 and the first, the fourth, the seventh and the tenth
pixel rows I1, 14, 17 and 110 maintain pixel data, and the third,
the sixth, the ninth and the twelfth pixel rows 13,16, 19 and 112
are charged with pixel data corresponding to each pixel data
of the present frame.

[0167] Inthe frame maintaining step S1, pixel data charged
into liquid crystal cells of all pixel rows 11,12, 13, . .., 111 and
112 is maintained. The frame charge-maintaining steps M1',
M2' and M3' are progressed during a quarter of a standard
charging time (t/4) of the liquid crystal cells, respectively, and
the frame maintaining step S1 is progressed during a quarter
of the standard charging time (T/4) of the liquid crystal cells.
In the frame charge-maintaining steps M, M2' and M3, a
difference between a charging start time of the first pixel row
and a charging start time of the last pixel row may be a quarter
of the standard charging time (t/4) of the liquid crystal cells.
[0168] The present exemplary embodiment is substantially
identical to the exemplary embodiment of FIG. 12 except for
at least the frame charge-maintaining step M1', M2' and M3'.
In the present exemplary embodiment, all liquid crystal cells
maintain a charged state corresponding to the image during
the frame maintaining step S1. A period having a charged
state may be extended in comparison with other exemplary
embodiment. Thus, the backlight can be turned on simulta-
neously while maintaining a sufficient luminance of the dis-
play.

[0169] Moreover, inthe exemplary embodiment of FIG. 12,
all pixel rows are charged at the first preliminary frame charg-
ing step of one frame. However, in the present exemplary
embodiment, since a portion of pixel rows is charged and the
remaining of pixel rows maintain pixel data of the previous
frame, a corresponding pixel data is sequentially charged into
each of the pixel rows.

[0170] FIG. 18 is a concept diagram schematically showing
a driving method of a display device according to another
exemplary embodiment of the present invention.

[0171] Referring to FIG. 18, a driving method of a display
device includes frame black-charge-maintaining steps PB1
and BM1, a frame maintaining step S1 and a black image step
B1.

[0172] The frame black-charge-maintaining steps PB1 and
BMI1 may include a first black-charge-maintaining step PR1
and a second black-charge-maintaining step BM1. In the first
black-charge-maintaining step PB1, pixel data corresponding
to one pixel row is charged into the pixel row of a pixel group,
for example, first, third, fifth, seventh, ninth and eleventh
pixel rows I1,13, 15, 17,19 and 11, and a voltage correspond-
ing to a black image is charged into the other pixel rows of the
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pixel group, for example, second, fourth, sixth, eighth, tenth
and twelfth pixel rows 12, 14, 16, I8, 110 and I12.

[0173] In the second black-charge-maintaining step BM1,
a pixel row charged in the first black-charge-maintaining step
PB1 maintains a charged pixel data, and a pixel row charged
with a black image is charged with a pixel data of the present
frame corresponding to each pixel row. That is, the first, the
third, the fifth, the seventh, the ninth and the eleventh pixel
rows I1,13, 15, 17,19 and 111 maintain a charged voltage, and
the second, the fourth, the sixth, the eighth, the tenth and the
twelfth pixel rows 12, 14, 16, 18, 110 and [12 are charged with
a pixel data of the present frame corresponding to each pixel
TOw.

[0174] In the frame maintaining step S1, a voltage charged
into liquid crystal cells of all pixel rows I1,12,13, ..., 110,111
and [12 is maintained. Further, in the black image step B1, a
voltage corresponding to a black image is charged into liquid
crystal cells of all pixel rows I1, 12,13, ..., 110,111 and 112.
The frame black-charge-maintaining steps PB1 and BM1 are
progressed during a quarter of a standard charging time (t/4)
of each of the liquid crystal cell, and the frame maintaining
step S1 is progressed during a quarter of a standard charging
time (t/4) of each of the liquid crystal cell. In the frame
black-charge-maintaining steps PB1 and BM1, a difference
between a charging start time of the first pixel row and a
charging start time of the last pixel row may be a quarter of a
standard charging time (t/4) of the liquid crystal cells.
[0175] FIG.19isaconcept diagram schematically showing
a driving method of a display device according to another
exemplary embodiment of the present invention.

