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METHOD FOR DRIVING LIQUID CRYSTAL
DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to methods for driving
liquid crystal display devices. In particular, the present inven-
tion relates to methods for driving field-sequential liquid
crystal display devices.

[0003] 2. Description of the Related Art

[0004] As display methods of liquid crystal display
devices, a color filter method and a field sequential method
are known. In such a color-filter liquid crystal display device,
a plurality of subpixels which have color filters for transmit-
ting only light with wavelengths of given colors (e.g., red (R),
green (G), and blue (B)) are provided in each pixel. A desired
coloris expressed by control of transmission of white light in
each subpixel and mixture of a plurality of colors in each
pixel. In contrast, in such a field-sequential liquid crystal
display device, a plurality of light sources that emit light of
different colors (e.g., red (R), green (G), and blue (B)) are
provided. A desired color is expressed by repeatedly blinking
each of the plurality of light sources and controlling trans-
mission of light of each color in each pixel. In other words, a
color filter method is a method in which a desired color is
expressed by division of the area of one pixel among given
colors, and a field sequential method is a method in which a
desired color is expressed by division of a display period
among given colors.

[0005] The field-sequential liquid crystal display device
has the following advantages over the color-filter liquid crys-
tal display device. First, in the field-sequential liquid crystal
display device, it is not necessary to provide subpixels in each
pixel. Thus, the aperture ratio can be improved or the number
of pixels can be increased. Further, in the field-sequential
liquid crystal display device, it is not necessary to provide
color filters. That is, light loss caused by light absorption in
the color filters does not occur. Therefore, transmittance can
be improved and power consumption can be reduced.

[0006] Patent Document 1 discloses a display method of a
liquid crystal display device which performs display by a field
sequential method. Specifically, a color display method of a
liquid crystal display device is disclosed in which red (R)
light, green (G) light, and blue (B) light are sequentially
emitted and then, black display is performed.

[Reference]
[Patent Document]

[Patent Document 1] Japanese Published Patent Application
No. 2007-264211

SUMMARY OF THE INVENTION

[0007] Inafield-sequential liquid crystal display device, it
is necessary to increase the frequency of input of an image
signal to each pixel. For example, in the case where images
are displayed by a field sequential method in a liquid crystal
display device including three light sources, which emit light
of respective colors of red (R), green (G), and blue (B), the
frequency of input of an image signal to each pixel needs to be
atleast three times as high as that ofa color-filter liquid crystal
display device. Specifically, in the case where the frame fre-
quency is 60 Hz, an image signal needs to be input to each
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pixel 60 times per second in the color-filter liquid crystal
display device; whereas an image signal needs to be input to
each pixel 180 times per second in the case where images are
displayed by a field sequential method in the liquid crystal
display device including the three light sources.

[0008] Note that, foran increase in the frequency of input of
image signals, an element provided in each pixel needs to
have high response speed. Specifically, a transistor provided
in each pixel needs to have higher mobility, for example.
However, it is not easy to improve the characteristics of the
elements.

[0009] Ttis possible to display images by a field sequential
method in a conventional liquid crystal display device in
which the frame frequency is low. However, display deterio-
ration such as color break becomes obvious in that case,
which is a problem.

[0010] Inview of the above, one object of one embodiment
of the present invention is to improve image quality of a
field-sequential liquid crystal display device by improving
the frequency of input of image signals by a method not
limited by element characteristics.

[0011] The object can be achieved by concurrent supply of
image signals to pixels provided in a plurality of rows among
pixels arranged in matrix in a pixel portion of a liquid crystal
display device.

[0012] That is, one embodiment of the present invention is
a method for driving a liquid crystal display device config-
ured to produce an image in a pixel portion by repeatedly
blinking each of a plurality of light sources emitting light of
different colors and controlling transmission of the light of
each color in each of a plurality of pixels provided in m rows
and n columns (m and n are natural numbers that are 4 or
more). In the driving method, in a first sampling period,
supply of an image signal for controlling transmission of light
of a given color for respective n pixels provided in the first to
k-th rows and supply of an image signal for controlling trans-
mission of the light of the given color for respective n pixels
provided in the (k+1)th to 2k-th rows are concurrently per-
formed; in a second sampling period subsequent to the first
sampling period, light of the given color is emitted to the pixel
portion by lighting at least one of the plurality oflight sources
emitting the light of the different colors, and transmission of
the light of the given color is controlled in each of the respec-
tive n pixels provided in the first to 2k-th rows.

[0013] Inthe liquid crystal display device according to one
embodiment of the present invention, image signals can be
concurrently supplied to pixels provided in a plurality of rows
among pixels arranged in matrix. Thus, without being limited
by the characteristics such as mobility of a transistor included
in the liquid crystal display device, the frequency of input of
an image signal to each pixel can be increased. As a result, in
the liquid crystal display device, display deterioration such as
color break which is caused in a field-sequential liquid crystal
display device can be suppressed and image quality can be
improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Inthe accompanying drawings:

[0015] FIG. 1A illustrates a structure example of a liquid
crystal display device, and FIGS. 1B to 1D illustrate structure
examples of pixels;

[0016] FIG.2A illustrates a structure example ofa scan line
driver circuit, and FIG. 2B illustrates an example of operation
of a scan line driver circuit;
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[0017] FIG. 3A illustrates a structure example of a signal
line driver circuit, and FIG. 3B illustrates an example of
operation of a signal line driver circuit;

[0018] FIG. 4 illustrates a structure example of a backlight;
[0019] FIG. 5 illustrates an operation example of a liquid
crystal display device;

[0020] FIGS. 6A and 6B illustrate operation examples of
liquid crystal display devices;

[0021] FIGS. 7A and 7B illustrate operation examples of
liquid crystal display devices;

[0022] FIG.8Aillustrates an example of operation of a scan
line driver circuit, and FIG. 8B illustrates an example of
operation of a signal line driver circuit;

[0023] FIG. 9 illustrates an operation example of a liquid
crystal display device; and

[0024] FIGS. 10A to 10F illustrate examples of electronic
devices.

