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(57) Abstract: The image quality of a liquid crystal display device that can display stereoscopic images is improved without the
decrease in resolution. In a method for driving a liquid crystal display device that displays stereoscopic images by a wavelength
division method, a first image seen with left eye and a second image seen with right eye are displayed using R, G, and B whose
wavelength bands are different from each other by a tfield-sequential method. In the field-sequential method, writing of video sig-
nals and lighting of a backlight are sequentially performed not in the entire pixel portion but in each given region of the pixel por-
tion.
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DESCRIPTION
METHOD FOR DRIVING LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD
[0001]

The present invention relates to methods for driving liquid crystal display
devices. In particular, the present invention relates to methods for driving liquid
crystal display devices that display stereoscopic (three-dimensional) images by a

field-sequential method.

BACKGROUND ART
[0002]

Liquid crystal display devices are widely used in large display devices such as
television receivers to small display devices such as cellular phones.
High-value-added products will be needed and are being developed. In recent years,
liquid crystal display devices that can display stereoscopic images have been developed
in order to display more realistic images.

[0003]

As a method for displaying stereoscopic images, a method by which an image
seen with left eye and an image seen with right eye are separated and visually identified
using eyeglasses (such a method is also referred to as an image separation method) is
suitable for viewing images on large screens because the viewing angle can be wide.
The image separation method is a method in which an image for left eye and an image
for right eye are prepared, and an image seen with left eye of a viewer and an image
seen with right eye of the viewer are separated using eyeglasses that include a
liquid-crystal shutter, a polarization filter, or a spectral filter.

[0004]

Note that temporal separation of right and left images with a liquid-crystal
shutter is also referred to as a frame-sequential method. Wavelength separation of
right and left images with a spectral filter is also referred to as a wavelength division

(selection) method.
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[0005]
As a display device that displays stereoscopic images by a wavelength division
method, for example, there is a display device disclosed in Reference 1.
[Reference]
[0006]
Reference 1: Japanese Published Patent Application No. 2009-229645

DISCLOSURE OF INVENTION
[0007]

Here, a wavelength-division liquid crystal display device is described with
reference to FIGS. 13Ato 13D. FIG. 13A is an external view of a liquid crystal display
device 801 and eyeglasses 802 with spectral filters. The eyeglasses 802 include a
spectral filter 803A for left eye and a spectral filter 803B for right eye.

[0008]

FIG. 13B is a simple graph in which the horizontal axis shows wavelengths in a
visible light range and the vertical axis shows intensity. A visible light range 810 has a
red wavelength band 811, a green wavelength band 812, and a blue wavelength band
813. In the red wavelength band 811, a first red wavelength band R1 is provided on a
short wavelength side, and a second red wavelength band R2 is provided on a long
wavelength side. In the green wavelength band 812, a first green wavelength band G1
is provided on a short wavelength side, and a second green wavelength band G2 is
provided on a long wavelength side. In the blue wavelength band 813, a first blue
wavelength band B1 is provided on a short wavelength side, and a second blue
wavelength band B2 is provided on a long wavelength side.

{0009]

Next, how a viewer sees an image by a wavelength division method is
described. Here, description is made with reference to a schematic view in FIG. 13C.
[0010]

The spectral filter 803A for the left eye in FIG. 13A transmits light in the first
red wavelength band R1, light in the first green wavelength band G1, and light in the
first blue wavelength band B1 (as indicated by a solid arrow in FIG. 13C), and does not

transmit light in the second red wavelength band R2, light in the second green
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wavelength band G2, and light in the second blue wavelength band B2 (as indicated by
a dotted arrow in FIG. 13C). As an image 821 for the left eye, a video signal is
converted in advance so that a color image is displayed in the first red wavelength band
R1, the first green wavelength band G1, and the first blue wavelength band B1. Then,
left eye 823 of the viewer can visually identify the image for the left eye selectively.
[0011]

Similarly, the spectral filter 803B for the right eye transmits light in the second
red wavelength band R2, light in the second green wavelength band G2, and light in the
second blue wavelength band B2 (as indicated by a solid arrow in FIG. 13C), and does
not transmit light in the first red wavelength band R1, light in the first green wavelength
band G1, and light in the first blue wavelength band B1 (as indicated by a dotted arrow
in FIG. 13C). As an image 822 for the right eye, a video signal is converted in advance
so that a color image is displayed in the second red wavelength band R2, the second
green wavelength band G2, and the second blue wavelength band B2. Then, right eye
824 of the viewer can visually identify the image for the right eye selectively.

[0012]

By the wavelength division method, the viewer can simulate parallax at the
time when a stereoscopic object is visually identified with the left eye 823 and the right
eye 824, thus, a stereoscopic image can be displayed.

[0013]

Note that the image 821 for the left eye and the image 822 for the right eye
illustrated in FIG. 13C can be concurrently displayed on one display screen. For
example, as illustrated in FIG. 13D, the image 821 for the left eye and the image 822 for
the right eye may be concurrently displayed on one display screen by a projector 831 of
the image 821 for the left eye and a projector for the image 822 for the right eye.

[0014]

In stereoscopic display by the wavelength division method illustrated in FIGS.
13A to 13D, in the case where ppi (pixel per inch) is increased by the increase in the
number of pixels without a change in display area, display by a field-sequential method
in which pixels do not need subpixels can be used. A field-sequential liquid crystal
display device includes a plurality of light sources that emit light of different colors (e.g.,

red (R), green (G), and blue (B)). A desired color is expressed by sequential lighting
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of the plurality of light sources and control of transmission of light of different colors in
each pixel.
[0015]

In a field-sequential liquid crystal display device, it is necessary to increase the
frequency of input of video signals based on a plurality of light sources. Note that in
the example of FIGS. 13A to 13D, the plurality of light sources are a light source in the
first red wavelength band R1, a light source in the first green wavelength band G1, a
light source in the first blue wavelength band B1, a light source in the second red
wavelength band R2, a light source in the second green wavelength band G2, and a light
source in the second blue wavelength band B2.

[0016]

In order to increase the frequency of input of video signals, it is important to
increase the response speed of elements provided in pixels. In order to increase the
response speed of the elements provided in the pixels, for example, it is necessary to
increase the mobility of transistors provided in the pixels. However, as a display
portion becomes larger, the increase in mobility of the transistors becomes more
difficult. On the other hand, the increase in frequency of input of video signals
reduces display defects caused by color breakup that is a display problem unique to a
field-sequential method. Thus, it is important to shorten a writing period of video
signals.

[0017]

It is therefore an object of one embodiment of the present invention to provide
a liquid crystal display device in which the frequency of input of video signals is
increased and stereoscopic images can be displayed without the decrease in resolution.
[0018]

One embodiment of the present invention is a method for driving a liquid
crystal display device including a plurality of pixels arranged in m rows by n columns
(m is a natural number of 12 or more and # is a natural number) in which a stereoscopic
image is visually identified using an eyeglass including a spectral filter for left eye for
visually identifying a first image by a field-sequential method by transmission of light
in a first red wavelength band, light in a first green wavelength band, and light in a first

blue wavelength band and a spectral filter for right eye for visually identifying a second



10

15

20

25

30

WO 2012/014686 5 PCT/JP2011/066026

image by a field-sequential method by transmission of light in a second red wavelength
band, light in a second green wavelength band, and light in a second blue wavelength
band. In the method, in a period during which a video signal used for controlling
transmission of light of a first color is input to a plurality of pixels arranged in a first
row to a k-th row (k is a natural number of less than or equal to (m/3)), a video signal
used for controlling transmission of light of a second color is input to a plurality of
pixels arranged in a (k+1)th row to a 2k-th row, and a video signal used for controlling
transmission of light of a third color is input to a plurality of pixels arranged in a
(2k+1)th row to an m-th row, the video signal used for controllirig transmission of the
light of the first color is input to a plurality of pixels arranged in the first row to a z-th
row (¢ is a natural number of (k/N) (N is a natural number)), the video signal used for
controlling transmission of the light of the second color is input to a plurality of pixels
arranged in the (k+1)th row to a (k+f)th row, and the video signal used for controlling
transmission of the light of the third color is input to a plurality of pixels arranged in the
(2k+1)th row to a (2k+f)th row. Then, the plurality of pixels arranged in the first row
to the z-th row are irradiated with the light of the first color; the plurality of pixels
arranged in the (k+1)th row to the (k+t)th row are irradiated with the light of the second
color; and the plurality of pixels arranged in the (2k+1)th row to the (2k+f)th row are
irradiated with the light of the third color. Irradiation is performed so that the light of
the first color, the light of the second color, and the light of the third color correspond to
light in the first red wavelength band, light in the first green wavelength band, and light
in the first blue wavelength band in given combinations. After that, irradiation is
performed so that the light of the first color, the light of the second color, and the light
of the third color correspond to light in the second red wavelength band, light in the
second green wavelength band, and light in the second blue wavelength band in given
combinations. In the driving method, under the conditions of natural numbers of n = 1
to n = ((k/t)-1), operations of irradiation with the light of the first color, irradiation with
the light of the second color, and irradiation with the light of the third color after video
signals are input to (1+nf)th to ((n+1)t)th rows, (k+(1+nt))th to (k+(n+1))th rows,
(2k+(1+nt))th to (2k+(n+1)r)th rows are sequentially performed. In the driving method,
the light of the first color, the light of the second color, and the light of the third color
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correspond to the light in the first red wavelength band, the light in the first green
wavelength band, and the light in the first blue wavelength band in given combinations.
As a specific example, the light of the first color corresponds to the light in the first blue
wavelength band; the light of the second color corresponds to the light in the first green
wavelength band; and the light of the third color corresponds to the light in the first red
wavelength band. As a similar specific example, the light of the first color
corresponds to the light in the second blue wavelength band; the light of the second
color corresponds to the light in the second green wavelength band; and the light of the
third color corresponds to the light in the second red wavelength band.

[0019]

In one embodiment of the present invention, it is preferable to employ a
method for driving a liquid crystal display device in which an image seen through the
spectral filter for the left eye is visually identified sequentially from the first image and
a black image and an image seen through the spectral filter for the right eye is visually
identified sequentially from a black image and the second image.

[0020]

In one embodiment of the present invention, it is preferable to employ a
method for driving a liquid crystal display device in which irradiation with the light in
the first red wavelength band, irradiation with the light in the first green wavelength
band, irradiation with the light in the first blue wavelength band, irradiation with the
light in the second red wavelength band, irradiation with the light in the second green
wavelength band, and irradiation with the light in the second blue wavelength band are
separately performed.

[0021]

In a liquid crystal display device in one embodiment of the present invention,
input of video signals and lighting of a backlight are sequentially performed not in the
entire pixel portion but in each given region of the pixel portion. Thus, the frequency
of input of video signals to pixels in the liquid crystal display device can be increased.
Accordingly, it is possible to provide a liquid crystal display device in which display
degradation such as color breakup is suppressed and stereoscopic images can be

displayed without the decrease in resolution.
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BRIEF DESCRIPTION OF DRAWINGS
[0022]

In the accompanying drawings:

FIGS. 1A and 1B illustrate a structure example of a liquid crystal display
device;

FIGS. 2A to 2C illustrate a structure example of a scan line driver circuit;

FIG. 3A is a circuit diagram illustrating an example of a pulse output circuit,
and FIGS. 3B to 3D are timing charts of the pulse output circuit;

FIG. 4A illustrates a structure example of a signal line driver circuit, and FIG.
4B is a timing chart of the signal line driver circuit;

FIG. 5 illustrates a structure example of a backlight;

FIG. 6 illustrates an operation example of a liquid crystal display device;

FIG. 7 illustrates an operation example of a liquid crystal display device;

FIG. 8 illustrates an operation example of a liquid crystal display device;

FIG. 9 illustrates an operation example of a liquid crystal display device;

FIG. 10 illustrates an operation example of a liquid crystal display device;

FIGS. 11A to 11D are cross-sectional views of transistors in one embodiment
of the present invention;

FIGS. 12A to 12D illustrate electronic devices; and

FIGS. 13A to 13D is diagrams for illustrating a wavelength separation method.