[0176] The exemplary embodiment of FIG. 19 is substan-
tially the same as the exemplary embodiment of FIG. 18
except that one pixel group includes three pixel rows. Thus,
any repetitive detailed description may hereinafter be omit-
ted.

[0177] Referring to FIG. 19, a driving method of a display
device includes black-charge-maintaining steps PB1, PB2
and PB3 and a black image step B1. In the black-charge-
maintaining steps PB1, PB2 and PB3, liquid crystal cells of
one pixel row selected from a pixel group including n pixel
rows are charged with corresponding pixel data of the present
frame, and liquid crystal cells in the other pixel rows are
charged with pixel data corresponding to a black image. In the
present exemplary embodiment, one pixel group includes
three pixel rows.

[0178] For example, the black-charge-maintaining steps
may include a first black-charge-maintaining step PB1, a
second black-charge-maintaining step PB2 and a third black-
charge-maintaining step PB3. In the first black-charge-main-
taining step PB1, liquid crystal cells of one pixel, that is, first,
fourth, seventh and tenth pixel rows I1, 14, 17 and 110 are
charged with pixel data of the present frame, liquid crystal
cells of the other pixel rows, that is, second, third, fifth, sixth,
eighth, ninth, eleventh and twelfth pixel rows 12, 13, 15, 16, 18,
19, 111 and [12 are charged with a pixel data corresponding to
a black image.

[0179] Inthe second black-charge-maintaining step PB2,a
pixel row charged with a voltage of the present frame in the
first black-charge-maintaining step PB1 maintains the
charged voltage, and one of pixel rows charged with a black
image is charged with a pixel data of the present frame cor-
responding to each pixel row. Liquid crystal cells charged
with a voltage corresponding to a black image in the first
black-charge-maintaining step PB1 are charged with a volt-
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age corresponding to the black image again, or maintain the
charged voltage. That is, the first, fourth, seventh and tenth
pixel rows 11, 14, 17 and 110 may maintain the charged volt-
age, the second, fifth, eighth and eleventh pixel rows 12, 15, I8
and I11 may charge pixel data corresponding to pixel row, and
the third, sixth, ninth and twelfth pixel rows 13, 16, 19 and 112
may be charged with pixel data corresponding to a black
image or maintain a charged state of the black image.
[0180] Inthe black image step B1, a voltage corresponding
to ablack image is charged into liquid crystal cells of all pixel
rows I1,12,13, ..., 110,111 and 112. The frame black-charge-
maintaining steps PB1, PB2 and PB3 are progressed during a
quarter of a standard charging time (t/4) of each of the liquid
crystal cell, and the black image step B1 is progressed during
aquarter of a standard charging time (t/4) of each of the liquid
crystal cell. In the frame black-charge-maintaining steps
PB1, PB2 and PB3, a difference between a charging start time
of the first pixel row and a charging start time of the last pixel
row may be a quarter of a standard charging time (t/4) of the
liquid crystal cells.

[0181] Exemplary embodiments of the present invention of
FIGS. 18 and 19 further include a black image step. Pixel data
of the black image are charged in the pixels prior to and after
charging pixel data of the present frame. The black image
may be inserted between images of each frame so that the
quality of images may be improved.

[0182] FIG. 20 is a concept diagram schematically showing
a driving method of a display device according to another
exemplary embodiment of the present invention.

[0183] Referring to FIG. 20, a driving method of a display
device includes a preliminary frame charging step P1, main
frame charging steps M1 and M2 and a black image step Bv1.
In FIG. 20, for convenience of description, it is assumed that
display device has twelve pixel rows. In the present exem-
plary embodiment, display device may have more than one
thousand pixel rows. In order to realize a high quality image
display, display device may include pixel rows more than one
thousand pixel rows.

