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(57) Abstract: It is an object to provide a specific driving method for reduction in power consumption in displaying a 3D image
with tield sequential driving. A driving method of a liquid crystal display device in which a stereoscopic image is perceived with a
liquid crystal display device switching an image for a left eye and an image for a right eye, and a pair of glasses having switching
means to switch the images in synchronization with display; the image for the left eye and the image for the right eye are per-
ceived by the left eye or the right eye in a mixed color by switching backlight which corresponds to a plurality of colors, within a
predetermined period, and the backlight is continuously emitted in accordance with an image signal of each color which forms the
image for the left eye and the image for the right eye.
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DESCRIPTION

DRIVING METHOD OF LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD
[0001]

The present invention relates to a method for driving a liquid crystal display
device. Further the present invention relates to a liquid crystal display device. Further
the present invention relates to an electronic device including the liquid crystal display

device.

BACKGROUND ART
[0002]

Liquid crystal display devices ranging from a large display device such as a
television receiver to a small display device such as a mobile phone have been spreading.
From now on, products with higher added valuebs will be needed and are being developed.
In recent years, liquid crystal display devices with which viewers can experience virtual
stereoscopic view have been developed in order to display a more realistic image.

[0003] _

In addition, .there has been a growing interest in global environment and the
development of liquid crystal display devices consuming less power has thus attracted
attention. Thus, a driving method called a field sequential driving method (hereinafter,
field sequential driving) has been developed. In field sequential driving, backlights of red
(hereinafter, sometimes abbreviated to R), green (hereinafter, sometimes abbreviated to G),
and blue (hereinafter, sometimes abbreviated to B) are switched within a predetermined
period, and light of R, G, and B are supplied to a display panel. Therefore, a color filter is
not necessarily provided for each pixel, and use efficiency of transmitting light from a
backlight can be enhanced. Further, because one pixel can express R, G, and B, it is
advantageous that improvement in definition is easily realized.

[0004]
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Patent Document 1 discloses a structure in which a left image for a left eye ahd a
right image for a right eye are alternately displayed at high speed with field sequéntial
driving so that a viewer virtually perceives the images as a stereoscopic image.

[Reference]
[0005]
[Patent Document 1]Japanese Published Patent Application No. 2003-259395

DISCLOSURE OF INVENTION
[0006]

As described in Patent Document 1, it is necessary to frequently repeat turning on
and off a light source of a backlight in order that a 3D (three-dimensional or stereoscopic)
image be displayed with field sequential driving. In the case of turning on the backlight
in inputting the image signal, such driving causes a problem in that display is perceived
before writing an image signal to each pixel has been finished. Therefore, in order to
avoid the display problem, the backlight is necessarily turned off whenever an image signal
is written. However, with the structure in which the light is switched, which is emitted”
from the backlight, and which corresponds to respective colors, and the light are repeatedly
turned on/off, a driver circuit operates by which a light source corresponding to colors is
driven and switched; accordingly, power consumption is increased.

00071 |

It is an object of an embodiment of the present invention to provide a specific
driving method for lower power consumption in displaying a 3D image with field
sequential driving.

[0008]

An embodiment of the present invention is a driving method of a liquid crystal
display device with which a stereoscopic image is perceived with a liquid crystal display
device configured to switch an image for a left eye and an image for a right eye to display
the image for the left eye or the image for the right eye, and a pair of glasses having a
switching means with which the image for the left eye and the image for the right eye are

switched in synchronization with display of the image for the left eye or the image for the
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right eye in order that the left or right eye of a viewer selectively perceives the image for
the left eye or the image for the right eye. The image for the left eye and the image for
the right eye are perceived by the left eye or right eye in a mixed color by switching light
which is emitted from a backlight portion, and which corresponds to a plurality of colors,
within a predetermined period. The light which is emitted from the backlight portion are
continuously emitted during a lighting period for the left eye or a lighting period for the
right eye which corresponds to one of the plurality of colors.

[0009]

An embodiment of the present invention is a driving method of a liquid crystal
display device with which a stereoscopic image is perceived with a liquid crystal display
device configured to switch an image for a left eye and an image for a right eye to display
the image for the left eye or the image for the right eye, and a pair of glasses having a
switching means with which the image for the left eye and the image for the right eyé are
switched in synchronization with display of the image for the left eye or the image for the
right eye in order that the left or right eye of a viewer selectively perceives the image for
the left eye or the image for the right eyé. The image for the left eye and the image for
the right eye are perceived by the left eye or right eye in a mixed color by switching light
which is emitted from a backlight portion, and which corresponds to a plurality of colors,
within a predetermined period. The light which is emitted from the backlight portion are
continuously emitted -during a lighting period for the left eye or a lighting period for the
right eye which corresponds to one of the plurality of colors. When the image for the left
eye and the image for the right eye are switched, the light which is emitted from the
backlight portion toward the left eye and the right eye are blocked with the pair of glasses .
having the switching means.