DETAILED DESCRIPTION OF THE INVENTION

[0025] Embodiments of the present invention will be
described below in detail with reference to the drawings. Note
that the present invention is not limited to the following
description. It will be readily appreciated by those skilled in
the art that modes and details of the present invention can be
changed in various ways without departing from the spirit and
scope of the present invention. Therefore, the present inven-
tion should not be construed as being limited to the following
description of the embodiments.

[0026] First, a liquid crystal display device according to
one embodiment of the present invention is described with
reference to FIGS. 1A to 1D, FIGS. 2A and 2B, FIGS. 3A and
3B, F1G. 4, and FIG. 5.

<Structure Example of Liquid Crystal Display Device>

[0027] FIG. 1A illustrates a structure example of a liquid
crystal display device. The liquid crystal display device illus-
trated in F1G. 1A includes a pixel portion 10; a scan line driver
circuit 11; a signal line driver circuit 12; m (m is a natural
number that is 3 or more) scan lines 13 which are arranged
parallel or almost parallel to each other and whose potentials
are controlled by the scan line driver circuit 11, n (n is a
natural number that is 2 or more) signal lines 141, n signal
lines 142, and n signal lines 143 which are arranged parallel
or almost parallel to each other and whose potentials are
controlled by the signal line driver circuit 12.

[0028] The pixel portion 10 is divided into three regions
(regions 101 to 103) and includes a plurality of pixels which
are arranged in matrix in each region. Note that the region 101
is a region including the scan lines 13 which are provided in
the first to k-th (k is a natural number that is less than m/2)
rows; the region 102 is a region including the scan lines 13
which are provided in the (k+1)th to 2k-th rows; and the
region 103 is a region including the scan lines 13 which are
provided in the (2k+1)th to m-th rows. Note that the scan line
13 is electrically connected to n pixels provided in a corre-
sponding row among the plurality of pixels arranged in matrix
(m rows by n columns) in the pixel portion 10. In addition, the
signal line 141 is electrically connected to n pixels provided
in a corresponding column among the plurality of pixels
arranged in matrix in the region 101. Furthermore, the signal
line 142 is electrically connected to n pixels provided in a
corresponding column among the plurality of pixels arranged
in matrix in the region 102. In addition, the signal line 143 is

Dec. 22,2011

electrically connected to n pixels provided in a corresponding
column among the plurality of pixels arranged in matrix in the
region 103.

[0029] Note that signals such as a start pulse (GSP) for the
scan line driver circuit, a clock signal (GCK) for the scan line
driver circuit, and pulse-width control signals (PWCI,
PWC2) for the scan line driver circuit, and drive power supply
potentials such as a high power supply potential and a low
power supply potential are input to the scan line driver circuit
11 from the outside. Further, signals such as a start pulse
(SSP) for the signal line driver circuit, a clock signal (SCK)
for the signal line driver circuit, and image signals (DATA1 to
DATAZ3), and drive power supply potentials such as a high
power supply potential and a low power supply potential are
input to the signal line driver circuit 12 from the outside.
[0030] FIGS. 1B to 1D illustrate examples of the circuit
structures of pixels. Specifically, FIG. 1B illustrates an
example of the circuit structure of a pixel 151 provided in the
region 101; FIG. 1C illustrates an example of the circuit
structure of a pixel 152 provided in the region 102; and FIG.
1Dillustrates an example of the circuit structure of a pixel 153
provided in the region 103. The pixel 151 illustrated in FIG.
1B includes a transistor 1511, a capacitor 1512, and a liquid
crystal element 1513. A gate of the transistor 1511 is electri-
cally connected to the scanline 13. One of a source and a drain
of the transistor 1511 is electrically connected to the signal
line 141. One electrode of the capacitor 1512 is electrically
connected to the other of the source and the drain of the
transistor 1511. The other electrode of the capacitor 1512 is
electrically connected to a wiring (also called a capacitor
wiring) for supplying a capacitor potential. One electrode
(also called a pixel electrode) of the liquid crystal element
1513 is electrically connected to the other of the source and
the drain of the transistor 1511 and the one electrode of the
capacitor 1512. The other electrode (also called a counter
electrode) of the liquid crystal element 1513 is electrically
connected to a wiring for supplying a counter potential.
[0031] The circuit structures of the pixel 152 illustrated in
FIG. 1C and the pixel 153 illustrated in FIG. 1D are the same
as that of the pixel 151 illustrated in FIG 1B. Note that the
pixel 152 illustrated in FIG. 1C differs from the pixel 151
illustrated in FIG. 1B in that one of a source and a drain of a
transistor 1521 is electrically connected to the signal line 142
instead of the signal line 141; and the pixel 153 illustrated in
FIG. 1D differs from the pixel 151 illustrated in FIG. 1B in
that one of a source and a drain of a transistor 1531 is elec-
trically connected to the signal line 143 instead of the signal
line 141.

<Structure Example of Scan Line Driver Circuit 11>

[0032] FIG. 2A illustrates a structure example of the scan
line driver circuit 11 included in the liquid crystal display
device illustrated in FIG. 1A. The scan line driver circuit 11
illustrated in FIG. 2A includes a shift register 110 having m
output terminals and AND gates 111_1to 111_m each having
a first input terminal, a second input terminal, and an output
terminal. Note that the first input terminal of the AND gate
111_a (a is an odd number that is m or less) is electrically
connected to the a-th output terminal of the shift register 110;
the second input terminal of the AND gate 111_a is electri-
cally connected to a wiring for supplying the first pulse-width
control signal (PWC1); and the output terminal of the AND
gate 111_a is electrically connected to the scan line 13_a that
is provided in the a-th row in the pixel portion 10. Further, the



US 2011/0310132 Al

first input terminal of the AND gate 111_b (b is an even
number that is m or less) is electrically connected to the b-th
output terminal of the shift register 110; the second input
terminal of the AND gate 111_b is electrically connected to a
wiring for supplying the second pulse-width control signal
(PWC2); and the output terminal of the AND gate 111_b is
electrically connected to the scan line 13_b that is provided in
the b-th row in the pixel portion 10.