BEST MODE FOR CARRYING OUT THE INVENTION
[0023]

Embodiments of the present invention will be described below with reference
to the drawings. Note that the embodiments can be implemented in various different
ways. It will be readily appreciated by those skilled in the art that modes and details of
the embodiments can be modified in various ways without departing from the spirit and
scope of the present invention. The present invention therefore should not be
construed as being limited to the description of the embodiments. Note that in
structures of the present invention described below, reference numerals denoting the
same portions are used in common in different drawings.

[0024]
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Note that the size, the layer thickness, the signal waveform, or the region of
each component illustrated in drawings and the like in embodiments is exaggerated for
clarity in some cases. Thus, embodiments of the present invention are not limited to
such scales.

[0025]

Note that in this specification, terms such as "first", "second", "third", and
"N-th" (N is a natural number) are used in order to avoid confusion among components
and do not limit the number. The natural number is 1 or more unless otherwise
specified.

[0026]
(Embodiment 1)

In this embodiment, a liquid crystal display device in one embodiment of the
present invention is described with reference to FIGS. 1A and 1B, FIGS. 2A to 2C,
FIGS. 3A to 3D, FIGS. 4A and 4B, FIG. 5, FIG. 6, FIG. 7, FIG. 8, FIG. 9, and FIG. 10.
[0027]
<Structure Example of Liquid Crystal Display Device>

FIG. 1A illustrates a structure example of a liquid crystal display device. The
liquid crystal display device illustrated in FIG. 1A includes a pixel portion 10; a scan
line driver circuit 11; a signal line driver circuit 12; m (m is a natural number of 12 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; and 7 (n is a natural
number) signal lines 14 which are arranged parallel or almost parallel to each other and
whose potentials are controlled by the signal line driver circuit 12. The pixel portion
10 is divided into three regions (regions 101 to 103), and each region includes a
plurality of pixels arranged in matrix.

[0028]

Note that each of the scan lines 13 is electrically connected to n pixels provided
in a given row among the plurality of pixels arranged in m rows by n columns in the
pixel portion 10. In addition, each of the signal lines 14 is electrically connected to m
pixels provided in a given column among the plurality of pixels arranged in the m rows
by the n columns.

[0029]
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FIG. 1B is an example of a circuit diagram of a pixel 15 included in the liquid
crystal display device illustrated in FIG. 1A. The pixel 15 illustrated in FIG. 1B
includes a transistor 16, a capacitor 17, and a liquid crystal element 18. A gate of the
transistor 16 is electrically connected to the scan line 13. One of a source and a drain
of the transistor 16 is electrically connected to the signal line 14. One electrode of the
capacitor 17 is electrically connected to the other of the source and the drain of the
transistor 16. The other electrode of the capacitor 17 is electrically connected to a°
wiring (also referred to as a capacitor line) that supplies a capacitor potential. One
electrode (also referred to as a pixel electrode) of the liquid crystal element 18 is
electrically connected to the other of the source and the drain of the transistor 16 and the
one electrode of the capacitor 17. The other electrode (also referred to as a counter
electrode) of the liquid crystal element 18 is electrically connected to a wiring that
supplies a counter potential.

[0030]

Note that description is made on the transistor 16 as an-channel transistor.
The capacitor potential and the counter potential can be the same potential.

[0031]
<Structure Example of Scan Line Driver Circuit 11>

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 wirings that supply first to fourth scan line
driver circuit clock signals GCK1 to GCK4, wirings that supply first to sixth pulse
width control signals PWC1 to PWC6, and first to m-th pulse output circuits 20_1 to
20_m that are connected to the scan lines 13 in the first to m-th rows.

[0032]

Note that in this embodiment, the first to k-th pulse output circuits 20_1to 20 &
(k is a natural number of less than or equal to (m/3)) are electrically connected to the
scan lines 13 provided in the region 101. In this embodiment, £ is preferably a
multiple of the number of clock signals GCK1 to GCK4 supplied to the scan line driver
circuit 11, i.e., a multiple of 4.

[0033]



10

15

20

25

30

WO 2012/014686 10 PCT/JP2011/066026

In addition, the (k+1)th to 2k-th pulse output circuits 20_(k+1) to 20 2k are
electrically connected to the scan lines 13 provided in the region 102. Further, the
(2k+1)th to m-th pulse output circuits 20_(2k+1) to 20_m are electrically connected to
the scan lines 13 provided in the region 103.

[0034]

The first to m-th pulse output circuits 20_1 to 20_m have a function of
sequentially shifting a shift pulse in each shift period in response to a scan line driver
circuit start pulse GSP which is input to the first pulse output circuit 20_1. Further, a
plurality of shift pulses can be shifted in the first to m-th pulse output circuits 20 _1 to
20_m concurrently. In other words, even in a period during which a shift pulse is
shifted in the first to m-th pulse output circuits 20 _1 to 20_m, the scan line driver circuit
start pulse GSP can be input to the first pulse output circuit 20_1.

[0035]

FIG. 2B illustrates examples of specific waveforms of the signals. The first
scan line driver circuit clock signal GCK1 in FIG. 2B periodically repeats a high power
supply potential Vdd (hereinafter referred to as a high-level potential) and a low power
supply potential Vss (hereinafter referred to as a low-level potential) and has a duty
ratio of 1/4. The phase of the second scan line driver circuit clock signal GCK?2 is
shifted from the first scan line driver circuit clock signal GCK1 by 1/4 period. The
phase of the third scan line driver circuit clock signal GCK3 is shifted from the first
scan line driver circuit clock signal GCK1 by 1/2 period. The phase of the fourth scan
line driver circuit clock signal GCK4 is shifted from the first scan line driver circuit
clock signal GCK1 by 3/4 period.

[0036]

The first pulse width control signal PWC1 in FIG. 2B periodically repeats the
high-level potential and the low-level potential and has a duty ratio of 1/3. The phase
of the second pulse width control signal PWC2 is shifted from the first pulse width
control signal PWC1 by 1/6 period. The phase of the third pulse width control signal
PWC3 is shifted from the first pulse width control signal PWC1 by 1/3 period. The
phase of the fourth pulse width control signal PWC4 is shifted from the first pulse width
control signal PWC1 by 1/2 period. The phase of the fifth pulse width control signal



10

15

20

25

30

WO 2012/014686 11 PCT/JP2011/066026

PWCS is shifted from the first pulse width control signal PWC1 by 2/3 period. The
phase of the sixth pulse width control signal PWC6 is shifted from the first pulse width
control signal PWC1 by 5/6 period.

[0037]
Note that here, the ratio of the pulse width of each of the first to fourth scan

line driver circuit clock signals GCK1 to GCK4 to the pulse width of each of the first to
sixth pulse width control signals PWC1 to PWC6 is 3:2.
[0038]

In the liquid crystal display device, circuits with the same structure can be used
as the first to m-th pulse output circuits 20 1 to 20_m. Note that electrical connection
relations of a plurality of terminals included in the pulse output circuit differ depending
on the pulse output circuits. Specific connection relations are described with reference
to FIGS. 2A and 2C.

[0039]

Each of the first to m-th pulse output circuits 20_1 to 20_m has terminals 21 to
27. The terminals 21 to 24 and the terminal 26 are input terminals. The terminals 25
and 27 are output terminals.

[0040]

First, the terminal 21 is described. The terminal 21 in the first pulse output
circuit 20_1 is electrically connected to a wiring that supplies the scan line driver circuit
start signal GSP. The terminal 21 in each of the second to m-th pulse output circuits
20_2 to 20_m is electrically connected to the terminal 27 in the pulse output circuit in
the preceding stage.

[0041]

Next, the terminal 22 is described. The terminal 22 in the (4a-3)th pulse
output circuit (¢ is a natural number of less than or equal to (m/4)) is electrically
connected to the wiring that supplies the first scan line driver circuit clock signal GCK1.
The terminal 22 in the (4a-2)th pulse output circuit is electrically connected to the
wiring that supplies the second scan line driver circuit clock signal GCK2. The
terminal 22 in the (4a-1)th pulse output circuit is electrically connected to the wiring

that supplies the third scan line driver circuit clock signal GCK3. The terminal 22 in
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the 4a-th pulse output circuit is electrically connected to the wiring that supplies the
fourth scan line driver circuit clock signal GCK4.
[0042]

Then, the terminal 23 is described. The terminal 23 in the (4a-3)th pulse
output circuit is electrically connected to the wiring that supplies the second scan line
driver circuit clock signal GCK2. The terminal 23 in the (4a-2)th pulse output circuit
is electrically connected to the wiring that supplies the third scan line driver circuit
clock signal GCK3. The terminal 23 in the (4a-1)th pulse output circuit is electrically
connected to the wiring that supplies the fourth scan line driver circuit clock signal
GCK4. The terminal 23 in the 4a-th pulse output circuit is electrically connected to
the wiring that supplies the first scan line driver circuit clock signal GCK1.

[0043]

Next, the terminal 24 is described. The terminal 24 in the (2b-1)th pulse
output circuit (b is a natural number of less than or equal to (k/2)) is electrically
connected to the wiring that supplies the first pulse width control signal PWC1. The
terminal 24 in the 2b-th pulse output circuit is electrically connected to the wiring that
supplies the fourth pulse width control signal PWC4. The terminal 24 in the (2c-1)th
pulse output circuit (c is a natural number of more than or equal to ((k/2) + 1) and less
than or equal to k) is electrically connected to the wiring that supplies the second pulse
width control signal PWC2. The terminal 24 in the 2c-th pulse output circuit is
electrically connected to the wiring that supplies the fifth pulse width control signal
PWCS. The terminal 24 in the (2d-1)th pulse output circuit (d is a natural number of
more than or equal to (k+1) and less than or equal to (m/2)) is electrically connected to
the wiring that supplies the third pulse width control signal PWC3. The terminal 24 in
the 2d-th pulse output circuit is electrically connected to the wiring that supplies the
sixth pulse width control signal PWC6.

[0044]

Then, the terminal 25 is described. The terminal 25 in the x-th pulse output
circuit (x is a natural number of m or less) is electrically connected to the scan line 13 x
in the x-th row.

[0045]
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Next, the terminal 26 is described. The terminal 26 in the y-th pulse output
circuit (y is a natural number of less than or equal to (m-1)) is electrically connected to
the terminal 27 in the (y+1)th pulse output circuit. The terminal 26 in the m-th pulse
output circuit is electrically connected to a wiring that supplies an m-th pulse output
circuit stop signal STP.

[0046]

Note that if an (m+1)th pulse output circuit is provided, the m-th pulse output
circuit stop signal STP corresponds to a signal output from the terminal 27 in the
(m+1)th pulse output circuit.  Specifically, the m-th pulse output circuit stop signal STP
can be supplied to the m-th pulse output circuit by provision of the (m+1)th pulse output
circuit as a dummy circuit or by direct input of the signal from the outside.

[0047]

The connection relation of the terminal 27 in each of the pulse output circuits is
described above. Thus, the above description is referred to here.
[0048]
<Structure Example of Pulse Output Circuit>

FIG. 3A illustrates a structure example of the pulse output circuit illustrated in
FIGS. 2A and 2C. The pulse output circuit illustrated in FIG. 3A includes transistors
31 to 39.

[0049]

One of a source and a drain of the transistor 31 is electrically connected to a
wiring that supplies the high power supply potential Vdd (hereinafter also referred to as
a high power supply potential line). A gate of the transistor 31 is electrically
connected to the terminal 21.