[0010]

An embodiment of the présent invention is a driving metﬁod olf—a liql-iid crystal
display d.evice with which a stereoscopic image is perceived with a liquid crystal display
device configured to switch an image for a left eye and an image for a right eye to display
the image for the left eye or the image for the right eye, and a pair of glasses having a

switching means with which the image for the left eye and the image for the right eye are
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switched in synchronization with display of the image for the left eye or the image for the
right eye in order that the left or right eye of a viewer selectively perceives the image for
the left eye or the image for the right eye. The image for the left eye and the image for
the right eye are perceived by the left eye or right eye in a mixed color by switching light
which is emitted from a backlight portion, and which corresponds to colors of red, green,
and blue, within a predetermined period. The light which is emitted from the backlight
portion are continuously emitted during a lighting period for the left eye or a lighting
period for the right eye which corresponds to one of the colors of the red, the green, and the
blue.

[0011]

An embodiment of the present invention is a driving method of a liquid crystal
display device with which a stereoscopic image is perceived with a liquid crystal display
device configured to switch an image for a left eye and an image for a right eye to display
the image for the left eye or the image for the right eye, and a pair of glasses having a
switching means with which the image for the left eye and the image for the right eye are
switched in synchronization with display of the image for the left eye or the image for the
right eye in order that the left or right eye of a viewer selectively perceives the image for
the left eye or the image for the right eye. The image for the left eye and the image for
the right eye are percéived by the left eye or right eye in a mixed color by switching light
which is emitted from a backlight portion, and which corresponds to red, green, and blue,
within a predetermined period. The light which is emitted from the backlight portion are
continuously emitted during a lighting period for the left eye or a lighting period for the
right eye which corresponds to the red, the green, and the blue. When the image for the
left eye and the image fof the right eye are switched, the light which is emitted from the

backlight portion toward the left eye and the right eye are blocked with the pair of glasses

- having the switching méans. -

[0012]
An embodiment of the present invention is a driving method of a liquid crystal
display device with which a stereoscopic image is perceived with a liquid crystal display

device configured to switch an image for a left eye and an image for a right eye to display
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the image for the left eye or the image for the right eye, and a pair of glasses having a
switching rheans with which the image for the left eye and the image for the right eye are
switched in synchronization with display of the image for the left eye or the image for the
fight eye in order that the left or right eye of a viewer selectively perceives the image for
the left eye or the image for the right eye  The image for the left eye and the image for the
right eye are perceived by the left eye or right eye in a mixed color by switching light
which is emitted from a backlight portion, and which corresponds to colors of red, green,
blue, and white, within a predetermined period. The light which is emitted from the
backlight portion are continuously emitted during a lighting period for the left eye or a
lighting period for the right eye which corresponds to one of the colors of the red, the green,
the blue, and the white.

[0013]

An embodiment of the present invention is a driving method of a liquid crystal
display device with which a stereoscopic image is perceived with a liquid crystal display
device configured to switch an image for a left eye and an image for a right eye to display
the image for the left eye or the image for the right eye, and a pair of glasses having a
switching means with which the image for the left eye and the image for the right eye are
switched in synchronization with display of the image for the left eye or the image for the
right eye in order that the left or right eye of a viewer selectively perceives the image for
the left eye or the image for the right eye. The image for the left eye and the image for
the right eye are perceived by the left eye or right eye in a mixed color by switching light
which is emitted from a backlight portion, and which corresponds to red, green, blue, and
white within a predetermined period. The light which is emitted from the backlight
portion are continuously emitted during a lighting period for the left eye or a lighting
period for the right eye which corresponds to the red, the green, the blue, and the white.
When the image for the left eye and the image for the right eye are switched, the light
which is emitted from the backlight portion toward the left eye and the right eye are
blocked with the pair of glasses having the switching means.

[0014]

In the driving method of the liquid crystal display device according to an
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embodiment of the present invention, the light which may be emitted from the backlight
portion have colors of cyan, magenta, and yellow.
[0015]

In the driving method of the liquid crystal display device according to an
embodiment of the present invention, the light which is emitted from the backlight portion
may be light emitted from a light-emitting diode.