[0033] The shift register 110 sequentially outputs high-
level potentials from the first to m-th output terminals when a
signal that has a high-level potential is input to the shift
register 110 as the start pulse (GSP) for the scan line driver
circuit which is input from the outside. Note that in the shift
register 110, the output terminals which output high-level
potentials are changed every halfthe cycle of the clock signal
(GCK) for the scan line driver circuit. That is, in the shift
register 110, a signal that has a high-level potential is shifted
every half the cycle of the clock signal (GCK) for the scan line
driver circuit and the signals are sequentially output from the
m output terminals. In addition, the shift register 110 stops the
shift of the signal when supply of the clock signal (GCK) for
the scan line driver circuit from the outside is stopped.

[0034] An operation example of the scan line driver circuit
11 is described with reference to FIG. 2B. Note that in FIG.
2B, the start pulse (GSP) for the scan line driver circuit, the
clock signal (GCK) for the scan line driver circuit, signals
(SR110out) output from the m output terminals of the shift
register 110, the first pulse-width control signal (PWC1), the
second pulse-width control signal (PWC2), and potentials of
the scan lines 13 1 to 13_m are shown.

[0035] Inthe operation example illustrated in FIG. 2B, the
start pulse (GSP) for the scan line driver circuit is input to the
shift register 110 at least three times before a sampling period
(t1). Specifically, in the sampling period (t1), the start pulse
(GSP) for the scan line driver circuit is input so that the first to
k-th output terminals of the shift register 110 sequentially
output high-level potentials, the (k+1)th to 2k-th output ter-
minals sequentially output high-level potentials, and the (2k+
1)th to m-th output terminals sequentially output high-level
potentials.

[0036] Accordingly, in the sampling period (1), each of the
AND gates 111_1 to 111_m outputs a logical AND of any of
the signals output from the m output terminals of the shift
register 110 and any of the first pulse-width control signal
(PWC1) and the second pulse-width control signal (PWC2).
In other words, in the sampling period (t1), high-level poten-
tials (selection signals) are sequentially supplied to the scan
lines 13_1 to 13_k which are provided in the first to k-th rows,
high-level potentials (selection signals) are sequentially sup-
plied to the scan lines 13_k+1 to 13_2k which are provided in
the (k+1)th to 2k-th rows, and high-level potentials (selection
signals) are sequentially supplied to the scan lines 13_2k+1 to
13_m which are provided in the (2k+1)th to m-th rows. Note
that the length of a period (a horizontal scanning period) in
which a high-level potential is supplied to the scan line is
substantially the same as that of a period in which the poten-
tial of the first pulse-width control signal (PWC1) or the
second pulse-width control signal (PWC2) is high-level. In
this manner, in the sampling period (t1), the scan line driver
circuit 11 can supply selection signals to 3n pixels provided in
three rows and the three rows to which the selection signals
are supplied are shifted every halfthe cycle of the clock signal
(GCK) for the scan line driver circuit.
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[0037] Then, in a sampling period (t2), supply of the clock
signal (GCK) for the scan line driver circuit, the first pulse-
width control signal (PWC1), and the second pulse-width
control signal (PWC2) to the scan line driver circuit 11 is
stopped. Specifically, low-level potentials are supplied to wir-
ings for supplying these signals. Thus, the shift of the signal
having a high-level potential in the shift register 110 is
stopped and low-level potentials (non-selection signals) are
supplied to the scan lines 13_1 to 13_m.

[0038] Then, in a sampling period (t3), supply of the clock
signal (GCK) for the scan line driver circuit, the first pulse-
width control signal (PWC1), and the second pulse-width
control signal (PWC2) to the scan line driver circuit 11 is
started again. Further, just before the clock signal (GCK) for
the scan line driver circuit is supplied, the start pulse (GSP)
for the scan line driver circuit is input to the scan line driver
circuit 11. This input enables operation similar to operation in
the sampling period (t1) to be performed in the sampling
period (t3). That is, in the sampling period (t3), the scan line
driver circuit 11 can supply selection signals to 3n pixels
provided in three rows and the three rows to which the selec-
tion signals are supplied are shifted every half the cycle of the
clock signal (GCK) for the scan line driver circuit.

[0039] Inthe operation example illustrated in FIG. 2B, the
above-described series of operations is repeated in the fol-
lowing periods. In other words, in this operation example, a
series of a sampling period in which selection signals can be
supplied to 3n pixels provided in three rows and the three
rows to which the selection signals are supplied are shifted
every half the cycle of the clock signal (GCK) for the scan line
driver circuit and a sampling period in which non-selection
signals are supplied to all the pixels is repeated.