[0050]

One of a source and a drain of the transistor 32 is electrically connected to a
wiring that supplies the low power supply potential Vss (hereinafter also referred to as a
low power supply potential line). The other of the source and the drain of the
transistor 32 is electrically connected to the other of the source and the drain of the
transistor 31.

[0051]
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One of a source and a drain of the transistor 33 is electrically connected to the
terminal 22. The other of the source and the drain of the transistor 33 is electrically
connected to the terminal 27. A gate of the transistor 33 is electrically connected to the
other of the source and the drain of the transistor 31 and the other of the source and the
drain of the transistor 32.

[0052]

One of a source and a drain of the transistor 34 is electrically connected to the
low power supply potential line. The other of the source and the drain of the transistor
34 is electrically connected to the terminal 27. A gate of the transistor 34 is
electrically connected to a gate of the transistor 32.

[0053]

One of a source and a drain of the transistor 35 is electrically connected to the
low power supply potential line. The other of the source and the drain of the transistor
35 is electrically connected to the gate of the transistor 32 and the gate of the transistor
34. A gate of the transistor 35 is electrically connected to the terminal 21.

[0054]

One of a source and a drain of the transistor 36 is electrically connected to the
high power supply potential line. The other of the source and the drain of the
transistor 36 is electrically connected to the gate of the transistor 32, the gate of the
transistor 34, and the other of the source and the drain of the transistor 35. A gate of
the transistor 36 is electrically connected to the terminal 26.

[0055]

One of a source and a drain of the transistor 37 is electrically connected to the
high power supply potential line. The other of the source and the drain of the
transistor 37 is electrically connected to the gate of the transistor 32, the gate of the
transistor 34, the other of the source and the drain of the transistor 35, and the other of
the source and the drain of the transistor 36. A gate of the transistor 37 is electrically
connected to the terminal 23.

[0056]

One of a source and a drain of the transistor 38 is electrically connected to the

terminal 24. The other of the source and the drain of the transistor 38 is electrically

connected to the terminal 25. A gate of the transistor 38 is electrically connected to the
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other of source and the drain of the transistor 31, the other of the source and the drain of
the transistor 32, and the gate of transistor 33.
[0057]

One of a source and a drain of the transistor 39 is electrically connected to the
low power supply potential line. The other of the source and the drain of the transistor
39 is electrically connected to the terminal 25. A gate of the transistor 39 is
electrically connected to the gate of the transistor 32, the gate of the transistor 34, the
other of the source and the drain of the transistor 35, the other of the source and the
drain of the transistor 36, and the other of the source and the drain of the transistor 37.
[0058]

Note that in the following description, a node to which the other of the source
and the drain of the transistor 31, the other of the source and the drain of the transistor
32, the gate of the transistor 33, and the gate of the transistor 38 are electrically
connected is referred to as a node A. In addition, a node to which the gate of the
transistor 32, the gate of the transistor 34, the other of the source and the drain of the
transistor 35, the other of the source and the drain of the transistor 36, the other of the
source and the drain of the transistor 37, and the gate of the transistor 39 are electrically
connected is referred to as a node B.

[0059]
<Operation Example of Pulse Output Circuit>

An operation example of the pulse output circuit is described with reference to
FIGS. 3B to 3D. Note that here, the following case is described: an operation example
at the time when timing of inputting the scan line driver circuit start pulse GSP to the
terminal 21 in the first pulse output circuit 20_1 is controlled so that shift pulses are
output from the terminals 27 in the first pulse output circuit 20_1, the (k+1)th pulse
output circuit 20_(k+1), and the (2k+1)th pulse output circuit 20_(2k+1) at the same
timing.

[0060]

As a specific example, FIG. 3B illustrates the potentials of signals input to the

terminals in the first pulse output circuit 20_1 and the potentials of the node A and the

node B at the time when the scan line driver circuit start pulse GSP is input. FIG. 3C
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illustrates the potentials of signals input to the terminals in the (k+1)th pulse output
circuit 20_(k+1) and the potentials of the node A and the node B at the time when the
high-level potential is input from the k-th pulse output circuit 20 k. FIG. 3D illustrates
the potentials of signals input to the terminals in the (2k+1)th pulse output circuit
20_(2k+1) and the potentials of the node A and the node B at the time when the
high-level potential is input from the 2k-th pulse output circuit 20 2k.

[0061]

Note that in FIGS. 3B to 3D, the signals input to the terminals are provided in
parentheses. Further, FIGS. 3B to 3D illustrate signals (Gout 2, Gout k+2, and Gout
2k+2) output from the terminals 25 in the pulse output circuits (the second pulse output
circuit 20_2, the (k+2)th pulse output circuit 20_(k+2), and the (2k+2)th pulse output
circuit 20_(2k+2)) provided in subsequent stages, and output signals of the terminals 27
in the pulse output circuits provided in subsequent stages (SRout 2: an input signal of
the terminal 26 in the first pulse output circuit 20_1, SRout k+2: an input signal of the
terminal 26 in the (k+1)th pulse output circuit 20_(k+1), and SRout 2k+2: an input
signal of the terminal 26 in the (2k+1)th pulse output circuit 20_(2k+1)). Note that in
FIGS. 3B and 3C, Gout represents an output signal from the pulse output circuit to the
scan line, and SRout represents an output signal from the pulse output circuit to the

pulse output circuit in the subsequent stage.
[0062]

First, the case where the high-level potential is input to the first pulse output
circuit 20_1 as the scan line driver circuit start pulse GSP is described with reference to
FIG. 3B.

[0063]

In a period t1, the high-level potential is input to the terminal 21. Thus, the
transistors 31 and 35 are turned on.  As a result, the potential of the node A is increased
to a potential that is decreased from the high-level potential by the threshold voltage of
the transistor 31, and the potential of the node B is decreased to the low-level potential.
Consequently, the transistors 33 and 38 are turned on and the transistors 32, 34, and 39
are turned off.

[0064]
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Thus, in the period t1, a signal output from the terminal 27 is a signal input to
the terminal 22, and a signal output from the terminal 25 is a signal input to the terminal
24. Here, in the period t1, both the signal input to the terminal 22 and the signal input
to the terminal 24 have the low-level potentials. Accordingly, in the period t1, the first
pulse output circuit 20_1 outputs the low-level potential to the terminal 21 in the second
pulse output circuit 20_2 and the scan line provided in the first row in the pixel portion.
[0065]

In a period t2, signals input to the terminals are not changed from those in the
period tl. Thus, the signals output from the terminals 25 and 27 are not changed, and
the low-level potentials are output from the terminals 25 and 27.

[0066]

In a period t3, the high-level potential is input to the terminal 24. Note that
the potential of the node A (the potential of the source of the transistor 31) is increased
to the potential which is decreased from the high-level potential by the threshold voltage
of the transistor 31 in the period t1. Thus, the transistor 31 is off. At this time, the
high-level potential is input to the terminal 24, so that the potential of the node A (the
potential of the gate of the transistor 38) is further increased by capacitive coupling of
the source and the gate of the transistor 38 (bootstrap operation). ~ Since the potential of
the node A is increased by the bootstrap operation, the potential of the signal output
from the terminal 25 is not decreased from the high-level potential input to the terminal
24.  Accordingly, in the period t3, the first pulse output circuit 20_1 outputs the
high-level potential (a selection signal) to the scan line provided in the first row in the
pixel portion.

[0067]

In a period t4, the high-level potential is input to the terminal 22. Here, since
the potential of the node A is increased by the bootstrap operation, the potential of the
signal output from the terminal 27 is not decreased from the high-level potential input to
the terminal 22. Accordingly, in the period t4, the terminal 27 outputs the high-level
potential which is input to the terminal 22. In other words, the first pulse output circuit
20_1 outputs the high-level potential (a shift pulse) to the terminal 21 in the second

pulse output circuit 20_2. In the period t4, a signal input to the terminal 24 is kept at
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the high-level potential; thus, the signal which is output from the first pulse output
circuit 20_1 to the scan line provided in the first row in the pixel portion is kept at the
high-level potential (the selection signal). Note that the transistor 35 is turned off
because the low-level potential is input to the terminal 21, which does not directly
influence output signals of the pulse output circuit in the period t4.

[0068]

In a period t5, the low-level potential is input to the terminal 24. Here, the
transistor 38 is kept on. Accordingly, in the period t5, a signal output from the first
pulse output circuit 20_1 to the scan line provided in the first row in the pixel portion
has the low-level potential.

[0069]

In a period t6, signals input to the terminals are not changed from those in the
period t5. Thus, the signals output from the terminals 25 and 27 are not changed, the
low-level potential is output from the terminal 25, and the high-level potential (the shift
pulse) is output from the terminal 27.

[0070]

In a period t7, the high-level potential is input to the terminal 23. Thus, the
transistor 37 is turned on.  Accordingly, the potential of the node B is increased from a
potential which is decreased from the high-level potential by the threshold voltage of
the transistor 37. That is, the transistors 32, 34, and 39 are turned on. Consequently,
the potential of the node A is decreased to the low-level potential. That is, the
transistors 33 and 38 are turned off. Thus, in the period t7, both the signals output
from the terminals 25 and 27 have the low-level potentials. In other words, in the
period t7, the first pulse output circuit 20_1 outputs the low-level potential to the
terminal 21 in the second pulse output circuit 20_2 and the scan line provided in the
first row in the pixel portion.

[0071]

Next, the case where the high-level potential is input as a shift pulse from the
k-th pulse output circuit 20_k to the terminal 21 in the (k+1)th pulse output circuit
20_(k+1) is described with reference to FIG. 3C.

[0072]
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In the period t1 and the period t2, the operation of the (k+1)th pulse output
circuit 20_(k+1) is performed in a manner similar to that of the first pulse output circuit
20_1. Thus, the above description is referred to here.

[0073]

In the period t3, signals input to the terminals are not changed from those in the
period t2. Thus, the signals output from the terminals 25 and 27 are not changed, and
the low-level potentials are output from the terminals 25 and 27.

[0074]

In the period t4, the high-level potential is input to the terminals 22 and 24.
Note that the potential of the node A (the potential of the source of the transistor 31) is
increased to the potential which is decreased from the high-level potential by the
threshold voltage of the transistor 31 in the period t1. Thus, the transistor 31 is off in
the period t1. Here, the high-level potential is input to the terminals 22 and 24, so that
the potential of the node A (the potentials of the gates of the transistors 33 and 38) is
further increased by capacitive coupling of the source and the gate of the transistor 33
and capacitive coupling of the source and the gate of the transistor 38 (bootstrap
operation). By the bootstrap operation, the potentials of the signals output from the
terminals 25 and 27 are not decreased from the high-level potential input to the
terminals 22 and 24. Thus, in the period t4, the (k+1)th pulse output circuit 20_(k+1)
outputs the high-level potential (the selection signal or the shift pulse) to the scan line
provided in the (k+1)th row in the pixel portion and the terminal 21 in the (k+2)th pulse
output circuit 20_(k+2).

[0075]

In the period t5, signals input to the terminals are not changed from those in the
period t4. Thus, the signals output from the terminals 25 and 27 are not changed, and
the high-level potential (the selection signal or the shift pulse) is output.

[0076]

In the period t6, the low-level potential is input to the terminal 24. Here, the
transistor 38 is kept on.  Accordingly, in the period t6, a signal output from the (k+1)th
pulse output circuit 20_(k+1) to the scan line provided in the first row in the pixel

portion has the low-level potential.
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[0077]

In the period t7, the high-level potential is input to the terminal 23. Thus, the
transistor 37 is turned on. Accordingly, the potential of the node B is increased from
the potential which is decreased from the high-level potential by the threshold voltage
of the transistor 37. That is, the transistors 32, 34, and 39 are turned on.
Consequently, the potential of the node A is decreased to the low-level potential. That
is, the transistors 33 and 38 are turned off. Thus, in the period t7, both the signals
output from the terminals 25 and 27 have the low-level potentials. In other words, in
the period t7, the (k+1)th pulse output circuit 20_(k+1) outputs the low-level potential to
the terminal 21 in the (k+2)th pulse output circuit 20_(k+2) and the scan line provided in
the (k+1)th row in the pixel portion.