[0016]

In the driving method of the liquid crystal display device according to an
embodiment of the present invention, a plurality of pixels of the liquid crystal display
device may include a liquid crystal element and a transistor for controlling the liquid
crystal element, and the liquid crystal element may include a liquid crystal material
exhibiting a blue phase.

[0017]

In the driving method of the liquid crystal display device according to an
embodiment of the present invention, a semiconductor layer of the transistor may include
an oxide semiconductor.

[0018]
An embodiment of the present invention can realize lower power consumption in

displaying a 3D image with field sequential driving.

BRIEF DESCRIPTION OF DRAWINGS
[0019]

FIGS. 1A and 1B are perspective views illustrating one embodiment of the present
invention.
FIG. 2 is a timing chart according to one embodiment of the present invention.
~FIG. 3 is a timing chait according to one embodiment of the présen_t invention.
FIG. 4 is a timing chart according to one emi)odiment of the present invention.
FIG. 5 is a timing chart according to one embodiment of the present invention.
FIG. 6 is a timing chart according to one embodiment of the present invention.

FIG. 7 is a timing chart according to one embodiment of the present invention.
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FIG. 8 is a timing chart according to one embodiment of the present invention.

FIGS. 9A to 9C are drawings for illustrating one embodiment of the present
invention.

FIGS. 10A to 10D are each a cross-sectional view of one embodiment of the
present invention.

FIG. 11 is a top view of one embodiment of the present invention.

FIG. 12 is a cross-sectional view of one embodiment of the present invention.

FIG. 13 is a top view of one embodiment of the present invention.

FIG. 14 is a cross-sectional view of one embodiment of the present invention.

FIGS. 15A to 15E are cross-sectional views of one embodiment of the present
invention.

FIGS. 16A to 16D are diagrams each illustrating an electronic device of one

embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0020]

Hereinafter, embodiments of the present invention will be described with
reference to the accompanying drawings. However, the present invention can be carried
out in many different modes, and it is easily understood by those skilled in the art that
modes and details of the present invention can be modified in various ways without
departing from the purpose and the scope of the present invention. Therefore, this
invention is not interpreted as being limited to the description of the embodiments below.
Note that identical portions or portions having the same function in all drawings illustrating
the structure of the invention that are described below are denoted by the same reference

numerals.

S[oo213- - -

Note that the size, the thickness of a layer, distortion of the waveform of a signal,
and a region of each structure illustrated in the drawings and the like in the embodiments
are exaggerated for simplicity in some cases. Therefore, embodiments of the present

invention are not limited to such scales.
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Note that terms "first", "second", "third" to "Nth" (N is a natural number)
employed in this specification are used in order to avoid confusion between components
and do not set a limitation on number. |
[0023]

[Embodiment 1]

In order to describe a driving method of a liquid crystal display device, a structure

‘of a liquid crystal display device capable of displaying a 3D (three-dimensional or

stereoscopic) image is explained first.

[0024]

In the driving method of the liquid crystal display device in this embodiment, a
stereoscopic image can be perceived with a liquid crystal display device switching an
image for a left eye and an image for a right eye to display the image for the left eye or the
image for the right eye, and a pair of glasses having a switching means with which the
images are switched in synchronization with display of the image for the left eye or the
image for the right eye in order that the left or right eye of a viewer may selectively
perceive the image for the left eye or the image for the right eye (hereinafter, abbreviated to
glasses).

[0025]

For specific description, FIG. 1A shows a perspective view in which a liquid
crystal display device 101 is connected to glasses 102 with a cable 103. In the glasses
102, shutters of a left panel 104A for a left eye and a right panel 104B for a right eye are
alternately opened and closed. Synchronized with opening and closing of the shutters, the

image for the left eye and the image for the right eye are alternately displayed on the liquid

~crystal display device 101. Thus, a viewer can perceive the image on the liquid crystal

‘display- device 101 as a 3D image.
[0026] ,

The shutters provided for the left panel 104A for the left eye and the right panel
104B for the right eye of the glasses 102 may include a liquid crystal element having

electrodes with a liquid crystal material provided therebetween. The liquid crystal
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material may include ferroelectric liquid crystal, a liquid crystal material which exhibits a
blue phase, or the like. Note that by opening the shutter, light from al backlight portion in
accordance with an image of the liquid crystal display device 101 is led to the left or right
eye of the viewer. In addition, by closing the shutter, light from the backlight portion to
the left or right eye of the viewer is blocked.
[0027]

Although in FIG. 1A, the cable 103 is shown as a means for electrical connection.
between the liquid crystal display device 101 and the glaéses 102, signals between the
liquid crystal display device 101 and the glasses 102 may be synchronized by a wireless
signal. In a structure in which the signals between the liquid crystal display device 101
and the glasses 102 are synchronized by the wireless signal, the glasses 102 may be
provided with a secondary battery, such as a lithium-ion battery, as an electrical storage
means.