<Structure Example of Signal Line Driver Circuit 12>

[0040] FIG. 3A illustrates a structure example of the signal
line driver circuit 12 which is included in the liquid crystal
display device illustrated in FIG. 1A. The signal line driver
circuit 12 illustrated in FIG. 3A includes a shift register 120
having n output terminals, transistors 121_1 to 121_n, tran-
sistors 122_1to 122_n, and transistors 123_1 to 123_n. Note
that a gate of the transistor 121_s (s is a natural number that is
n or less) is electrically connected to the s-th output terminal
of the shift register 120; one of a source and a drain of the
transistor 121_s is electrically connected to a wiring for sup-
plying the first image signal (DATA1); and the other of the
source and the drain of the transistor 121_s is electrically
connected to the signal line 141_s provided in the s-th column
in the pixel portion 10. Further, a gate of the transistor 122_s
1s electrically connected to the s-th output terminal of the shift
register 120; one of a source and adrain of the transistor 122_s
is electrically connected to a wiring for supplying the second
image signal (DATA2); and the other of the source and the
drain of the transistor 122_s is electrically connected to the
signal line 142_s provided in the s-th column in the pixel
portion 10. Further, a gate of the transistor 123_s is electri-
cally connected to the s-th output terminal of the shift register
120; one of a source and a drain of the transistor 123_s is
electrically connected to a wiring for supplying the third
image signal (DATA3); and the other of the source and the
drain of the transistor 123_s is electrically connected to the
signal line 143_s provided in the s-th column in the pixel
portion 10.

[0041] FIG. 3B illustrates an example of timings of image
signals supplied by the wirings for supplying the first image
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signal (DATA1), the second image signal (DATA2), and the
third image signal (DATA3). As illustrated in F1G. 3B, in the
sampling period (1), the wiring for supplying the first image
signal (DATA1) supplies an image signal (dataR(1—k)) for
controlling transmission of red (R) light for the pixels pro-
vided in the first to k-th rows; in the sampling period (t3), the
wiring for supplying the first image signal (DATA1) supplies
animage signal (dataG(1—k)) for controlling transmission of
green (G) light for the pixels provided in the first to k-th rows;
in the sampling period (t5), the wiring for supplying the first
image signal (DATA1) supplies an image signal (dataB
(1—k)) for controlling transmission of blue (B) light for the
pixels provided in the first to k-th rows; and in the other
sampling periods (12, t4, and t6), the wiring for supplying the
first image signal (DATAT1) does not supply any image signal.
Further, in the sampling period (t1), the wiring for supplying
the second image signal (DATA2) supplies an image signal
(dataR(k+1—2k)) for controlling transmission of red (R)
light for the pixels provided in the (k+1)th to 2k-th rows; in
the sampling period (13), the wiring for supplying the second
image signal (DATA?2) supplies an image signal (dataG(k+
1—2k)) for controlling transmission of green (G) light for the
pixels provided in the (k+1)th to 2k-th rows; in the sampling
period (5), the wiring for supplying the second image signal
(DATA2) supplies an image signal (dataB(k+1—2k)) for con-
trolling transmission of blue (B) light for the pixels provided
in the (k+1)th to 2k-th rows; and in the other sampling periods
(t2, 14, and 16), the wiring for supplying the second image
signal (DATA?2) does not supply any image signal. Further, in
the sampling period (t1), the wiring for supplying the third
image signal (DATA3) supplies an image signal (dataR(2k+
Im)) for controlling transmission of red (R) light for the
pixels provided in the (2k+1)th to m-th rows; in the sampling
period (13), the wiring for supplying the third image signal
(DATA3) supplies an image signal (dataG(2k+1—m)) for
controlling transmission of green (G) light for the pixels
provided in the (2k+1)th to m-th rows; in the sampling period
(t5), the wiring for supplying the third image signal (DATA3)
supplies an image signal (dataB(2k+1—m)) for controlling
transmission of blue (B) light for the pixels provided in the
(2k+1)th to m-th rows; and in the other sampling periods (12,
4, and t6), the wiring for supplying the third image signal
(DATA3) does not supply any image signal.

<Structure Example of Backlight>

[0042] FI1G. 4 illustrates a structure example of a backlight
20 provided behind the pixel portion 10 in the liquid crystal
display device illustrated in F1G. 1A. In the backlight illus-
trated in F1G. 4, backlight units 200 each including three light
sources which emit light of respective colors of red (R), green
(G), and blue (B) are arranged in matrix. Note that light
emitting diodes (LEDs) or the like can be used as the light
sources.

<Operation Example of Liquid Crystal Display Device>

[0043] FIG. 5 illustrates a shift of the selection signals and
timing of lighting the backlight in the above-described liquid
crystal display device. Note that in F1G. 5, the vertical axis
indicates the rows in the pixel portion 10 and the horizontal
axis indicates time. 1n the liquid crystal display device, in the
sampling period (t1), the respective n pixels 151 provided in
the first to k-th rows are sequentially selected for each row;
the respective n pixels 152 provided in the (k+1)th to 2k-th
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rows are sequentially selected for each row; and the respec-
tive n pixels 153 provided in the (2k+1)th to m-th rows are
sequentially selected for each row. Thus, an image signal for
controlling transmission of red (R) light can be input to each
pixel. Similarly, in the liquid crystal display device, in the
sampling period (t3), an image signal for controlling trans-
mission of green (G) light can be input to each pixel, and in
the sampling period (t5), an image signal for controlling
transmission of blue (B) light can be input to each pixel.
[0044] Moreover, inthe liquid crystal display device, in the
sampling period (12), red (R) light is emitted from the back-
light 20 to the pixel portion 10; in the sampling period (t4),
green (G) light is emitted from the backlight 20 to the pixel
portion 10; and in the sampling period (6), blue (B) light is
emitted from the backlight 20 to the pixel portion 10.

<Liquid Crystal Display Device of This Embodiment>

[0045] 1n the liquid crystal display device disclosed in this
specification, image signals can be concurrently supplied to
pixels provided in a plurality of rows among pixels arranged
in matrix. Thus, without being limited by the characteristics
such as mobility of a transistor included in the liquid crystal
display device, the frequency of input of an image signal to
each pixel can be increased. As a result, in the liquid crystal
display device, display deterioration such as color break
which is caused in a field-sequential liquid crystal display
device can be suppressed and image quality can be improved.

<Modification Example>

[0046] The above-described liquid crystal display deviceis
one embodiment of the present invention, and the present
invention includes a liquid crystal display device which is
different from the above-described liquid crystal display
device.