[0078]

Next, the case where the high-level potential is input as a shift pulse from the
2k-th pulse output circuit 20_2k to the terminal 21 in the (2k+1)th pulse output circuit
20_(2k+1) is described with reference to FIG. 3D.

[0079]

In the periods tl1 to t3, the operation of the (2k+1)th pulse output circuit
20_(2k+1) is performed in a manner similar to that of the (k+1)th pulse output circuit
20_(k+1). Thus, the above description is referred to here.

[0080]

In the period t4, the high-level potential is input to the terminal 22. Note that
the potential of the node A (the potential of the source of the transistor 31) is increased
to the potential which is decreased from the high-level potential by the threshold voltage
of the transistor 31 in the period t1. Thus, the transistor 31 is off in the period t1.
Here, the high-level potential is input to the terminal 22, so that the potential of the node
A (the potential of the gate of the transistor 33) is further increased by capacitive
coupling of the source and the gate of the transistor 33 (bootstrap operation). By the
bootstrap operation, the potential of the signal output from the terminal 27 is not
decreased from the high-level potential input to the terminal 22.  Thus, in the period t4,
the (2k+1)th pulse output circuit 20_(2k+1) outputs the high-level potential (the shift
pulse) to the terminal 21 in the (2k+2)th pulse output circuit 20_(24k+2). Note that the
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transistor 35 is turned off because the low-level potential is input to the terminal 21,
which does not directly influence output signals of the pulse output circuit in the period
t4.

[0081]

In the period t5, the high-level potential is input to the terminal 24. Here,
since the potential of the node A is increased by the bootstrap operation, the potential of
the signal output from the terminal 25 is not decreased from the high-level potential
input to the terminal 24. Accordingly, in the period t5, the terminal 25 outputs the
high-level potential which is input to the terminal 24. In other words, the (2k+1)th
pulse output circuit 20_(24+1) outputs the high-level potential (the selection signal) to a
scan line provided in a (2k+1)th row in the pixel portion. In the period t5, a signal
input to the terminal 22 is kept at the high-level potential; thus, the signal which is
output from the (2k+1)th pulse output circuit 20_(2k+1) to the terminal 21 in the
(2k+2)th pulse output circuit 20_(2k+2) is kept at the high-level potential (the shift
pulse).

[0082]

In the period t6, signals input to the terminals are not changed from those in the
period t5. Thus, the signals output from the terminals 25 and 27 are not changed, and
the high-level potentials (the selection signals or the shift pulses) are output from the
terminals 25 and 27.

[0083]

In the period t7, the high-level potential is input to the terminal 23. Thus, the
transistor 37 is turned on. Accordingly, the potential of the node B is increased from
the potential which is decreased from the high-level potential by the threshold voltage
of the transistor 37. That is, the transistors 32, 34, and 39 are turned on.
Consequently, the potential of the node A is decreased to the low-level potential. That
is, the transistors 33 and 38 are turned off. Thus, in the period t7, both the signals
output from the terminals 25 and 27 have the low power supply potentials. In other
words, in the period t7, the (2k+1)th pulse output circuit 20_(2k+1) outputs the low
power supply potential to the terminal 21 in the (2k+2)th pulse output circuit 20_(2k+2)

and the scan line provided in the (2k+1)th row in the pixel portion.
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[0084]
As illustrated in FIGS. 3B to 3D, timing of inputting the scan line driver circuit

start pulse GSP is controlled in the first to m-th pulse output circuits 20_1 to 20_m, so
that a plurality of shift pulses can be shifted concurrently. Specifically, after the scan
line driver circuit start pulse GSP is input, the scan line driver circuit start pulse GSP is
input again at the same timing as the output of a shift pulse from the terminal 27 in the
k-th pulse output circuit 20_k, so that shift pulses can be output at the same timing from
the first pulse output circuit 20_1 and the (k+1)th pulse output circuit 20_(k+1).
Similarly, the scan line driver circuit start pulse GSP is input, so that shift pulses can be
output from the first pulse output circuit 20_1, the (k+1)th pulse output circuit 20_(k+1),
and the (2k+1)th pulse output circuit 20_(2k+1) at the same timing.

[0085]

In addition, the first pulse output circuit 20_1, the (k+1)th pulse output circuit
20_(k+1), and the (2k+1)th pulse output circuit 20_(2k+1) can supply selection signals
to the scan lines at different timings in parallel to the operation. In other words, the
scan line driver circuit can shift a plurality of shift pulses having specific shift periods,
and a plurality of pulse output circuits to which shift pulses are input at the same timing
can supply selection signals to the scan lines at different timings.

[0086]
<Structure Example of Signal Line Driver Circuit 12>

FIG. 4A illustrates a structure example of the signal line driver circuit 12
included in the liquid crystal display device illustrated in FIG. 1A. The signal line
driver circuit 12 illustrated in FIG. 4A includes a shift register 120 having first to n-th
output terminals, a wiring that supplies a video signal DATA, and transistors 121 1 to
121_n. One of a source and a drain of the transistor 121_1 is electrically connected to
the wiring that supplies the video signal DATA. The other of the source and the drain
of the transistor 121_1 is electrically connected to a signal line 14_1 provided in a first
column in the pixel portion. A gate of the transistor 121_1 is electrically connected to
the first output terminal of the shift register 120. One of a source and a drain of the
transistor 121_n is electrically connected to the wiring that supplies the video signal

DATA. The other of the source and the drain of the transistor 121_n is electrically
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connected to a signal line 14_n provided in an n-th column in the pixel portion. A gate
of the transistor 121_n is electrically connected to the n-th output terminal of the shift
register 120.

[0087]

Note that the shift register 120 has a function of sequentially outputting a
high-level potential from the first to n-th output terminals in each shift period in
response to a signal line driver circuit start pulse SSP.  That is, the transistors 121 1 to
121_n are sequentially turned on in each shift period.

[0088]

FIG. 4B illustrates an example of timing of a video signal supplied through the
wiring that supplies the video signal DATA. As illustrated in FIG. 4B, the wiring that
supplies the video signal DATA supplies a video signal (data 1) for a pixel provided in
the first row in the period t4, a video signal (data k+1) for a pixel provided in the
(k+1)th row in the period t5, a video signal (data 2k+1) for a pixel provided in the
(2k+1)th row in the period t6, and a video signal (data 2) for a pixel provided in the
second row in the period t7. In this manner, the wiring that supplies the video signal
DATA supplies video signals for pixels provided in given rows sequentially. When it
is generalized, the wiring that supplies the video signal DATA sequentially supplies a
video signal for a pixel provided in the s-th row (s is a natural number of less than k), a
video signal for a pixel provided in the (k+s)th row, a video signal for a pixel provided
in the (2k+s)th row, and a video signal for a pixel provided in the (s+1)th row.

[0089]

By the operation of the scan line driver circuit and the signal line driver circuit,
video signals can be input to the pixels provided in three rows in the pixel portion in
each shift period of the pulse output circuit included in the scan line driver circuit.
[0090]
<Structure Example of Backlight>

FIG. 5 illustrates a structure example of a backlight provided behind the pixel
portion 10 in the liquid crystal display device illustrated in FIG. 1A. The backlight
illustrated in FIG. 5 includes a plurality of backlight units 40 each including light

sources of six colors: red (also referred to as R1 or first red) in a first red wavelength
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band, green (also referred to as G1 or first green) in a first green wavelength band, blue
(also referred to as B1 or first blue) in a first blue wavelength band, red (also referred to
as R2 or second red) in a second red wavelength band, green (also referred to as G2 or
second green) in a second green wavelength band, and blue (also referred to as B2 or
second blue) in a second blue wavelength band.

[0091]

Note that the plurality of backlight units 40 are arranged in matrix and lighting
of the backlight units 40 can be controlled in each given region. Here, the backlight
units 40 are provided at least every 7 rows (¢ is a natural number of (k/N) (N is a natural
number) and is (k/4) in this embodiment, for example) as a backlight for the plurality of
pixels 15 provided in the m rows by the n columns, and lighting of the backlight units
40 can be controlled independently. In other words, the backlight includes at least a
backlight unit for the first to z-th rows to a backlight unit for the (2k+37+1)th to m-th
rows, and lighting of the backlight units 40 can be controlled independently.

[0092]

Further, in the backlight unit 40, lighting of the light sources of the six colors
(R1, R2, G1, G2, B1, and B2) can be controlled independently. In other words, in the
backlight unit 40, when the light source of any one of R1, R2, G1, G2, B1, and B2 is lit,
the pixel portion 10 can be irradiated with light of any one of R1, R2, G1, G2, B1, and
B2.

[0093]

Note that as in the description in FIG. 13B, the first red wavelength band R1 is
a red wavelength band on a short wavelength side. The second red wavelength band
R2 is a red wavelength band on a long wavelength side. The first green wavelength
band G1 is a green wavelength band on a short wavelength side. The second green
wavelength band G2 is a green wavelength band on a long wavelength side. The first
blue wavelength band B1 is a blue wavelength band on a short wavelength side. The
second blue wavelength band B2 is a blue wavelength band on a long wavelength side.
[0094]

Note that the wavelength band on the long wavelength side and the wavelength
band on the short wavelength side of each color may be wavelength bands based on the

characteristics of a spectral filter for left eye and a spectral filter for right eye that are
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included in eyeglasses for visually identifying an image in a liquid crystal display
device.

[0095]

<Operation Example of Liquid Crystal Display Device>

FIG. 6 illustrates timing of scanning selection signals in the liquid crystal
display device and timing of lighting the backlight unit for the first to t-th rows to the
backlight unit for the (2k+3z+1)th to m-th rows included in the backlight. Note that in
FIG. 6, the vertical axis represents rows (the first to m-th rows) in the pixel portion, and
the horizontal axis represents time.

[0096]

As illustrated in FIG. 6, in the liquid crystal display device, selection signals are
not sequentially supplied to the scan lines provided in the first to m-th rows, but the
selection signals can be sequentially supplied to the scan lines with an interval of k rows
in the following order: the scan line provided in the first row; the scan line provided in
the (k+1)th row; the scan line provided in the (2k+1)th row; and the scan line provided
in the second row. Thus, in a period T1, n pixels provided in the first row to n pixels
provided in the z-th row are sequentially selected, n pixels provided in the (k+1)th row
to n pixels provided in the (k+f)th row are sequentially selected, and n pixels provided in
the (2k+1)th row to the n pixels 15 provided in the (2k+f)th row are sequentially
selected, so that video signals can be input to the pixels.

[0097]

In a period Ta including the period T1, video signals for controlling
transmission of light of a first color are input to the plurality of pixels provided in the
first to k-th rows. In addition, in the period Ta, video signals for controlling
transmission of light of a second color are input to the plurality of pixels provided in the
(k+1)th to 2k-th rows. Further, in the period Ta, video signals for controlling
transmission of light of a third color are input to the plurality of pixels provided in the
(2k+1)th to m-th rows.

[0098]
In the period T1 illustrated in FIG. 6, video signals for controlling transmission

of light from the light source of R2 that is light of the first color are input to the n pixels
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provided in the first row to the n pixels provided in the ¢-th row, video signals for
controlling transmission of light from the light source of B1 that is light of the second
color are input to the n pixels provided in the (k+1)th row to the r pixels provided in the
(k+t)th row, and video signals for controlling transmission of light from the light source
of G1 that is light of the third color are input to the n pixels provided in the (2k+1)th
row to the n pixels provided in the (2k+t)th row.