[0028]

FIG. 1B shows a block diagram of a main structure of the liquid crystal display
device 101 and the glasses 102.

[0029]

The liquid crystal display device 101 illustrated in FIG. 1B includes a display
control circuit 115, a display portion 111, a timing generator 116, a source line driver
circuit 113, a backlight portion 114, and a gate line driver circuit 112.

[0030]

The display control circuit 115 switches and outputs a signal for displaying a 2D
(two-dimensional, or plane) image and a signal for displaying a 3D image, in accordance
with operation with an external operation means 117 such as a keyboard or a remote
cdntroller. Specifically, in the case of displaying a 3D image, the display control circuit
115 suppliés the following fo the backlight portion 114, the source line driver circuit 113,
and the gate line driver circuit 112: signals for displaying an image for the left eye and an
image for the right eye with field sequential driving (for example, a start plilse, a clock
signal, image signals of the image for the left eye and the image for the right eye, and a

control signal of a backlight).
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[0031]

Note that in the case where the image for the left eye and the image for the right
eye are displayed with the field sequential driving, light of a plurality of colors, which is
emitted from the backlight portion, is switched within a predetermined period and is
delivered to the left and right eyes of the viewer, and the viewer perceive color display in a
mixed color.  Note that when the light emitted from the backlight portion is a light emitted
from a light-emitting diode, the size of a light source can be reduced, power consumption
can be reduced, and life can be long. At that time, the backlight portion is provided with
light-emitting diodes which are the light sources corresponding to colors of R, G B, and
the like.

[0032]

Note that the display control circuit 115 is supplied with the following from the
timing generator 116: a signal for synchronizing the image signals of the image for the left
eye and the image for the right eye with the left panel 104A for the left eye and the right
panel 104B for the right eye of the glasses 102. Note that the timing generator 116
supplies the following to the glasses 102: a signal for synchronizing display of the image
for the left eye and movement of the shutter of the left panel 104A for the left eye, and a
signal for synchronizing display of the image for the right eye and movement of the shutter
of the right panel 104B for the right eye. In other words, a synchronization signal 119A
of the image for the left eye is supplied to the display control circuit 115, and a
synchronization signal 118A for opening the shutter of the left panel 104A for the left eye
is input to the left panel 104A for the left eye. Further, a synchronization signal 119B of
the image for the right eye is supplied to the display control circuit 115, and a
synchronization signal 118B for opening the shutter of the right panel 104B for the right
eye is input to the .right panel 104B for the right eye.

[0033] "~ T -

| Next, FIG. 2 shows a timing chart of the structure in FIGS. 1A and 1B, and the
driving method of the liquid crystal display device of this embodiment is described.
[0034]

FIG. 2 shows a timing chart in a stereoscopic image display period 200 which is a
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period in which one image for the left eye and one image for the right eye are displayed so
that a’viewer can perceive a stereoscopic image. With a series of different stereoscopic
image display periods 200, the viewer can perceive a stereoscopic moving image. The
stereoscopic image display period 200 has an R-lighting period 201 for performing display
with a red (R) backlight, a G-lighting period 202 for performing display with a green (G)

“backlight, and a B-lighting period 203 for performing display with a blue (B) backlight.

The R-lighting period 201 has an R-lighting period 211 for a left eye and an R-lighting
period 212 for a right eye. The G-lighting period 202 has a G-lighting period 221 for the
left eye and a G-lighting period 222 for the right eye. The B-lighting period 203 has a
B-lighting period 231 for the left eye and a B-lighting period 232 for the right eye.