[0047] Forexample, the above-described liquid crystal dis-
play device has the structure in which the pixel portion 10 is
divided into three regions; however, the liquid crystal display
device of the present invention is not limited to having this
structure. 1n other words, in the liquid crystal display device
in the present invention, the pixel portion 10 can be divided
into a plurality of regions the number of which is not three.
Note that it is obvious that in the case where the number of
regions is changed, the number of regions needs to be equal to
the number of signal lines and timing of inputting the start
pulse (GSP) for the scan line driver circuit needs to be con-
trolled appropriately.

[0048] Further, the liquid crystal display device includes a
capacitor for holding voltage applied to a liquid crystal ele-
ment (see FIGS. 1B to 1D); however, it is possible not to
provide the capacitor. In that case, the aperture ratio of the
pixel can be improved. 1n addition, since the capacitor wiring
extending to the pixel portion can be omitted, a variety of
wirings can be driven at high speed.

[0049] Further, in the above-described liquid crystal dis-
play device, aperiod (a shutoff period) in which the backlight
is not lit can be provided at the beginning of each of the
sampling periods (12, 14, and t6) as illustrated in F1G. 6A. In
that case, a response time of the liquid crystal elements of the
pixels (e.g., the pixels provided in the k-th row and the 2k-th
row in the pixel portion) to which the image signals are input
at the end of the sampling periods (t1, t3, and t5) can be
secured. In other words, light leakage in the pixels can be
suppressed.
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[0050] Further, a period (a shutoff period) in which the
backlight is not lit can be provided at the end of each of the
sampling periods (12, t4, and t6) as illustrated in FIG. 6B. In
that case, a period can be secured in which the polarity of the
counter potential supplied to the other electrode (the counter
electrode) of the liquid crystal element of the liquid crystal
display device is inverted (this inversion is called common
inversion). Note that in many general liquid crystal display
devices, the polarity of a voltage which is applied to a liquid
crystal element is inverted every predetermined period (i.e.,
the potential of an image signal input to a pixel is switched
between a potential higher than a counter potential and a
potential lower than the counter potential every predeter-
mined period) in order to suppress deterioration of the liquid
crystal element. By performing common inversion driving,
the voltage amplitude of the image signal can be reduced.
Note that although the shutoff periods are provided in the
sampling periods (12, 4, and t6) in FIG. 6B, the shutoff period
is not necessarily provided in each of all the sampling periods
(t2, t4, and t6). For example, the shutoff period can be pro-
vided every period in which one image is produced in the
pixel portion.

[0051] The liquid crystal display device has a structure
where the backlight sequentially emits red (R) light, green
(G) light, and blue (B) light to the pixel portion (see FIG. 5);
however, the structure of the liquid crystal display device of
one embodiment of the present invention is not limited to such
astructure. For example, a structure (see FIG. 7A) where light
sources capable of emitting red (R) light, green (G) light, and
blue (B) light are lit at the same time in the backlight, so that
white (W) light can be produced and emitted to the pixel
portion can be employed. Further, a structure (see FIG. 7B)
where a period (a black insertion period) in which the back-
light is shut off is provided after an image is produced in the
pixel portion can be employed. With the black insertion
period, color break can be suppressed. Alternatively, light of
a given color, the amount of which is larger than that of light
of the other colors, can be emitted to the pixel portion. Spe-
cifically, the amount of blue (B) light emitted to the pixel
portion, which has a low luminosity factor, can be larger than
that of green (G) light emitted to the pixel portion, which has
a high luminosity factor.

[0052] Furthermore, the liquid crystal display device has a
structure where the backlight unit has light sources capable of
emitting light of three colors of red (R), green (G), and blue
(B); however, the structure of the liquid crystal display device
of one embodiment of the present invention is not limited to
such a structure. In other words, in the liquid crystal display
device of one embodiment of the present invention, the back-
light unit can be formed by arbitrarily combining plural light
sources that emit light of different colors. For example, com-
bination of light sources that emit light of four colors of red
(R), green (G), blue (B), and white (W) or four colors of red
(R), green (G), blue (B), and yellow (Y), combination of light
sources that emit light of a plurality of complementary colors,
and the like are possible. Note that in the case where the
backlight unit includes a light source emitting white (W)
light, white (W) light can be produced by the light source
without mixture of colors. Since the light source has high
luminous efficiency, power consumption can be reduced by
forming the backlight unit using the light source. Further, in
the case where the backlight unit includes light sources that
emit light of two complementary colors (e.g., light sources
that emit two colors of blue (B) and yellow (Y)), white (W)
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light can be produced by mixture of the light of the two colors.
Further, light sources that emit light of six colors of pale red
(R), pale green (G), pale blue (B), deep red (R), deep green
(G), and deep blue (B) can be used in combination or light
sources that emit light of six colors ofred (R), green (G), blue
(B), cyan (C), magenta (M), and yellow (Y) can be used in
combination. In this manner, by a combination of light
sources that emit light of a larger number of colors, the color
gamut of the liquid crystal display device can be increased, so
that image quality can be improved.

[0053] A shift of the selection signals and lighting of the
backlight are performed in different periods in the liquid
crystal display device (see FIG. 5, FIGS. 6A and 6B, and
FIGS. 7A and 7B); however, the structure of the liquid crystal
display device in the present invention is not limited to such a
structure. For example, a structure where a shift of the selec-
tion signals and lighting of the backlight are concurrently
performed can be employed. A specific example of the struc-
ture will be described below with reference to FIGS. 8A and
8B and FIG. 9.