[0184] Particularly, a driving method of a display device in
accordance with the present exemplary embodiment of FIG.
20 is substantially the same as the driving method of a display
device in accordance with the exemplary embodiment of FIG.
10 except that it includes the black image step Bv1. Thus, any
repetitive detailed description may hereinafter be omitted.
[0185] Inthe first preliminary frame charging step P1, pixel
data corresponding to a (2N-1)-th pixel row are simulta-
neously charged into liquid crystal cells corresponding to the
(2N-1)-th pixel row and the (2N)-th pixel row. A pixel data
corresponding to the first pixel row I1 is simultaneously
charged into liquid crystal cells corresponding to a first pixel
row I1 and a second pixel row 12, and pixel data correspond-
ing to the third pixel row I3 is simultaneously charged into
liquid crystal cells corresponding to a third pixel row 13 and a
fourth pixel row 14. Similarly, fifth and sixth pixel rows I5 and
16 are charged with data corresponding to a fifth pixel row,
and seventh and eighth pixel rows 17 and I8 are charged with
data corresponding to a seventh pixel row. Further, ninth and
tenth pixel rows 19 and 110 are charged with data correspond-
ing to a ninth pixel row, and eleventh and twelfth pixel rows
111 and 12 are charged with data corresponding to an elev-
enth pixel row 112.

[0186] In the main frame charging step M1, a voltage of
liquid crystal cells corresponding to the (2N-1)-th pixel row
is maintained, and a pixel data corresponding to the (2N)-th
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pixel row is charged into liquid crystal cells corresponding to
the (2N)-th pixel row. In the main frame charging step M1, a
charging status of liquid crystal cells of the rows 11, 13, 15, 17,
19 and 111 is maintained. In the main frame charging step M1,
liquid crystal cells corresponding to the second pixel row 12 is
charged with data corresponding to the second pixel row 12,
and liquid crystal cells corresponding to the fourth pixel row
14, the sixth row 16, the eighth pixel row I8, the tenth pixel row
110 and the twelfth pixel row [12 are charged with data cor-
responding to a data lines, respectively.

[0187] In the black image step Bvl, a voltage correspond-
ing to a black image is charged into liquid crystal cells of all
pixel rows 11,12, 13, .. .,110, 111 and I12. In the black image
step Bvl, a duration of the first pixel row and a duration of the
last pixel row on a display device may be set different from
each other. For example, the black image step Bv1 of the first
pixel row may be below an average duration, and the black
image step Bv12 of the last pixel row may be over the average
duration. Further, a duration of the black image step Bvl may
be set to have the maximum duration at the last pixel row by
being gradually increased from the first pixel row.

[0188] Referring to FIG. 20, a duration of the black image
step Bv1 at the first pixel row is gradually increased, so that a
continue time of the black image step Bv12 is the maximum
at the last pixel row.

[0189] FIG.211isaconcept diagram schematically showing
a driving method of a display device according to another
exemplary embodiment of the present invention.

[0190] Referring to FIG. 21, a driving method of a display
device includes a preliminary frame charging step P1, a main
frame charging step M1, a frame maintaining step S1 and a
black image step Bv1. In FIG. 21, for convenience of descrip-
tion, it is assumed that display device has twelve pixel rows.
In the present exemplary embodiment, display device may
have more than one thousand pixel rows. In order to realize a
high quality image display, display device may include pixel
rows more than one thousand pixel rows.

[0191] Particularly, a driving method of a display device in
accordance with the present exemplary embodiment of FIG.
21 is substantially the same as the driving method of a display
device in accordance with the exemplary embodiment of FIG.
20 except that a second frame charge-maintaining step M2 is
replaced with a frame maintaining step S1. Thus, any repeti-
tive detailed description may hereinafter be omitted.