[0035]

In the R-lighting period 211 for the left eye, a writing operation 241 to
sequentially write image signals to gate signal lines (scan lines) from the first to the laét
row is performed in an R-writing period LR for the left eye, and a period for controlling the
backlight portion to turn on the R backlight is provided after the R-writing period LR for
the left eye. Further, the R-lighting period 211 for the left eye is a period in which the
shutter of the left lens which is provided for the glasses so that the left eye of a viewer can
perceive the image for the left eye is opened, and a period in which the shutter of the right
lens which is provided for the glasses so that the right eye of the viewer can perceive fhe
image for the right eye is closed.

[0036]

Then, in the R-lighting period 212 for the right eye, a writing operation 242 to
sequentially write image signals to gate signal lines (scan lines) from the first to the last
row is performed in an R-writing period RR for the right eye, and a period for controlling
the backlight portion to turn on the R backlight is provided after the R-writing period RR
for a right eye.” Further, the R-lighiting period 212 for the right eye is a period in which
the shutter of the right lens which is provided for the glasses so that the right eye of a
viewer can perceive the image for the right eye is opened, and a period in which the shutter
of the left lens which is provided for the glasses so that the left eyé of the viewer can

perceive the image for the left eye is closed.
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[0037]

Next, in the G-lighting period 221 for the left eye, an image signal writing
operation and control of the G backlight to be turned on are performed as in the R-lighting
period 211 for the left eye. Further, the G-lighting period 221 for the left eye is a period
in which the shutter of the left lens is opened and the shutter of the right lens is closed.
Then, in the G-lighting period 222 for the right eye, an image signal writing operation and
control of the G backlight to be turned on are performed as in the R-lighting period 212 for
the right eye.  Further, the G-lighting period 222 for the right eye is a period in which the
shutter of the right lens is opened and the shutter of the left lens is closed.

[0038]

Next, in the B-lighting period 231 for the left eye, an image signal writing
operation and control of the B backlight to be turned on are performed as in the R-lighting
period 211 for the left eye. . Further, the B-lighting period 231 for the left eye is a period:
in which the shutter of the left lens is opened and the shutter of the right lens is closed.
Then; in the B-lighting period 232 for the right eye, an image signal writing operation and

control of the B backlight to be turned on are performed as in the R-lighting period 212 for

the right eye.  Further, the B-lighting period 232 for the right eye is a period in which the

shutter of the right lens is opened and the shutter of the left lens is closed.
[0039]

Note that in description in this specification, "the shutter is opened"” or "the shutter
is closed" corresponds to controlling voltage applied to a liquid crystal element of the left
lens or the right lens. Thus, in drawings illustrating timing charts, opening the shutter is
denoted by "ON" and closing the shutter is denoted by "OFF". |
[0040]

In the field sequential driving, the viewer perceives the image for the left eye or

the- image' for the Tight eyé while sequential lighting of the R, G, and B backlights are

repeated, as described in Patent Document 1. Therefore, in the structure in which a
stereoscopic image is perceived by alternate and sequential display of the images for the
left eye and the images for the right eye, it is necessary to turn on the R backlight, the G

backlight, and the B backlight one after the other at high rate for each of the images for the
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left and right eyes; accordingly, there is a concern about an increase in power consumption.
[0041]

On the other hand, in the timing chart of this embodiment in FIG. 2, the lighting
period for the left eye and the lighting period for the right éye are sequentially provided in
each of the R-lighting period 201, the G-lighting period 202, and the B-lighting period 203.
The R lighting, the G lighting, and the B lighting are sequentially. performed in each of
displays of the images for the left eye and the right eye; thus, the number of switching
operations of backlight lighting, such as switching from the R lighting to the G lighting,
and switching from the G lighting to the B lighting, can be reduced. Therefore, power
consumption needed for switching lightings of the backlights can be reduced. The larger
the liquid crystal display device and the number of light sources of the backlight portion
become, the more suitable the structure of this embodiment becomes.

[0042]