[0099]

In the period Ta including the period T1 illustrated in FIG. 6, the light source of
R2 that is the first color can be lit in the backlight unit for the first to ¢-th rows, the light
source of B1 that is the second color can be lit in the backlight unit for the (k+1)th to
(k+1)th rows, and the light source of G1 that is the third color can be lit in the backlight
unit for the (2k+1)th to (2k+f)th rows.

[0100]

Similarly, in a period Tb including a period T2, video signals for controlling
transmission of light of a first color are input to the plurality of pixels provided in the
first to k-th rows. In addition, in the period Tb, video signals for controlling
transmission of light of a second color are input to the plurality of pixels provided in the
(k+1)th to 2k-th rows. Further, in the period Tb, video signals for controlling
transmission of light of a third color are input to the plurality of pixels provided in the
(2k+1)th to m-th rows.

[0101]

In the period T2 illustrated in FIG. 6, video signals for controlling transmission
of light from the light source of G2 that is light of the first color are input to the n pixels
provided in the first tow to the n pixels provided in the #-th row, video signals for
controlling transmission of light from the light source of R2 that is light of the second
color are input to the n pixels provided in the (k+1)th row to the n pixels provided in the
(k+t)th row, and video signals for controlling transmission of light from the light source
of B1 that is light of the third color are input to the n pixels provided in the (2k+1)th
row to the n pixels provided in the (2k+¢)th row.

[0102]
In the period Tb including the period T2 illustrated in FIG. 6, the light source of
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G2 that is the first color can be lit in the backlight unit for the first to z-th rows, the light
source of R2 that is the second color can be lit in the backlight unit for the (k+1)th to
(k+)th rows, and the light source of B1 that is the third color can be lit in the backlight
unit for the (2k+1)th to (2k+¢)th rows.

[0103]

As in the periods Ta and Tb, in the liquid crystal display device illustrated in
FIG. 6, video signals for controlling transmission of light from the light sources of R1,
G1, B1, R2, G2, and B2 are input to the n pixels provided in the first row to the n pixels
provided in the #-th row, and then, irradiation with light from the light sources in
accordance with the video signals is sequentially performed. Similarly, video signals
for controlling transmission of light from the light sources of R1, G1, B1, R2, G2, and
B2 are input to n pixels provided in the (r+1)th row to n pixels provided in the 2¢-th row
and n pixels provided in the (2k+3¢+1)th row to n pixels provided in the m-th row, and
then, irradiation with light from the light sources in accordance with the video signals is
sequentially performed.

[0104]

As illustrated in FIG. 7, with the use of eyeglasses 702 including a spectral
filter 703A for left eye and a spectral filter 703B for right eye, different images can be
visually identified with left eye 723 and right eye 724 in the pixel portion 10 on which
the images are displayed by the operation of the liquid crystal display device in FIG. 6.
[0105]

Next, FIG. 8 illustrates scanning of selection signals in the liquid crystal display
device while the light sources of R1, G1, and Bl in which transmission of light seen
with the left eye 723 through the spectral filter 703A for the left eye is controlled is
focused and timing of lighting the backlight unit for the first to z-th rows to the
backlight unit for the (2k+3¢+1)th to m-th rows included in the backlight. Note that in
FIG. 8, the vertical axis represents rows (the first to m-th rows) in the pixel portion, and
the horizontal axis represents time.

[0106]

FIG. 8 differs from FIG. 6 in that irradiation with light from the light sources of

R1, G1, and B1 that is seen with the left eye 723 through the spectral filter 703A for the
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left eye and input of video signals for controlling transmission of the light are illustrated
and that irradiation with light from the light sources of R2, G2, and B2 that is not seen
with the left eye 723 through the spectral filter 703A for the left eye is illustrated as an
unlit state. Note that in FIG. 8, irradiation with light from the light sources of R2, G2,
and B2 that is not seen with the left eye 723 and video signals for controlling
transmission of the light are represented by dotted lines.

[0107]

As shown in FIG. 8, the left eye 723 visually identifies an image (also referred
to as a first image) in a field-sequential liquid crystal display device by sequential
irradiation of light from the light sources of R1, G1, and Bl. In addition, the left eye
723 perceives a period in which sequential irradiation with light from the light sources
of R2, G2, and B2 that is not seen through the spectral filter 703A for the left eye as an
unlit state; thus, the period is perceived as a black display period. In other words,
when black display is represented by K, the left eye 723 sees sequential irradiation with
light from R1, G1, B1, K, K, and K.

[0108]

As in FIG. 8, FIG. 9 illustrates scanning of selection signals in the liquid crystal
display device while the light sources of R2, G2, and B2 in which transmission of light
seen with the right eye through the spectral filter for the right eye is controlled is
focused and timing of lighting the backlight unit for the first to z-th rows to the
backlight unit for the (2k+3¢+1)th to m-th rows included in the backlight. Note that in
FIG. 9, the vertical axis represents rows (the first to m-th rows) in the pixel portion, and
the horizontal axis represents time.

[0109]

FIG. 9 differs from FIG. 6 in that irradiation with light from the light sources of
R2, G2, and B2 that is seen with the right eye 724 through the spectral filter 703B for
the right eye and input of video signals for controlling transmission of the light are
illustrated and that irradiation with light from the light sources of R1, G1, and B1 that is
not seen with the right eye 724 through the spectral filter 703B for the right eye is
illustrated as an unlit state. Note that in FIG. 9, irradiation with light from the light
sources of R1, G1, and B1 that is not seen with the right eye 724 and video signals for

controlling the transmission of the light are represented by dotted lines.
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[0110]

As shown in FIG. 9, the right eye 724 visually identifies an image (also referred
to as a second image) in the field-sequential liquid crystal display device by sequential
irradiation of light from the light sources of R2, G2, and B2. In addition, the right eye
724 perceives a period in which sequential irradiation with light from the light sources
of R1, G1, and B1 that is not seen through the spectral filter 703B for the right eye as an
unlit state; thus, the period is perceived as a black display period. In other words,
when black display is represented by K, the right eye 724 sees sequential irradiation
with light from K, K, K, R2, G2, and B2.

[0111]

Accordingly, a viewer visually identify the first image and the second image
that are displayed by the field-sequential method separately with the left eye 723 and the
right eye 724 by the wavelength division method. The viewer can simulate parallax at
the time when a stereoscopic object is visually identified; thus, a stereoscopic image can
be displayed.

[0112]

Note that the shape of the eyeglasses 702 is not limited to the shape illustrated
in FIG. 7. Any shape may be employed as long as the spectral filter 703A for the left
eye or the spectral filter 703B for the right eye transmits light when an image is visually
identified with the left eye 723 or the right eye 724.

[0113]
<Liquid Crystal Display Device Disclosed in This Embodiment>

In the liquid crystal display device in this embodiment, input of video signals
and lighting of the backlight can be concurrently performed. Thus, the frequency of
input of video signals to pixels in the liquid crystal display device can be increased, for
example. Accordingly, color breakup generated in the field-sequential liquid crystal
display device can be suppressed, and the quality of an image displayed by the liquid
crystal display device can be improved.

[0114]

In the liquid crystal display device disclosed in this embodiment, a pseudo

stereoscopic image can be displayed by the simple operation. The ppi of the liquid

crystal display device in this embodiment can be increased by field-sequential drive,
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and a stereoscopic image can be displayed by separation of an image for left eye and an
image for right eye by the wavelength division method. As compared to pseudo
stereoscopic display by a frame-sequential method, the decrease in image quality due to
opening and closing of a shutter for left eye and a shutter for right eye provided in
eyeglasses and crosstalk of the image for the left eye and the image for the right eye can
be eliminated.

[0115]

In particular in the operation of the liquid crystal display device in this
embodiment, as illustrated in FIG. 6, FIG. 7, FIG 8, and FIG. 9, light irradiation is
sequentially performed from R1, G1, Bl, K, K, and K so that the first image visually
identified with the left eye is displayed and light irradiation is sequentially performed
from K, K, K, R2, G2, and B2 so that the second image visually identified with the right
eye is displayed. In other words, in the structure illustrated in FIG. 6, light irradiation
is successively performed from R1 (R2), G1 (G2), and B1 (B2) by the field-sequential
method, and then, black images are visually identified. Thus, loss of only data of any
of the colors due to blinking or the like of the viewer can be reduced, and it is possible
to make color breakup less likely be observed.

[0116]

Unlike FIG. 6 in which light irradiation is sequentially performed from R1, G1,
B1, R2, G2, and B2 in the light sources, FIG. 10 illustrates a comparison example in
which light irradiation is sequentially performed from R1, R2, G1, G2, B1, and B2 in
the light sources. In the example illustrated in FIG. 10, light irradiation is sequentially
performed from R1, K, G1, K, B1, and K so that the first image visually identified with
the left eye is displayed and light irradiation is sequentially performed from K, R2, K,
G2, K, and B2 so that the second image visually identified with the right eye is
displayed. In other words, in the example illustrated in FIG. 10 that is the comparison
example of FIG. 6, black images are inserted between irradiation with R1 (R2) and
irradiation with G1 (G2), irradiation with G1 (G2) and irradiation with B1 (B2), and
irradiation with B1 (B2) and irradiation with R1 (R2) by the field-sequential method.
Only data of any of the colors due to blinking or the like of the viewer is lost, and color
breakup is easily observed.

[0117]
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From the above description, in the liquid crystal display device in this
embodiment, the frequency of input of video signals based on a plurality of light
sources can be increased, and black images can be inserted in an image display period in
the field-sequential method without complex operation. Thus, display defects due to
color breakup that is a display problem unique to the field-sequential method can be
reduced.

[0118]

Further, in the case where the backlight is lit as in the operation example
illustrated in FIG. 6, adjacent backlight units do not emit light of different colors. In
other words, in the case where the backlight is lit as in the operation example illustrated
in FIG. 6, irradiation with light of different colors from the backlight units can be
separately performed. Specifically, in the case where the backlight is lit after video
signals are input to regions in the period T1, the adjacent backlight units do not emit
light of different colors and irradiation with light of different colors from the backlight
units can be separately performed.

[0119]

For example, in the period T1, when the blue (B) light source is lit in the
backlight unit for the (k+1)th to (k+¢)th rows after video signals for controlling blue (B)
light are input to the n pixels provided in the (k+1)th row to the n pixels provided in the
(k+t)th row, the blue (B) light source is lit or lighting itself is not performed (neither the
red (R) light source nor the green (G) light source is lit) in the backlight unit for the
(3z+1)th to k-th rows and a backlight unit for the (k++1)th to (k+2¢)th rows. Thus, the
probability of transmission of light of a color that is different from a given color through
a pixel to which image data of the given color is input can be reduced.

[0120]
This embodiment or part of this embodiment can be combined with any of the
other embodiments or part of any of the other embodiments.
[0121]
(Embodiment 2)
In this embodiment, an example of a transistor that can be applied to a liquid

crystal display device disclosed in this specification is described. There is no
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particular limitation on the structure of the transistor that can be applied to the liquid
crystal display device disclosed in this specification. For example, a staggered
transistor, a planar transistor, or the like with a top-gate structure in which a gate
electrode is provided over an oxide semiconductor layer with a gate insulating layer
provided therebetween or a bottom-gate structure in which a gate electrode is provided
below an oxide semiconductor layer with a gate insulating layer provided therebetween
can be used. Further, the transistor may have a single-gate structure including one
channel formation region, a double-gate structure including two channel formation
regions, or a triple-gate structure including three channel formation regions.
Furthermore, the transistor may have a dual-gate structure including two gate electrode
layers placed over and below a channel region with a gate insulating layer provided
therebetween. Note that FIGS. 11A to 11D illustrate examples of cross-sectional
structures of transistors.

[0122]

A transistor 410 illustrated in FIG. 11A is a kind of bottom-gate transistor and is
also referred to as an inverted-staggered transistor.
[0123]

The transistor 410 includes, over a substrate 400 having an insulating surface, a
gate electrode layer 401, a gate insulating layer 402, a semiconductor layer 403, a
source electrode layer 405a, and a drain electrode layer 405b. In addition, an
insulating film 407 which covers the transistor 410 and is stacked over the
semiconductor layer 403 is provided. A protective insulating layer 409 is formed over
the insulating film 407.