[0192] Inthe first preliminary frame charging step P1, pixel
data corresponding to a (2N-1)-th pixel row are simulta-
neously charged into liquid crystal cells corresponding to the
(2N-1)-th pixel row and the (2N)-th pixel row. A pixel data
corresponding to the first pixel row I1 is simultaneously
charged into liquid crystal cells corresponding to a first pixel
row I1 and a second pixel row 12, and pixel data correspond-
ing to the third pixel row I3 is simultaneously charged into
liquid crystal cells corresponding to a third pixel row 13 and a
fourth pixel row 14. Similarly, fifth and sixth pixel rows I5 and
16 are charged with data corresponding to a fifth pixel row,
and seventh and eighth pixel rows 17 and I8 are charged with
data corresponding to a seventh pixel row. Further, ninth and
tenth pixel rows 19 and [10 are charged with data correspond-
ing to a ninth pixel row, and eleventh and twelfth pixel rows
111 and 112 are charged with data corresponding to an elev-
enth pixel row I12.

[0193] In the main frame charging step M1, a voltage of
liquid crystal cells corresponding to the (2N-1)-th pixel row
is maintained, and a pixel data corresponding to the (2N)-th
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pixel row is charged into liquid crystal cells corresponding to
the (2N)-th pixel row. In the main frame charging step M1, a
charging status of liquid crystal cells of the rows 11, 13,15, 17,
19 and 111 is maintained. In the main frame charging step M1,
liquid crystal cells corresponding to the second pixel row 12 is
charged with data corresponding to the second pixel row 12,
and liquid crystal cells corresponding to the fourth pixel row
14, the sixth row 16, the eighth pixel row I8, the tenth pixel row
110 and the twelfth pixel row 112 are charged with data cor-
responding to a data lines, respectively.
[0194] Inthe frame maintaining step S1, a voltage charged
into liquid crystal cells of all pixel rows I1, 12,13, ... , 110,111
and 112 is maintained. A duration of the frame maintaining
step S1 may be set to have the minimum duration at the last
pixel row by being gradually decreased from the first pixel
rOw.
[0195] In the black image step Bvl, a voltage correspond-
ing to a black image is charged into liquid crystal cells of all
pixel rows I1,12,13, ..., 110, 111 and I12. In the black image
step Bvl, a duration of the first pixel row and a duration of the
last pixel row on a display to device may be set different from
each other. For example, the black image step Bv1 of the first
pixel row may be below an average duration, and the black
image step Bv12 of the last pixel row may be over the average
duration. Further, a duration of the black image step Bvl may
be set to have the maximum duration at the last pixel row by
being gradually increased from the first pixel row.
[0196] Referring to FIG. 21, a duration of the black image
step Bv1 at the first pixel row is gradually increased, so thata
continue time of the black image step Bv12 is the maximum
at the last pixel row.
[0197] As described above, according to the exemplary
embodiments of the present invention, at least two pixel rows
are simultaneously charged to decrease a delay time of pixel
row to a half or a quarter of a standard charging time of liquid
crystals, so that a 3D image may be displayed without
decreasing of a vertical resolution.
[0198] Moreover, an effective charging interval that a
charging of the liquid crystal cells is completed in each frame
is longer than a conventional art, so that a backlight turn on
time may become longer. Thus, a total luminance of a display
device may be enhanced.
[0199] Moreover, an effective charging interval that a
charging of the liquid crystal cells is completed in each frame
becomes longer, so that a backlight may be turned on simul-
taneously while maintaining sufficient luminance of the dis-
play which reduce a manufacturing cost remarkably.
[0200] Having described exemplary embodiments of the
present invention, it is further noted that it is readily apparent
to those of reasonable skill in the art that various modifica-
tions may be made without departing from the spirit and
scope of the invention which is defined by the metes and
bounds of the appended claims.
What is claimed is:
1. A method of driving a display device, the method com-
prising:
a preliminary frame charging step of simultaneously
charging liquid crystal cells in a pixel line group having
a selected pixel row and a unselected pixel row with
pixel data of the selected pixel row of the pixel line
group; and
amain frame charging step of charging liquid crystal cells
in the unselected pixel line group with pixel data of the
unselected pixel line group.
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2. The method of claim 1, wherein the pixel line group has
n pixel lines and the main frame charging step is repeated
(n-1) limes during one frame, wherein n is natural numbers
greater than 2.