Note that the timing chart in FIG. 2 shows a structure in which in the R-lighting
period 201, the G-lighting period 202, and the B-lighting period 203, the backlight is
turned off in an image signal writing operation in a period in which the lighting period for
the left eye and the lighting period for the right eye are sequential, that is, for example, in
the R-writing period RR for the right eye. That is a structure in which perception of a
writing operation to each pixel is prevented, which may be caused when the backlight is on.
Note that in the structure of this embodiment, in the case where opening and closing the
shutters of the left panel for the left eye and the right panel for the right eye of the glasses
are switched, the structure is realized in which the backlight is kept on, without the
backlight turned off, in the irﬁage signal writing operation in the period in which the
lighting period for the left eye and the lighting period for the right eye are sequential, that
is, for example, in the R-writing period RR for the right eye. With the structure in which
the backlight is kept on ifi the R-lighting period 201, the G-lighting period 202, and the
B-lighting period 203, power consumption can be reduced in comparison with the structure
in which lighting of the R, G, and B backlights is repeated and the structure of the timing
chart in FIG. 2. |
[0043]
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Note that in the case of displaying an image with the field sequential driving, it is
preferable that lighting periods of R, G, and B in the stereoscopic image display period 200
be short so that display defects due to color breaking is hardly visible. Therefore, in view
of enlargement of the liquid crystal display device, a transistor with a semiconductor layer
including an oxide semiconductor is preferable as a transistor provided for each pixel of the
liquid crystal display device for shortening the lighting period. A transistor with a
semiconductor layer including an oxide semiconductor can be driven at high speed because
of its high field effect mobility in comparison with a transistor with a semiconductor layer
including amorphous silicon, can be fabricated without a process such as laser irradiation,
and can realize formation of a transistor over a large substrate; accordingly, the transistor
with a semiconductor layer including an oxide semiconductor is preferable. Further, a
liquid -crystal material of a liquid crystal element provided in the liquid crystal display
device is preferably a liquid crystal material which can respond to high-speed driving.
For example, as a liquid crystal material, ferroelectric liquid crystal, a liquid crystal
material which exhibits a blue phase, and a liquid crystal material which exhibits a nematic
phase with a narrow cell gap are preferably used. |
[0044]

Note that the structure in which three colors of R, G, and B are used as colors of
light sources of the backlights is described in FIG. 2; however, colors such as Y (yellow), C
(cyan), and M (magenta) may be used. A structure in which as another color in addition
to R, G, and B, white (hereinafter, sometimes abbreviated to W) obtained by lighting R, G,
and B at the same time is used is shown in FIG. 5 and described in addition to the structure
in FIG. 2.

[0045]. |

A timing chart in FIG. 5 is different from that in FIG. 2 in that a W-lighting period
204 is provided in the stereoscopic image display period 200. The W-lighting period 204
has a W-lighting period 251 for a left eye and a W-lighting period 252 for a right eye. In
the timing chart in FIG. 5, in the W-lighting period 251 for the left eye which comes after
the B-lighting period 203, an image signal writing operation is performed as in the

R-lighting period 211 for the left eye, and control of the R, G, and B backlights to be turned
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on are performed. Further, the G-lighting period 221 for the left eye is a period in which
the shutter of the left lens is opened and the shutter of the right lens is closed. Then, in
the W-lighting period 252 for the right eye, an image signal writing operation and control
of the R, G, and B backlights to be turned on are performed as in the R-lighting period 212
for the right eye.  Further, the W-lighting period 252 for the right eye is a period in which
the shutter of the right lens is opened and the shutter of the left lens is closed.

[0046]

A color corresponding to white in addition to R, G, and B is added as in the timing
chart in FIG. 5, so that display defects due to color breaking which occurs in displaying an
image with the field sequential driving can hardly be visible. = Therefore, reduction in
color breaking in the field sequential driving can be achieved.

[0047]

In addition to the structure described with reference to FIG. 5 in which white
obtained by lighting R, G, and B at the same time is used, the structure in which a light
source capable of emitting white light alone is used is described with reference to FIG. 6.
[0048]

A timing chart in FIG. 6 is different from that in FIG. 5 in that control of turning
on a W-light source separately provided in addition to light sources of R, G, and B is
performed in the W-lighting period 204 which comes after the B-lighting period 203. As
in the structure in FIG. 6, the W-light source separately provided in addition to light sources
of R, G, and B is turned on in the W-lighting period 251 for the left eye and the W-lighting
period 252 for the right eye, so that the number of light sources which are turned on can be
reduced in comparison with the structure in which R, G, and B are 1it at the same time, and
power consumption can also be reduced.