[0124]

A transistor 420 illustrated in FIG. 11B is a kind of bottom-gate transistor
referred to as a channel-protective transistor (also referred to as a channel-stop
transistor) and is also referred to as an inverted-staggered transistor.

[0125] |

The transistor 420 includes, over the substrate 400 having an insulating surface,
the gate electrode layer 401, the gate insulating layer 402, the semiconductor layer 403,
an insulating layer 427 which functions as a channel protective layer for covering a

channel formation region of the semiconductor layer 403, the source electrode layer
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405a, and the drain electrode layer 405b.  Further, the protective insulating layer 409 is
formed so as to cover the transistor 420.
[0126]

A transistor 430 illustrated in FIG. 11C is a bottom-gate transistor and includes,
over the substrate 400 having an insulating surface, the gate electrode layer 401, the
gate insulating layer 402, the source electrode layer 405a, the drain electrode layer 405b,
and the oxide semiconductor layer 403. The insulating film 407 which covers the
transistor 430 and is in contact with the semiconductor layer 403 is provided. The
protective insulating layer 409 is formed over the insulating film 407.

[0127]

In the transistor 430, the gate insulating layer 402 is provided over and in
contact with the substrate 400 and the gate electrode layer 401, and the source electrode
layer 405a and the drain electrode layer 405b are provided over and in contact with the
gate insulating layer 402. Further, the semiconductor layer 403 is provided over the
gate insulating layer 402, the source electrode layer 405a, and the drain electrode layer
405b.

[0128]

A transistor 440 illustrated in FIG. 11D is a kind of top-gate transistor. The
transistor 440 includes, over the substrate 400 having an insulating surface, an
insulating layer 437, the oxide semiconductor layer 403, the source electrode layer 405a,
the drain electrode layer 405b, the gate insulating layer 402, and the gate electrode layer
401. A wiring layer 436a and a wiring layer 436b are formed in contact with and
connected to the source electrode layer 405a and the drain electrode layer 405b,
respectively.

[0129]

As a semiconductor material used for the semiconductor layer 403, amorphous
silicon, microcrystalline silicon, polysilicon, an oxide semiconductor, an organic
semiconductor, or the like can be used.

[0130]

Although there is no particular limitation on a substrate that can be used as the

substrate 400 having an insulating surface, a glass substrate formed using barium

borosilicate glass, aluminoborosilicate glass, or the like is used.
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[0131]

In the bottom-gate structure transistors 410, 420, and 430, an insulating film
serving as a base film may be provided between the substrate and the gate electrode
layer. The base film has a function of preventing diffusion of an impurity element
from the substrate, and can be formed to have a single-layer structure or a layered
structure of one or more of a silicon nitride film, a silicon oxide film, a silicon nitride
oxide film, and a silicon oxynitride film.

[0132]

The gate electrode layer 401 can be formed to have a single-layer structure or a
layered structure of a metal material such as molybdenum, titanium, chromium,
tantalum, tungsten, aluminum, copper, neodymium, or scandium, or an alloy material
which contains any of these materials as its main component.

[0133]

The gate insulating layer 402 can be formed to have a single-layer structure or
a layered structure of a silicon oxide layer, a silicon nitride layer, a silicon oxynitride
layer, a silicon nitride oxide layer, an aluminum oxide layer, an aluminum nitride layer,
an aluminum oxynitride layer, an aluminum nitride oxide layer, or a hafnium oxide
layer by plasma-enhanced CVD, sputtering, or the like. For example, a gate insulating
layer is formed in such a manner that a silicon nitride layer (SiN, (y > 0)) with a
thickness of 50 to 200 nm is formed as a first gate insulating layer by plasma-enhanced
CVD and a silicon oxide layer (SiO;, (x > 0)) with a thickness of 5 to 300 nm is formed
as a second gate insulating layer over the first gate insulating layer. For example, the
thickness of the gate insulating film is about 200 nm.

[0134]

As a conductive film used for the source electrode layer 405a and the drain
electrode layer 405b, for example, a metal film containing an element selected from Al,
Cr, Cu, Ta, Ti, Mo, or W, or a metal nitride film containing any of these elements as its
component (e.g., a titanium nitride film, a molybdenum nitride film, or a tungsten
nitride film) can be used. A high-melting-point metal film of Ti, Mo, W, or the like or
a metal nitride film of any of these elements (e.g., a titanium nitride film, a
molybdenum nitride film, or a tungsten nitride film) may be stacked on either one or

both a lower side and an upper side of a metal film of Al, Cu, or the like.
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[0135]

A material which is similar to the material of the source electrode layer 405a
and the drain electrode layer 405b can be used for a conductive film used for the wiring
layer 436a and the wiring layer 436b which are connected to the source electrode layer
405a and the drain electrode layer 405b, respectively.

[0136]

Alternatively, the conductive film to be the source electrode layer 405a and the
drain electrode layer 405b (including a wiring layer formed using the same layer as
source electrode layer 405a and the drain electrode layer 405b) may be formed using a
conductive metal oxide. As the conductive metal oxide, indium oxide (In.0;), tin
oxide (Sn0y), zinc oxide (ZnO), indium oxide-tin oxide alloy (InO3-SnO; abbreviated
to ITO), indium oxide-zinc oxide alloy (In;O3-ZnO), or any of these metal oxide
materials in which silicon oxide is contained can be used.

[0137]

As the insulating films 407 and 427 provided over the semiconductor layer, and
the insulating layer 437 provided below the semiconductor layer, an inorganic insulating
film such as a silicon oxide film, a silicon oxynitride film, an aluminum oxide film, an
aluminum oxynitride film, or the like can be typically used.

[0138]

For the protective insulating layer 409 provided over the semiconductor layer,
an inorganic insulating film such as a silicon nitride film, an aluminum nitride film, a
silicon nitride oxide film, or an aluminum nitride oxide film can be used.

[0139]

Further, a planarization insulating film may be formed over the protective
insulating layer 409 so that surface roughness due to the transistor is reduced. For the
planarization insulating film, an organic material such as polyimide, acrylic, or
benzocyclobutene can be used. Other than such organic materials, a low-dielectric
constant material (a low-k material) or the like can be used. Note that the planarization
insulating film may be formed by a stack of a plurality of insulating films formed using
these materials.

[0140]

This embodiment can be combined with any of the structures described in the



10

15

20

25

30

WO 2012/014686 36 PCT/JP2011/066026

other embodiments as appropriate.
[0141]
(Embodiment 3)

A liquid crystal display device disclosed in this specification can be used in a
variety of electronic devices (including game machines). Examples of electronic
devices are a television set (also referred to as a television or a television receiver), a
monitor of a computer or the like, a camera such as a digital camera or a digital video
camera, a digital photo frame, a cellular phone handset (also referred to as a cellular
phone or a cellular phone device), a portable game machine, a personal digital assistant,
an audio reproducing device, a large game machine such as a pinball machine, and the
like. Examples of electronic devices each including the display device described in
any of the above embodiments are described.

[0142]

FIG. 12A illustrates an example of an e-book reader. The e-book reader
illustrated in FIG. 12A includes two housings 1700 and 1701. The housings 1700 and
1701 are combined with each other with a hinge 1704 so that the e-book reader can be
opened and closed. With such a structure, the e-book reader can operate like a paper
book.

[0143]

A display portion 1702 and a display portion 1703 are incorporated in the
housing 1700 and the housing 1701, respectively. The display portion 1702 and the
display portion 1703 may display one image or different images. In the case where the
display portion 1702 and the display portion 1703 display different images, for example,
a display portion on the right side (the display portion 1702 in FIG. 12A) can display
text and a display portion on the left side (the display portion 1703 in FIG. 12A) can
display images.

[0144]

FIG. 12A illustrates an example in which the housing 1700 includes an
operation portion and the like. For example, the housing 1700 includes a power input
terminal 1705, operation keys 1706, a speaker 1707, and the like. With the operation
key 1706, 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
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external connection terminal (e.g., an earphone terminal, a USB terminal, or a terminal
that can be connected to 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. Further, the e-book reader illustrated in FIG. 12A may function as an
electronic dictionary.

[0145]

FIG. 12B illustrates an example of a digital photo frame including a display
device. For example, in the digital photo frame illustrated in FIG. 12B, a display
portion 1712 is incorporated in a housing 1711.  The display portion 1712 can display
a variety of images. For example, the display portion 1712 can display data of images
taken with a digital camera or the like, so that the digital photo frame can function as a
normal photo frame.

[0146]

Note that the digital photo frame illustrated in FIG. 12B includes an operation
portion, an external connection terminal (e.g., a USB terminal or a terminal that can be
connected to a variety of cables such as USB cables), a recording medium insertion
portion, and the like. Although these components may be provided on the same
surface as the display portion, it is preferable to provide them on a side surface or a back
surface for the design of the digital photo frame. For example, a memory for storing
data of images taken with a digital camera is inserted in the recording medium insertion
portion of the digital photo frame, so that the image data can be transferred and then
displayed on the display portion 1712.

[0147]

FIG. 12C illustrates an example of a television set including a display device.
In the television set illustrated in FIG. 12C, a display portion 1722 is incorporated in a
housing 1721. The display portion 1722 can display images. Further, the housing
1721 is supported by a stand 1723 here. The display device described in any of the
above embodiments can be used in the display portion 1722.

[0148]

The television set illustrated in FIG. 12C can be operated by an operation

switch of the housing 1721 or a separate remote control. Channels and volume can be

controlled with operation keys of the remote control, so that images displayed on the
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display portion 1722 can be controlled. Further, the remote control may include a
display portion for displaying data output from the remote control.
[0149]

FIG. 12D illustrates an example of a cellular phone handset including a display
device. The cellular phone handset illustrated in FIG. 12D includes a display portion
1732 incorporated in a housing 1731, operation buttons 1733 and 1737, an external
connection port 1734, a speaker 1735, a microphone 1736, and the like.

[0150]

The display portion 1732 of the cellular phone handset illustrated in FIG. 12D
is a touch panel. When the display portion 1732 is touched with a finger or the like,
contents displayed on the display portion 1732 can be controlled. Further, operations
such as making calls and composing mails can be performed by touching the display
portion 1732 with a finger or the like.

[0151]
This embodiment can be combined with any of the structures described in the

other embodiments as appropriate.

REFERENCE NUMERALS

[0152]

10: pixel portion, 11: scan line driver circuit, 12: signal line driver circuit, 13: scan line,
14: signal line, 15: pixel, 16: transistor, 17: capacitor, 18: liquid crystal element, 20:
pulse output circuit, 21: terminal, 22: terminal, 23: terminal, 24: terminal, 25: terminal,
26: terminal, 27: terminal, 31: transistor, 32: transistor, 33: transistor, 34: transistor, 35:
transistor, 36: transistor, 37: transistor, 38: transistor, 39: transistor, 40: backlight unit,
101: region, 102: region, 103: region, 120: shift register, 121: transistor, 400: substrate,
401: gate electrode layer, 402: gate insulating layer, 403: semiconductor layer, 407:
insulating film, 409: protective insulating layer, 410: transistor, 420: transistor, 427:
insulating layer, 430: transistor, 437: insulating layer, 440: transistor, 702: eyeglass,
723: left eye, 724: right eye, 801: liquid crystal display device, 802: eyeglass, 810:
visible light range, 811: wavelength band, 812: wavelength band, 813: wavelength band,
821: image, 822: image, 823: left eye, 824: right eye, 831: projector, 832: projector,
1700: housing, 1701: housing, 1702: display portion, 1703: display portion, 1704: hinge,
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1705: power input terminal, 1706: operation key, 1707: speaker, 1711: housing, 1712:
display portion, 1721: housing, 1722: display portion, 1723: stand, 1731: housing, 1732:
display portion, 1733: operation button, 1734: external connection port, 1735: speaker,
1736: microphone, 1737: operation button, 405a: source electrode layer, 405b: drain
electrode layer, 436a: wiring layer, 436b: wiring layer, 703A: spectral filter for left eye,
703B: spectral filter for right eye, 803A: spectral filter for left eye, and 803B: spectral
filter for right eye.