[0054] FIG. 8A illustrates an operation example of a scan
line driver circuit. Note that the scan line driver circuit 11 the
structure of which is illustrated in FIG. 2A can be applied to
the scan line driver circuit here. In the operation example
illustrated in FIG. 8A, operations in sampling periods (T1,
T2, and T3) are the same as those in the sampling periods (11,
13, and t5) in the operation example of the scan line driver
circuit in FIG. 2B. In other words, the operation example
illustrated in FIG. 8A is the operation example of the scan line
driver circuit in FIG. 2B from which the sampling periods (12,
t4, and t6) are omitted.

[0055] FIG. 8B illustrates an operation example of a signal
line driver circuit. Note that the signal line driver circuit 12 the
structure of which is illustrated in FIG. 3A can be applied to
the signal line driver circuit here. In the operation example
illustrated in FIG. 8B, in the sampling period (T1), the wiring
for supplying the first image signal (DATA1) supplies an
image signal (dataR(1—k)) for controlling transmission of
red (R) light for the pixels provided in the first to k-th rows; in
the sampling period (T2), the wiring for supplying the first
image signal (DATA1) supplies an image signal (dataG
(1—=k)) for controlling transmission of green (G) light for the
pixels provided in the first to k-th rows; and in the sampling
period (T3), the wiring for supplying the first image signal
(DATA1) supplies an image signal (dataB(1—k)) for control-
ling transmission of blue (B) light for the pixels provided in
the first to k-th rows. Further, in the sampling period (T1), the
wiring for supplying the second image signal (DATA2) sup-
plies an image signal (dataB(k+1-=2k)) for controlling trans-
mission of blue (B) light for the pixels provided in the (k+1)th
to 2k-th rows; in the sampling period (T2), the wiring for
supplying the second image signal (DATA2) supplies an
image signal (dataR(k+1—2k)) for controlling transmission
of red (R) light for the pixels provided in the (k+1)th to 2k-th
rows; and in the sampling period (T3), the wiring for supply-
ing the second image signal (DATA2) supplies an image
signal (dataG(k+1—2k)) for controlling transmission of
green (G) light for the pixels provided in the (k+1)th to 2k-th
rows. Further, in the sampling period (T1), the wiring for
supplying the third image signal (DATA3) supplies an image
signal (dataG(2k+1—m)) for controlling transmission of
green (G) light for the pixels provided in the (2k+1)th to m-th
rows; in the sampling period (12), the wiring for supplying
the third image signal (DATA3) supplies an image signal
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(dataB(2k+1-—>m)) for controlling transmission of blue (B)
light for the pixels provided in the (2k+1)th to m-th rows; and
in the sampling period (T3), the wiring for supplying the third
image signal (DATA3) supplies an image signal (dataR(2k+
1—m)) for controlling transmission of red (R) light for the
pixels provided in the (2k+1)th to m-th rows.

[0056] Further, as a backlight, a backlight having the struc-
ture illustrated in FIG. 4 can be used. Here, note that lighting
of the plurality of the backlight units 200 arranged in matrix
can be controlled for each given region. Specifically, the
backlight units 200 are provided at least every t rows and
every n columns (here, tis k/4) as the backlight for the pixels
arranged in matrix (m rows by n columns) and lighting of the
backlight units 200 can be controlled independently. In other
words, the backlight can include at least a first group of
backlight units for the first to t-th rows to a (3k/t)th group of
backlight units for the (2k+3t+1)th to m-th rows, and lighting
of the backlight units 200 can be controlled independently.

[0057] FIG. 9 illustrates a shift of the selection signals and
timing of lighting the backlight in the above-described liquid
crystal display device. Note that in FIG. 9, the vertical axis
indicates the rows in the pixel portion 10 and the horizontal
axis indicates time. In the liquid crystal display device, in the
sampling period (T1), the respective n pixels provided in the
first to k-th rows are sequentially selected; the respective n
pixels provided in the (k+1)th to 2k-th rows are sequentially
selected; and the respective n pixels provided in the (2k+1)th
to m-th rows are sequentially selected. Thus, the image signal
can be input to each pixel. Further, in the liquid crystal display
device, in the sampling period (T1), red (R) light is emitted
from the backlight units for the first to t-th rows after the red
(R) image signals are input to the respective n pixels provided
in the first to t-th rows; blue (B) light is emitted from the
backlight units for the (k+1)th to (k+t)th rows after the blue
(B) image signals are input to the respective n pixels provided
in the (k+1)th to (k+t)th rows; and green (G) light is emitted
from the backlight units for the (2k+1)th to (2k+t)th rows
after the green (G) image signals are input to the respective n
pixels provided in the (2k+1)th to (2k+t)th rows. In other
words, in the liquid crystal display device, a shift of the
selection signals and lighting of the backlight unit of a given
color (red (R), green (G), or blue (B)) can be concurrently
performed per region (a region of the first to n-th rows, a
region of the (n+1)th to 2n-th rows, and a region of the
(2n+1)th to 3n-th rows). Thus, without being limited by the
characteristics such as mobility of a transistor included in the
liquid crystal display device, the frequency of input of an
image signal to each pixel can be increased. As a result, in the
liquid crystal display device, display deterioration such as
color break which is caused in a field-sequential liquid crystal
display device can be suppressed and image quality can be
improved.

[0058] The structures in Modification Example can be
applied in combination to the liquid crystal display device
which is described with reference to FIGS. 1A to 1D, FIGS.
2A and 2B, FIGS. 3A and 3B, FIG. 4, and FIG. 5.

<Various Kinds of Electronic Devices Having Liquid Crystal
Display Device>

[0059] Examples of electronic devices each having the
above-described liquid crystal display device are described
below with reference to FIGS. 10A to 10F.
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[0060] FIG. 10A illustrates a laptop personal computer,
which includes a main body 2201, a housing 2202, a display
portion 2203, a keyboard 2204, and the like.

[0061] FIG. 10B illustrates a portable information terminal
(PDA), which includes a main body 2211 provided with a
display portion 2213, an external interface 2215, operation
buttons 2214, and the like. Further, a stylus 2212 for operation
is included as an accessory.