[0049]

FIG. 3 shows 4 timing chart different from that in FIG. 2.
[0050]

FIG. 3 shows the timing chart in the stereoscopic image display period 200, as in
FIG. 2. The stereoscopic image display period 200 has the R-lighting ‘period 201, the
G-lighting period 202, and the B-lighting period 203, as in FIG. 2. The R-lighting period
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201 has the R-lighting period 211 for a left eye and the R-lighting period 212 for a right
eye, as in FIG. 2. The G-lighting period 202 has the G-lighting period 221 for a left eye
and the G-lighting period 222 for a right eye, as in FIG. 2. The B-lighting period 203 has
the B-lighting period 231 for a left eye and the B-lighting period 232 for a right eye, as in
FIG. 2.
[0051]

In the R-writing period LR for the left eye of the R-lighting period 211 for the left
éye, the writing operation 241 to sequentially write im_age signals to gate signal lines (scan
lines) from the first to the last row is performed, and the backlight portion is controlled so
as to turned off the R backlight. Further, the R-writing period LR for the left eye is a
period in which the shutters of the left panel for the left eye and the right panel for the right
eye are closed. After the image signal writing operation 241 is performed up to the last
row, the R backlight is turned on, the shutter of the left lens is opened, and.the shutter of
the right lens is closed.

[0052]

Note that in the structure in FIG. 3, the shutters of the left panel for the left eye and
the right panel for the right eye are closed in the image signal writing operation of the
R-writing period LR for the left eye. Accordingly, the backlight portion may be
controlled so that the R backlight is turned on in the image signal writing operation of the
R-writing period LR for the left eye.

[0053]

Then, in the R-writing period RR for the right eye of the R-lighting period 212 for
the right eye, the writing opération 242 to sequentially write image signals to the gate
signal ‘lines (scan lines) from the first to the last row is performed, and the backlight
portion is controlled so as to turn on the R backlight. Further, the R-writing period RR for
the right eye is a period in which the shutters of the left panel for the left eye and the right
panel for the right eye are closed. After the image signal writing operation 242 is
performed up to the last row, the R backlight is turned on, the shutter of the right lens is
opened, and the shutter of the left lens is closed.

[0054]
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Note that in the structure in FIG. 3, the shutters of the left panel for the left eye and
the right panel for the right eye are closed in the image signal writing operation of the
R-writing period RR for the right eye. Accordingly, the backlight portion can be
controlled so that the R backlight is turned on in the image signal writing operation of the
R-writing period RR for the right eye. In other words, with the structure of the timing
chart in FIG. 3, the number of operations for switching on and off the R backlight in the
R-lighting period 201 can be reduced. Therefore, power consumption needed for
switching lightings of the backlights can be reduced. The larger the liquid crystal display
device and the number of light sources of the backlight portion become, the more suitable
the structure of this embodiment becomes.

[0055]

Next, in the G-lighting period 221 for the left eye, an image signal writing
operation and control of the G backlight to be turned on are performed as in fhe R-lighting
period 211 for the left eye. Further, the shutters of the left panel for the left eye and the
right panel for the right eye are closed in the image signal writing operation. After the
writing operation is finished, the G-lighting period 221 for the left eye is a period in which
the shutter of the left lens is opened and the shutter of the right lens is closed. Then, in
the G-lighting period 222 for the right eye, an image signal writing operation and control of
the G backlight to be turned on are performed as in the R-lighting period 212 for the right
eye. Further, the shutters of the left panel for the left eye and the right panel for the right
eye are closed in the image signal writing operation. After the writing operation is
finished, the G-lighting period 222 for the right eye is a period in which the shutter of the
right lens is opened and the shutter of the left lens is closed.

[0056]

Next, in the B-lighting perlod 231 for the left eye, an image 51gna1 wrltlng
operation and ‘control of the G backlight to be turned on are performed as in the R-lighting
period 211 for the left eye. Further, the shutters of the left panel for the left cye and the
right'panel for the right eye are closed in the image signal writing operation. After the
writing operation is finished, the B-lighting period 231 for the left eye is a period in which

the shutter of the left lens is dpened and the shutter of the right lens is closed. Then, in
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the B-lighting period 232 for the right eye, an image signal writing operation and control of
the B backlight to be turned on are performed as in the R-lighting period 212 for the right
eye. Further, the shutters of the left panel for the left eye and the right panel for the right
eye are closed in the image signal writing operation. After the writing operation is
finished, the B-lighting period 232 for the right eye is a period in which the shutter of the
right lens is opened and the shutter of the left lens is closed.

[0057]

Note that for the structure in FIG. 3, the structure can be used in which as another
color in addition to R, G, and B, white obtained by lighting R, G, and B at the same time is
used, as in FIG. 5. FIG. 7 shows a specific timing chart. A color corresponding to white
in addition to R, G, and B is added as in the timing chart in FIG. 7, so that display defects
dﬁe to color breaking which occurs in displaying an image with the field sequential driving
can hardly be visible, in addition to the effect of the structure in FIG. 3. Therefore,
reduction in color breaking in the field sequential driving can be achieved.