This application is based on Japanese Patent Application serial no.
2010-167824 filed with Japan Patent Office on July 27, 2010, the entire contents of

which are hereby incorporated by reference.
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CLAIMS

1. A method for driving a liquid crystal display device including a plurality of
pixels arranged in m rows by n columns (m is a natural number of 12 or more and » is a
natural number) comprising the steps of:

in a period during which a video signal used for controlling transmission of
light of a first color is input to a plurality of pixels arranged in a first row to a k-th row
(k is a natural number of less than or equal to (m/3)), a video signal used for controlling
transmission of light of a second color is input to a plurality of pixels arranged in a
(k+1)th row to a 2k-th row, and a video signal used for controlling transmission of light
of a third color is input to a plurality of pixels arranged in a (2k+1)th row to an m-th row,
inputting the video signal used for controlling transmission of the light of the first color
to a plurality of pixels arranged in the first row to a ¢-th row (¢ is a natural number of
(k/N) (N is a natural number)), inputting the video signal used for controlling
transmission of the light of the second color to a plurality of pixels arranged in the
(k+1)th row to a (k+f)th row, and inputting the video signal used for controlling
transmission of the light of the third color to a plurality of pixels arranged in the
(2k+1)th row to a (2k+t)th row;

irradiating the plurality of pixels arranged in the first row to the t-th row with
the light of the first color, irradiating the plurality of pixels arranged in the (k+1)th row
to the (k+f)th row with the light of the second color, and irradiating the plurality of
pixels arranged in the (2k+1)th row to the (2k+f)th row with the light of the third
color,the light of the first color, the light of the second color, and the light of the third
color corresponding to light in a first red wavelength band, light in a first green
wavelength band, and light in a first blue wavelength band in given combinations;

irradiating the plurality of pixels arranged in the first row to the z-th row with
the light of the first color, irradiating the plurality of pixels arranged in the (k+1)th row
to the (k+1)th row with the light of the second color, and irradiating the plurality of
pixels arranged in the (2k+1)th row to the (2k+f)th row with the light of the third
color,the light of the first color, the light of the second color, and the light of the third

color corresponding to light in a second red wavelength band, light in a second green



10

15

20

25

30

WO 2012/014686 41 PCT/JP2011/066026

wavelength band, and light in a second blue wavelength band in given combinations.

2. The method for driving a liquid crystal display device according to claim 1,
wherein a stereoscopic image in the liquid crystal display device is visually identified
using an eyeglass including a spectral filter for left eye for visually identifying a first
image by a field-sequential method by transmission of light in the first red wavelength
band, light in the first green wavelength band, and light in the first blue wavelength
band and a spectral filter for right eye for visually identifying a second image by a
field-sequential method by transmission of light in the second red wavelength band,
light in the second green wavelength band, and light in the second blue wavelength

band.

3. The method for driving a liquid crystal display device according to claim 2,
wherein an image seen through the spectral filter for left eye is visually identified
sequentially from a first image and a black image and an image seen through the
spectral filter for right eye is visually identified sequentially from a black image and a

second image.

4. The method for driving a liquid crystal display device according to claim 1,
further comprising a step of separately performing irradiation with the light in the first
red wavelength band, irradiation with the light in the first green wavelength band,
irradiation with the light in the first blue wavelength band, irradiation with the light in
the second red wavelength band, irradiation with the light in the second green

wavelength band, and irradiation with the light in the second blue wavelength band.

5. The method for driving a liquid crystal display device according to claim 1,
wherein the liquid crystal display device is incorporated in one of a monitor of a
computer, a personal digital assistant, an e-book reader, a cellular phone, a digital

camera, and a television set.

6. A method for driving a liquid crystal display device including a plurality of

pixels arranged in m rows by n columns (m is a natural number of 12 or more and 7 is a
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natural number) comprising the steps of:

in a period during which a video signal used for controlling transmission of
light of a first color is input to a plurality of pixels arranged in a first row to a k-th row
(k is a natural number of less than or equal to (m/3)), a video signal used for controlling
transmission of light of a second color is input to a plurality of pixels arranged in a
(k+1)th row to a 2k-th row, and a video signal used for controlling transmission of light
of a third color is input to a plurality of pixels arranged in a (2k+1)th row to an m-th row,
inputting the video signal used for controlling transmission of the light of the first color
to a plurality of pixels arranged in the first row to a ¢-th row (¢ is a natural number of
(k/N) (N is a natural number)), inputting the video signal used for controlling
transmission of the light of the second color to a plurality of pixels arranged in the
(k+1)th row to a (k+f)th row, and inputting the video signal used for controlling
transmission of the light of the third color to a plurality of pixels arranged in the
(2k+1)th row to a (2k+t)th row;

irradiating the plurality of pixels arranged in the first row to the z-th row with
the light of the first color, irradiating the plurality of pixels arranged in the (k+1)th row
to the (k+f)th row with the light of the second color, and irradiating the plurality of
pixels arranged in the (2k+1)th row to the (2k+f)th row with the light of the third
color,the light of the first color, the light of the second color, and the light of the third
color corresponding to light in a first red wavelength band, light in a first green
wavelength band, and light in a first blue wavelength band in given combinations;

irradiating the plurality of pixels arranged in the first row to the ¢-th row with
the light of the first color, irradiating the plurality of pixels arranged in the (k+1)th row
to the (k+f)th row with the light of the second color, and irradiating the plurality of
pixels arranged in the (2k+1)th row to the (2k+¢)th row with the light of the third color,
the light of the first color, the light of the second color, and the light of the third color
corresponding to light in a second red wavelength band, light in a second green
wavelength band, and light in a second blue wavelength band in given combinations;

after inputting video signals to (1+nf)th to ((n+1)f)th rows, (k+(1+nt))th to
(k+(n+1)0)th rows, and (2k+(1+nt))th to (2k+(n+1))th rows, performing a irradiation

with the light of the first color, irradiation with the light of the second color, and
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irradiation with the light of the third color on pixels included in the (1+4nf)th to
((n+1)0)th rows, pixels included in the (k+(1+nt))th to (k+(n+1))th rows, and pixels
included in the (2k+(1+nt))th to (2k+(n+1)f)th rows, under the conditions of natural

numbers of n = 1 to n = ((k/t)-1).

7. The method for driving a liquid crystal display device according to claim 6,
wherein a stereoscopic image in the liquid crystal display device is visually identified
using an eyeglass including a spectral filter for left eye for visually identifying a first
image by a field-sequential method by transmission of light in the first red wavelength
band, light in the first green wavelength band, and light in the first blue wavelength
band and a spectral filter for right eye for visually identifying a second image by a
field-sequential method by transmission of light in the second red wavelength band,
light in the second green wavelength band, and light in the second blue wavelength

band.

8. The method for driving a liquid crystal display device according to claim 7,
wherein an image seen through the spectral filter for left eye is visually identified
sequentially from a first image and a black image and an image seen through the
spectral filter for right eye is visually identified sequentially from a black image and a

second image.

9. The method for driving a liquid crystal display device according to claim 6,
further comprising a step of separately performing irradiation with the light in the first
red wavelength band, irradiation with the light in the first green wavelength band,
irradiation with the light in the first blue wavelength band, irradiation with the light in
the second red wavelength band, irradiation with the light in the second green

wavelength band, and irradiation with the light in the second blue wavelength band.

10. The method for driving a liquid crystal display device according to claim 6,
wherein the liquid crystal display device is incorporated in one of a monitor of a

computer, a personal digital assistant, an e-book reader, a cellular phone, a digital
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camera, and a television set.

11. A method for driving a liquid crystal display device including a plurality
of pixels arranged in m rows by n columns (m is a natural number of 12 or more and 7 is
a natural number) comprising the steps of:

in a period during which a video signal used for controlling transmission of
light of a first color is input to a plurality of pixels arranged in a first row to a k-th row
(k is a natural number of less than or equal to (m/3)), a video signal used for controlling
transmission of light of a second color is input to a plurality of pixels arranged in a
(k+1)th row to a 2k-th row, and a video signal used for controlling transmission of light
of a third color is input to a plurality of pixels arranged in a (2k+1)th row to an m-th row,
inputting the video signal used for controlling transmission of the light of the first color
to a plurality of pixels arranged in the first row to a z-th row (¢ is a natural number of
(k/N) (N is a natural number)), inputting the video signal used for controlling
transmission of the light of the second color to a plurality of pixels arranged in the
(k+1)th row to a (k+f)th row, and inputting the video signal used for controlling
transmission of the light of the third color to a plurality of pixels arranged in the
(2k+1)th row to a (2k+t)th row;

irradiating the plurality of pixels arranged in the first row to the ¢-th row with
the light of the first color, irradiating the plurality of pixels arranged in the (k+1)th row
to the (k+f)th row with the light of the second color, and irradiating the plurality of
pixels arranged in the (2k+1)th row to the (2k+f)th row with the light of the third color,
the light of the first color, the light of the second color, and the light of the third color
corresponding to light in a first blue wavelength band, light in a first green wavelength
band, and light in a first red wavelength band in that order;

irradiating the plurality of pixels arranged in the first row to the z-th row with
the light of the first color, irradiating the plurality of pixels arranged in the (k+1)th row
to the (k+f)th row with the light of the second color, and irradiating the plurality of
pixels arranged in the (2k+1)th row to the (2k+f)th row with the light of the third color,
the light of the first color, the light of the second color, and the light of the third color

corresponding to light in a second blue wavelength band, light in a second green
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wavelength band, and light in a second red wavelength band in that order.

12.  The method for driving a liquid crystal display device according to claim
11, wherein a stereoscopic image in the liquid crystal display device is visually
identified using an eyeglass including a spectral filter for left eye for visually
identifying a first image by a field-sequential method by transmission of light in the first
green wavelength band, light in the first red wavelength band, and light in the first blue
wavelength band and a spectral filter for right eye for visually identifying a second
image by a field-sequential method by transmission of light in the second green
wavelength band, light in the second red wavelength band, and light in the second blue

wavelength band.

13.  The method for driving a liquid crystal display device according to claim
12, wherein an image seen through the spectral filter for left eye is visually identified
sequentially from a first image and a black image and an image seen through the
spectral filter for right eye is visually identified sequentially from a black image and a

second image.

14. The method for driving a liquid crystal display device according to claim
11, further comprising a step of separately performing irradiation with the light in the
first green wavelength band, irradiation with the light in the first red wavelength band,
irradiation with the light in the first blue wavelength band, irradiation with the light in
the second green wavelength band, irradiation with the light in the second red

wavelength band, and irradiation with the light in the second blue wavelength band.

15. The method for driving a liquid crystal display device according to claim
11, wherein the liquid crystal display device is incorporated in one of a monitor of a
computer, a personal digital assistant, an e-book reader, a cellular phone, a digital

camera, and a television set.