[0062] FIG. 10C illustrates an e-book reader 2220. The
e-book reader 2220 includes two housings 2221 and 2223.
The housings 2221 and 2223 are combined with each other
with a hinge 2237 so that the e-book reader 2220 can be
opened and closed with the hinge 2237 used as an axis. With
such a structure, the e-book reader 2220 can be used like a
paper book.

[0063] A display portion 2225 is incorporated in the hous-
ing 2221, and a display portion 2227 is incorporated in the
housing 2223. The display portions 2225 and 2227 may dis-
play one image or different images. In the case where the
display portions 2225 and 2227 display different images, for
example, a display portion on the right side (the display
portion 2225 in FIG. 10C) can display text and a display
portion on the left side (the display portion 2227 in F1G. 10C)
can display images.

[0064] Further, in FIG. 10C, the housing 2221 includes an
operation portion and the like. For example, the housing 2221
includes a power button 2231, operation keys 2233, a speaker
2235, and the like. With the operation key 2233, pages can be
turned. Note that a keyboard, a pointing device, or the like
may be provided on the same surface as the display portion of
the housing. Further, an external connection terminal (e.g., an
earphone terminal, a USB terminal, or a terminal which can
be connected to an AC adapter or a variety of cables such as
USB cables), a recording medium insertion portion, or the
like may be provided on a back surface or a side surface of the
housing. Furthermore, the e-book reader 2220 may function
as an electronic dictionary.

[0065] The e-book reader 2220 may transmit and receive
data wirelessly. Through wireless communication, desired
book data or the like can be purchased and downloaded from
an electronic book server.

[0066] FIG. 10D illustrates a cellular phone. The cellular
phone includes two housings 2240 and 2241. The housing
2241 includes a display panel 2242, a speaker 2243, a micro-
phone 2244, a pointing device 2246, a camera lens 2247, an
external connection terminal 2248, and the like. The housing
2240 includes a solar cell 2249 for storing electricity in the
cellular phone, an external memory slot 2250, and the like.
Further, an antenna is incorporated in the housing 2241.
[0067] The display panel 2242 has a touch panel function.
A plurality of operation keys 2245 which are displayed as
images are indicated by dashed lines in FIG. 10D. Note that
the cellular phone includes a booster circuit for increasing a
voltage output from the solar cell 2249 to a voltage needed for
each circuit. Further, the cellular phone can include a contact-
less IC chip, a small recording device, or the like in addition
to the above components.

[0068] The display direction of the display panel 2242 is
changed as appropriate in accordance with applications. Fur-
ther, the camera lens 2247 is provided on the same surface as
the display panel 2242; thus, the cellular phone can be used as
a video phone. The speaker 2243 and the microphone 2244
can be used for videophone calls, recording, and playing
sound, and the like as well as voice calls. Furthermore, the
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housings 2240 and 2241 which are developed as illustrated in
F1G. 10D can overlap with each other by sliding; thus, the size
of the cellular phone can be decreased, which makes the
cellular phone suitable for being carried.

[0069] The external connection terminal 2248 can be con-
nected to an AC adapter or a variety of cables such as USB
cables, so that electricity can be stored and data communica-
tion can be performed. 1n addition, a larger amount of data can
be saved and moved with a recording medium which is
inserted to the external memory slot 2250. Further, in addition
to the above functions, the cellular phone may have an infra-
red communication function, a television reception function,
or the like.

[0070] F1G. 10E illustrates a digital camera. The digital
camera includes a main body 2261, a display portion (A)
2267, an eyepiece portion 2263, an operation switch 2264, a
display portion (B) 2265, a battery 2266, and the like.
[0071] FIG. 10F illustrates a television set. A television set
2270 includes a display portion 2273 incorporated in a hous-
ing 2271. The display portion 2273 can display images. Note
that here, the housing 2271 is supported by a stand 2275.
[0072] Thetelevisionset 2270 can be operated by an opera-
tion switch of the housing 2271 or a remote control 2280.
Channels and volume can be controlled with operation keys
2279 of the remote control 2280, so that an image displayed
on the display portion 2273 can be controlled. Further, the
remote control 2280 may have a display portion 2277 for
displaying data output from the remote control 2280.

[0073] Note that the television set 2270 preferably includes
a receiver, a modemn, and the like. A general television broad-
cast can be received with the receiver. Further, when the
television set is connected to a communication network with
or without wires via the modem, one-way (from a transmitter
1o a receiver) or two-way (between a transmitter and a
receiver or between receivers) data communication can be
performed.

[0074] This application is based on Japanese Patent Appli-
cation serial No. 2010-140886 filed with Japan Patent Office
on Jun. 21, 2010, the entire contents of which are hereby
incorporated by reference.

What is claimed is:
1. A method for driving a liquid crystal display device
comprising the steps of:

performing supply of a clock signal to a scan line driver
circuit of the liquid crystal display device in a first sam-
pling period;

performing output of a first logic signal from the scan line
driver circuit in the first sampling period;

shutting off a light source of the liquid crystal display
device in the first sampling period;

stopping the supply of the clock signal to the scan line
driver circuit in a second sampling period; and

lighting the light source of the liquid crystal display device
in the second sampling period.

2. The method for driving the liquid crystal display device

according to claim 1, further comprising the steps of:

performing supply of a pulse-width control signal to the
scan line driver circuit of the liquid crystal display
device in the first sampling period;

performing output of the first logic signal based on the
pulse-width control signal from the scan line driver cir-
cuit in the first sampling period; and

stopping the supply of the pulse-width control signal to the
scan line driver circuit in the second sampling period.
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3. The method for driving the liquid crystal display device
according to claim 2, further comprising the steps of:

performing output of a second logic signal based on the

pulse-width control signal from the scan line driver cir-
cuit in the first sampling period concurrently with the
output of the first logic signal; and

stopping the output of the first logic signal and the output of

the second logic signal in the second sampling period.