3. The method of claim 2, wherein the preliminary frame
charging step and the main frame charging step are performed
during a time shorter than 1/n of a standard charging time of
the liquid crystal cells.

4. The method of claim 1, in the preliminary frame charg-
ing step and the main frame charging step, wherein a differ-
ence between a charging start time of the first pixel line and a
charging start time of the last pixel line is a half of a standard
charging time of the liquid crystal cells.

5. The method of claim 1, wherein a backlight is turned on
during the main frame charging step.

6. The method of claim 1, wherein the preliminary frame
charging step and the main frame charging step are performed
for a standard charging time of the liquid crystal cells.

7. The method of claim 6, wherein, when a backlight unit is
sequentially driven corresponding to pixel rows, the backlight
unit is turned on after a half of a standard charging time of the
liquid crystal cell is elapsed from a beginning of the prelimi-
nary frame charging step and is turned off before an ending of
the main frame charging step.

8. The method of claim 6, wherein, when the backlight unit
is simultaneously turned on, the backlight unit is turned on
after beginning of a preliminary frame charging step of the
first pixel line and before ending of a main frame maintaining
step of the first pixel line.

9. The method of claim 1, wherein the preliminary frame
charging step and the main frame charging step are performed
for a half of a standard charging time of the liquid crystal
cells.

10. The method of claim 9, wherein when a backlight unit
is sequentially driven corresponding to pixel rows, the back-
light unit is turned on after a beginning of the main charging
step and is turned off before an ending of the main frame
charging step.

11. The method of claim 9, further comprising:

aframe maintaining step of maintaining pixel data ofliquid

crystal cells of all pixel rows.

12. The method of claim 11, wherein the frame maintaining
step is performed for the standard charging time of the liquid
crystal cells.

13. The method of claim 12, wherein when the backlight
unit is turned on simultaneously, the backlight unit is turned
on after an ending a main frame charging step of the last pixel
line and before an ending of a frame maintaining step of the
first pixel line.

14. The method of claim 11, further comprising:

a black image step of charging a voltage corresponding to

a black image into liquid crystal cells of all pixel rows.

15. The method of claim 14, wherein the frame maintaining
step and the black image step are performed for a half of the
standard charging time of each liquid crystal cells.

16. The method of claim 14, wherein the duration of the
black image step is set to have a maximum duration at the last
pixel line by being gradually increased from the first pixel
row.

17. The method of claim 1, further comprising:

a reversion preliminary frame charging step of simulta-

neously charging a pixel data of the unselected pixel row
to the liquid crystal cells of the selected pixel row and the
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unselected row in the preliminary frame charging step,
after the preliminary charging step and the main frame
charging step; and

a reversion main frame charging step of maintaining a
voltage of liquid crystal cells of the unselected pixel row
in the previous frame charge step and simultaneously
charging a pixel data of a selected pixel row in the
previous frame charge step with a present frame pixel
data.

18. The method of claim 1,

wherein images of the preliminary frame charge step, the
main frame charge step, the reversion preliminary frame
charge step and the reversion main frame charge step are
right-eye images, and the method further comprises:

a preliminary frame charging step of simultaneously
charging the liquid crystal cells in the pixel line group
having the selected pixel row and the unselected pixel
row with left-eye pixel data of the selected pixel row of
the pixel line group; and

a main frame charging step of charging the liquid crystal
cells in the unselected pixel line group with left-eye
pixel data of the unselected pixel line group.

19. The method of claim 17, wherein left-eye images and
right-eye images are alternatingly displayed on a display
device.

20. The method of claim 1, further comprising;

a frame maintaining step of maintaining a voltage of liquid

crystal cells of all pixel rows.