WO 2012/014686 PCT/JP2011/066026

1/13

FIG. 1A
13
M

11




PCT/JP2011/066026

WO 2012/014686

2/13

FIG. 2B

FIG. 2A

IIIIIIIIIIIII

B e e o 1 o
_ |

|

- y—— -

—
—t+

i

'

1

1

1

1

1
—_

- - . - -
s —%—:: —5—:: 2
-- -- —
i1 %
OO0 -
===
(a Byl N



PCT/JP2011/066026

WO 2012/014686

3/13

FIG. 3A

A

L

26

@3

Vss

FIG. 3D

FIG. 3C

FIG. 3B

eﬂiuum.ﬁm

| i
My " ;
N-E>{[TIIIIIIIT

A

—— —_—

IR RO (VA 1 I A I i ) B
e 1 e et e s e e e
gt f 1 M s 1 s | O
S I ] S e .mHH_HMwHH.Hn__
el o el o i o SO A i
U T A Tal A
9.8 <o 3 Kt X
IRoOINZ 8 (31R°I5 < YIS 2
8y 2873 23l 2
I N I I

IIIII

[0

T 1 =
LS8 < iml 3 Ao
ROXE 2 Igleiinggigyl
| S 4o 2 |2l a 2Qlal 2l
i | \ 1 ' G. R.G. o
o 13 vl g

llllll

< o < Tl 2

Q = ol o S
582 ¢ 2leun sles
& | o | olN gl O] 5 |N 9]
N mU. c [ (@] R.G o
I I I TEC T



PCT/JP2011/066026

4/13

FIG. 4A

WO 2012/014686

dataj data )
k+2 : 2k+2 !

X

data
2

N LA R N IR N A
I I I T T
................. . 2 [ T T TR T
N O A [ [
e g | e 1 o 1 A
N I I I [
. m | U A 11 I
_ | (I 1 A I 1| O A
| m T 1T I 11
n " o [ 1 AR I 1| B A
" m I A
“ “ & (B 11 IO 1 I
" m F T
o ! " ol [l rorofrofit
S| m pp v
“ m S L A e S AR
“ I I I | I IR
“ c2 [ T 1A N T
N BRI I
RS S S L R B
IR | | _ _ _ |
T & N B .
Y R Ny 11 I | O I
| Ro 7= SO L S 1
5| L I L L
— = Qi
................. h S | R IR I I
> _ | | | | _ |
o < ¢ b ~
7 le |+ | |l |+ | | 2
(7p) < 3 3 3 3N D
: S A

n |

X data X data X
: k+1 : 2k+1 !

1

data

DATA!




PCT/JP2011/066026

5/13

FIG. 5

WO 2012/014686

R Ce P | =N [ — [n ]
N o ol [ ol g ol [e2] oop
] “12 12 ------ 12_
oo ||o o oo |
" = N ||~ |N 1N |
ol e [ o x| |
. ]
b "
by ]
- i
- . . 1
! | L V
- % 1
Vo RN |
] | * IS ]
o o . ]
o * "
- !
R [+ I [ e [ [ a ] [a1] o |m |
1 “12 - |ON [N |1
PS40 HO O O 10 1|
" = N [|— |&N  |&N |!
Vo e e || |ee o |& |
[ i
i o | |[o @ o o |
eIl EE 53|
b
L e T = [ — [ !
1 le fee flee oo o | |
||||| S S S |
e i ]
1 — 1
1 i
1 - 1
L o o e e e e 4



PCT/JP2011/066026

WO 2012/014686

6/13

CIEE
| 418402
1249

—_—————e-

e o oy ey ||T|+||F| ==l _\ > __\ -~

SVERE

9 Old



PCT/JP2011/066026

WO 2012/014686

1/13

FIG. 7

702




PCT/JP2011/066026
8/13

WO 2012/014686

.I‘HHHHHH’liq.ﬂHHHHnH il el n c’lJ |||||||
! ,_ 17 17 \ 1
) 7] \\J 1 «
1

oo T2 : L L T T T =T

T AR ARy ,_,
. NSRRI U S g
\.. ||||| ? a "\.. ||||| ./.’ "\.. |||||
SV AN wun

" "

 un ,_/m” wun mﬂ\ N ,,_,

\
PN
!

L) [¥)

Y oHun “ “\

h /I B\

,7 ")
/ 114 1" A
: “, .._.__CD " “, HuN ’
_f A _/

. ,_ “\ ,“ _\ /“, ..-.N
“__c: P\L MU R\ e :
-—--- C_--_,T_.---L- _,,_-..---.\._r-f.i---L-- \— I

; / e R ) " .._._I_ u.

ANV I ATy

A




WO 2012/014686

PCT/JP2011/066026

It
L3 oo e i 5 LSz

t

= =y > e~ —
T, W '—E " " - Py g 3
" " 1~ " ! !
g TR 1 ol o J
" 1 ' g Sl
L ' L
I

: :.v
" L~ |
"
0"
1"
1]
.
-

i
1
)
1
:
1
r i
) 1
: o =TEI0 b i S
1 N 3 N [« ot !
! ! 2oy D st
! 1 = :|I 1 & -0 =)
1 N -2 |
: rv A :F"\'“/—”‘/,',‘t:ﬂ: =4 ::
] 1 X X 51 > 4 ||r ~;|. E 1t
) 1 P 1
:" SFT=ITh E"‘i: _:u P> 'JI",’ =~ f_-'—'"l':: ] 'H
! - ';l: [« JH-. ) o M - ‘||: [« :u o
> - -4 I TR < - =4 B S
P —E .lrll - 1 ’t,f’ ‘\,l: -E il =) 1 ’I
1 " ~* 1 1! [N -~ !
' D k-t —c—q 2 Y D - e®o o
&5 e T E N T et T
| TR St el TR ~ no D TR o St e TR~
N Lo i LT ST e T T B
VT 1 -- =gt =" D'_Il—_‘;—l,:’——\—,n' E-, Do
' " W ‘I g " NI ~BT -1
----- E-qpl D-dr-=-7gw€o-zoq, E-q Do
1Y r— | | e ” St = ! 1 1
n: c :l" - =ty * [T n: c :|"~\ =" - '
THEE= B ke ooz E oy D r-"-%, - '
N M 1 o i 1 1
~Ne L~ | PR ==y
e S S I : |
4 1 1 o T ; ) ]
2l el ShegeT
i W N e | | )
Sl E w D r-=-Zgm ] 1 i )
5 a2 : | : :
TH— ||"";" | 1 1 ! 1
:u - /,u’ | | | ) ! |
g | : : : : :
- J | | : | : | :
) ) 1 ! 1 1 | 1
_____ ) ) 1 ) ) 1 1 '
) ) 1 i } 1 1 i
) 1 ) i i ! ! 1
I l 1 1 1 1 1 1
i 1 1 1 1 i } 1
1 1 1 1 1 ) ) 1
) 1 ] 1 1 I ' 1
| ) ] 1 1 1 1 )
1 l 1 1 ) | ] 1
1 ! ) ) ) ] | )
1 ! ! ! i 1 1 1
_____ ¥ U IR S U PPN I I |
} ! | 1 ) y— 1y 1
4T 8E T T &% &%
R A R AR S R N CER AT R =
X+ X+ N N X N'+ N'+ )
1 1 ) 1N 'f.{l |ﬁ '

i
S
™



PCT/JP2011/066026

WO 2012/014686

10/13

i +3€+X¢

TIHNT

' WIC

e g U e S o

e e P [
T
o+~
™




WO 2012/014686 PCT/JP2011/066026

11/13

FIG. 11A 409 40§a 410 403

\‘ NN \\\
AN N
' ja /
/ ’ /
400 401 402

FIG. 11B

FIG. 11D

436a 402 401 436b

400 4052 403 440 437 405b



WO 2012/014686

12/13
F19631 2A
1701 1700
(¢ 1702 :

77 N7

7.
A

V22

/
1706 ) 1707

1704 1705

FIG. 12C

PCT/JP2011/066026

FIG. 12B

1711

1712

P e T 2 o 2 T R 2 22 2 0 2 2T 2222

FIG. 12D e

1732
AN

M
1735

1723

1737

1734

1736



WO 2012/014686 PCT/JP2011/066026

13/13

FIG. 13A

;
XX

.,‘;..‘".‘.-,-
RN
BRI

NN
RS

AR

RN

o
X

R R RN

R

,.
S

u:\.

FIG. 13B

(o0}
—
o

intensity

B1 B2 G1 G2 R1 R2 wave length

FIG. 13C

8214

XX
803A%8038

823 824

FIG. 13D

822

803A 823 824



INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2011/066026

A.  CLASSIFICATION OF SUBJECT MATTER

Int.Cl. G09G3/36(2006.01)1, GO02F1/133(2006.01)1, G09G3/20(2006.01)1,
H04N13/04(2006.01)1

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Int.Cl. G09G3/20-3/38, GO02F1/133, H04N13/04

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Published examined utility model applications of Japan 1922-1996
Published unexamined utility model applications of Japan 1971-2011
Registered utility model specifications of Japan 1996-2011
Published registered utility model applications of Japan 1994-2011

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

the Internet

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US 6448951 Bl 1-15
(INTERNATIONAL BUSINESS MACHINES CORPORATION)
2002.09.10,

line 10, column 5 to line 25, column 14, Figs.1-12
&JP 11-337904 A

Y Us 2007/0188711 Al (COLORLINK, INC.) 1-15
2007.08.10,

paragraphs [0039]-[0051], [0059]1-[0072],
Figs.1-3, 4A-4B, 4I-4L, 5-6

&JP 2009-526277 A &WO 2007/095476 A2

¥  Further documents are listed in the continuation of Box C. {"  Sce patent family annex.

*  Special categories of cited documents: o «T” later document published after the international filing date or

“A” document defining the general state of the art which is not priority date and not in conflict with the application but cited to
considered to be of particular relevance understand the principle or theory underlying the invention

“E” earlier application or patent but published on or after the inter-
national filing date

“L” document which may throw doubts on priority claim(s) or which
is cited to establish the publication date of another citation or other

“X” document of particular relevance; the claimed invention cannot
be considered novel or cannot be considered to involve an
inventive step when the document is taken alone

special reason (as specified) “Y” document of particular relevance; the claimed invention cannot
“0” document referring to an oral disclosure, use, exhibition or other be considered to involve an inventive step when the document is

means combined with one or more other such documents, such
“P” document published prior to the international filing date but later combination being obvious to a person sl.<111ed in the art

than the priority date claimed “&” document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report

04.10.2011 18.10.2011

Name and mailing address of the ISA/JP Authorized officer 26lo114
Japan Patent Office OGAWA, Hiroshi

3-4-3, Kasumigaseki, Chiyoda-ku, Tokyo 100-8915, Japan | Telephone No. +81-3-3581-1101 Ext. 3226

Form PCT/ISA/210 (second sheet) (July 2009)



International application No.

INTERNATIONAL SEARCH REPORT
PCT/JP2011/066026

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Relevant to claim No.

Category* Citation of document, with indication, where appropriate, of the relevant passages

1-15

Y Arnold SIMON, et al, “58.3: Recent Progress in
Interference-filter-based Stereoscopic 3D LCD”,
SID Symposium Digest of Technical Papers,

2010.05, Volume 41, Issue 1, pp. 867-869

JP 2001-142140 A
(VICTOR COMPANY OF JAPAN, LIMITED)

2001.05.25, see whole document (No Family)

JP 2006-220685 A
(21 ACMORI SANGYO SOGO SHIEN CENTER)

2006.08.24, see whole document (No Family)

JP 2009-186533 A
(EPSON IMAGING DEVICES CORPORATION)
see whole document (No Family)

2009.08.20,
(KABUSHIKI KAISHA FUROGGUSU)

A JP 1-116521 A
see whole document (No Family)

1989.05.09,

A US 5537476 A
(INTERNATIONAL BUSINESS MACHINES CORPORATION)

1996.07.16, see whole document (No Family)

A US 6283597 B1 (DAIMLER CHRYSLER AG)
2001.09.04, see whole document
&WO 1998/049837 Al &DE 19808264 A

&AU 7650198 A

Form PCT/ISA/210 (continuation of second sheet) (July 2009)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - claims
	Page 42 - claims
	Page 43 - claims
	Page 44 - claims
	Page 45 - claims
	Page 46 - claims
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - wo-search-report
	Page 61 - wo-search-report