4. The method for driving the liquid crystal display device
according to claim 3, further comprising the steps of:

performing output of the first logic signal to a first pixel;

performing output of the second logic signal to a second
pixel;

performing supply of a first image signal to the first pixel

while performing the output of the first logic signal from
the scan line driver circuit; and

performing supply of a second image signal to the second

pixel while performing the output of the second logic
signal from the scan line driver circuit.

5. The method for driving the liquid crystal display device
according to claim 4,

wherein a plurality of pixels comprising the first pixel and

the second pixel are arranged in matrix form,

wherein the first pixel is provided in a first row and a first

column, and

wherein the second pixel is provided in a second row and

the first column.
6. A method for driving a liquid crystal display device
comprising a scan line driver circuit, the method comprising
the steps of:
performing supply of a clock signal to a shift register of the
scan line driver circuit in a first sampling period;

performing output of a first signal from the shift register to
a first input terminal of a first logical gate in synchroni-
zation with the supply of the clock signal in the first
sampling period;

performing output of a first logic signal based on the first

signal from the shift register in the first sampling period;
shutting off a light source of the liquid crystal display
device in the first sampling period,

stopping the supply of the clock signal to the shift register

in a second sampling period,

holding the first signal from the shift register to the first

input terminal of the first logical gate in the second
sampling period;

stopping the output of the first logic signal from the shift

register in the second sampling period; and

lighting the light source of the liquid crystal display device

in the second sampling period.
7. The method for driving the liquid crystal display device
according to claim 6, further comprising the steps of’
performing supply of a pulse-width control signal to a
second input terminal of the first logical gate of the scan
line driver circuit in the first sampling period;

performing output of the first logic signal based on the
pulse-width control signal and the first signal from the
shift register in the first sampling period; and

stopping the supply of the pulse-width control signal to the

second input terminal of the first logical gate in the
second sampling period.

8. The method for driving the liquid crystal display device
according to claim 7, further comprising the steps of:
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performing output of a second signal from the shift register
to a first input terminal of a second logical gate in syn-
chronization with the supply of the clock signal in the
first sampling period;
performing supply of the pulse-width control signal to a
second input terminal of the second logical gate of the
scan line driver circuit in the first sampling period;
performing output of a second logic signal based on the
pulse-width control signal and the second signal from
the shift register concurrently with the output of the first
logic signal in the first sampling period;
stopping the supply of the pulse-width control signal to the
second input terminal of the second logical gate in the
second sampling period;
holding the second signal from the shift register to the first
input terminal of the second logical gate in the second
sampling period; and
stopping the output of the second logic signal from the shift
register in the second sampling period.
9. The method for driving the liquid crystal display device
according to claim 8, further comprising the steps of:
performing output of the first logic signal to a first pixel;
performing output of the second logic signal to a second
pixel;
performing supply of a first image signal to the first pixel
while performing the output of the first logic signal from
the scan line driver circuit; and
performing supply of a second image signal to the second
pixel while performing the output of the second logic
signal from the scan line driver circuit.
10. The method for driving the liquid crystal display device
according to claim 9,
wherein a plurality of pixels comprising the first pixel and
the second pixel are arranged in matrix form,
wherein the first pixel is provided in a first row and a first
column, and
wherein the second pixel is provided in a second row and
the first column.
11. A method for driving a liquid crystal display device
comprising the steps of:
in a first sampling period:
performing first supply of n image signals for control-
ling transmission of light of a first color for n pixels
provided in a first row to n pixels provided in a k-th
row; and
performing second supply of n image signals for con-
trolling transmission of light of a second color for n
pixels provided in a (k+1)th row to n pixels provided
in a 2k-th row; and
in a second sampling period subsequent to the first sam-
pling period:
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emitting light of the first color to a pixel portion of the
liquid crystal display device by lighting at least one of
a plurality of light sources;
emitting light of the second color to the pixel portion by
lighting at least one of the plurality of light sources;
controlling transmission of the light of the first color in
the n pixels provided in the first row to the n pixels
provided in the k-th row; and
controlling transmission of the light of the second color
in the n pixels provided in the (k+1)th row to the n
pixels provided in the 2k-th row, wherein the first
supply of the n image signals and the second supply of
the n image signals are concurrently performed, and
wherein n and k are natural numbers.
12. The method for driving the liquid crystal display device
according to claim 11,
wherein all the plurality of light sources are shut off in the
first sampling period, and
wherein an image signal is supplied to none of the n pixels
provided in the first row to the n pixels provided in the
2k-th row in the second sampling period.
13. The method for driving the liquid crystal display device
according to claim 11, further comprising the steps of:
in the second sampling period:
emitting the light of the first color to the pixel portion
after the first supply of the n image signals to the n
pixels provided in the k-th row and the second supply
of the n image signals to the n pixels provided in the
2k-th row.
14. The method for driving the liquid crystal display device
according to claim 11, further comprising the steps of:
in the second sampling period:
shutting off all the plurality of light sources after emit-
ting the light of the first color to the pixel portion;
in a third sampling period subsequent to the second sam-
pling period:
performing third supply of n image signals for control-
ling transmission of light of a third color for the n
pixels provided in the first row to the n pixels provided
in the k-th row; and
performing fourth supply of nimage signals for control-
ling transmission of light of a fourth color for the n
pixels provided in the (k+1)th row to the n pixels
provided in the 2k-th row,
wherein the third supply of the n image signals and the
fourth supply of the n image signals are concurrently
performed.
15. The method for driving the liquid crystal display device
according to claim 14,
wherein common inversion driving is performed while
shutting off all the plurality of light sources in the second
sampling period.
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