21. The method of claim 20, wherein the total time of the
preliminary frame charging step, the main frame charging
step and the frame maintaining step is substantially equalto a
standard charging time of the liquid crystal cells.

22. The method of claim 20, wherein the preliminary frame
charging step comprises:

a first preliminary frame charging step of simultaneously
charging a pixel data of a first representative pixel line
among a (3N-2)-th pixel line, a (3N-1)-th pixel line and
a 3N-th pixel line into liquid crystal cells corresponding
to the (3N-2)-th pixel line, the (3N-1)-th pixel line and
the 3N-th pixel line, respectively; and

a second preliminary frame charging step of maintaining a
voltage of liquid crystal cells corresponding to the first
representative pixel line, of selecting a second represen-
tative line of pixel lines except the first representative
pixel line from the (3N-2)-th pixel line, the (3N-1)-th
pixel line and the 3N-th pixel line, and of simultaneously
charging a pixel data of the second representative pixel
line into liquid crystal cells corresponding to remaining
two pixel lines

23. The method of claim 22, in the first and second pre-
liminary frame charging steps, the main frame charging step
and the frame maintaining step, wherein the a difference
between a charging start time of the first pixel line and a
charging start time of the last pixel line or a difference
between a maintaining start time of the first pixel line and a
maintaining start time of the last pixel line is a quarter of the
standard charging time of the liquid crystal cells.

24, The method of claim 22, wherein the first and the
second preliminary frame charging steps, the main frame
charging step and the frame maintaining step are performed
for a quarter of the standard charging time of the liquid crystal
cells.

25. The method of claim 22, wherein the first and the
second preliminary frame charging steps, the main frame
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charging step and the frame maintaining step are performed
for equal to or more than about 4 of the standard charging
time of the liquid crystal cells.

26. The method of claim 20, in the preliminary frame
charging step, the main frame charging step and the frame
maintaining step, wherein the a difference between a charg-
ing start time of the first pixel line and a charging start time of
the last pixel line or a difference between a maintaining start
time of the first pixel line and a maintaining start time of the
last pixel line is a quarter of the standard charging time of the
liquid crystal cells.

27. The method of claim 26, wherein the preliminary frame
charging step and the main frame charging step are performed
during a quarter of the standard charging time of the liquid
crystal cells, and

the frame maintaining step is performed during a half of the

standard charging time of the liquid crystal cells.

28. A method of driving a display device, the method
comptrising:

a preliminary frame charging step of simultaneously

charging liquid crystal cells in a pixel line group having
a selected pixel row and a unselected pixel row with
pixel data of the selected pixel row of the pixel line
group;

amain frame charging step of charging liquid crystal cells

in the unselected pixel line group with pixel data of the
unselected pixel line group;
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a frame maintaining step of maintaining pixel data ofliquid

crystal cells of all pixel rows; and
a black image step of charging a voltage corresponding to
a black image into liquid crystal cells of all pixel rows,

wherein the preliminary frame charging step and the main
frame charging step are performed for a half of a stan-
dard charging time of the liquid crystal cells, and

in the black image step, a duration of the black image step

corresponding to a first pixel line on a display device is
shorter than that of the black image step corresponding
to the last pixel line on the display device.

29. A method of driving a display device, the method
comprising:

a frame charge-maintaining step of charging a correspond-

ing pixel data into one pixel line selected from a pixel
line group including n pixel lines, and of maintaining a
voltage of liquid crystal cells of another pixel line; and

a frame maintaining step of maintaining a voltage of liquid

crystal cells of all pixel lines.

30. The method of claim 29, wherein the frame charge-
maintaining step is repeated in n times per one frame.

31. The method of claim 29, wherein the frame charge-
maintaining step, wherein a voltage of charged liquid crystal
cells among liquid crystal cells of another pixel line is main-
taining and a voltage corresponding to a black image is
charged into not charged liquid crystal cells among liquid
crystal cells of another pixel line.
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