[0058] |

In addition to the structure described in FIG. 7 in which white obtained by lighting
R, G, and B at the same time is used, the structure in which a light source capable of
emitting white light alone can be obtained is used is described with reference to FIG. 8.
As in the structure in FIG. 8, the W-light source separately provided in addition to light
sources of R, G, and B is turned on in the W-lighting period 251 for the left eye and the
W-lighting period 252 for the right eye, so that the number of light sources which are
turned on can be reduced in comparison with the structure in which R, G, and B are lit at
the same time, and power consumption can also be reduced.

[0059]

Then, FIG. 4 shows a diagram illustrating how the left and right eyes of the viewer
perceive the images displayed in the stereoscopic image diSplay peribd 200 with the
structure illustrated in the timing charts of FIG. 2 and FIG. 3.

[0060] '
As shown in FIG. 4, in the timing charts of FIG. 2 and FIG. 3, in the stereoscopic

image display period 200, the left eye of the viewer perceives an image displayed by
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lighting the R backlight, an image displayed by lighting the G backlight, and an image
displayed by lighting the B backlight as an image in a mixed color (in FIG. 4, the image for
the left eye), and the right eye of the viewer perceives an image displayed by the R
backlight, an image displayed by the G backlight, and an image displayed by the B
backlight as an image in a mixed color (in FIG. 4, the image for the right eye).

[0061]

In FIG. 4, the left eye of the viewer perceives the image for the left eye through
the following periods: the R-writing period LR for the left eye in which the image not
perceived (BLANK in FIG. 4), an R-lighting period (R_L in FIG. 4), a period in which the
image is not perceived because of display of the image for the right eye (BLANK in FIG.
4), a G-writing period LG for the left eye in which the image is not perceived (BLANK in
FIG. 4), the G-lighting period (R_L in FIG. 4), a period in which the image is not perceived
because of display of the image for the right eye (BLANK in FIG. 4), a B-writing period
LB for the left eye in which the image is not perceived (BLANK in FIG. 4), the B-lighting
period (B_L in FIG. 4), and a period in which the fmage is not perceived because of display
of the image for the right eye (BLANK in FIG. 4). In other words, the left eye of the
viewer perceives the image for the left eye in a mixed color by switching light which is
emitted from the backlight portion, and which corresponds to a plurality of colors (RGB),
within a predetermined period.

[0062]

In FIG. 4, the right eye of the viewer perceives the image for the right eye through
the following periods: a period in which the image is not perceived because of display of
the image for the right eye (BLANK in FIG. 4), the R-writing period RR for the right eye in
which the image not perceived (BLANK in FIG. 4), the R-lighting period (R_L in FIG. 4), a

period in which the image is not perceived because of display of the image for the left eye

" (BLANK in FIG. 4), a G-writing period RG for the right eye in whiéh the image is not

perceived (BLANK in FIG. 4), the G-lighting period (R_L in FIG. 4), a period in which the
image is not perceived because of display of the image for the left eye (BLANK in FIG. 4),
a B-writing period RB for the right eye in which the image is not perceived (BLANK in
FIG. 4), and the B-lighting period (B_L in FIG. 4). In other words, the left eye of the
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viewer perceives the image for the right eye in a mixed color by switching light which is
emitted from the backlight portion, and which corresponds to a plurality of colors (RGB),
within a predetermined period.

[0063]

‘ Within the stereoscopic image display period 200, as illustrated in FIG. 4, the left
and right eyes of the viewer perceive an image displayed by lighting the R backlight, an
image displayed by lighting the G backlight, and an image displayed by lighting the B
backlight. As shown in FIG. 4, in the timing charts of FIG. 2 and FIG. 3, a period in
which the backlight emits light which corresponds to a plurality of colors (RGB) is
provided so that colors are mixed to be perceived as display of the image, and a period in
which display of the image is not perceived (BLANK in FIG. 4) is provided in the period in
which the baéklights emit light which corresponds to a plurality of colors (RGB). Thus,
with the driving method of this embodiment, the viewer perceives display of the image in
which a black image is appropriately inserted; therefore, a residual image, blur,
color-breaking, and the like in displaying a moving image can be suppressed, which results
in improvement of moving image display characteristics.

[0064]

This embodiment can be combined with any of the other embodiments in this
specification as appropriate.
[0065]

[Embodiment 2]

In this embodiment, an example of a structure of a backlight portion (also referred
to as a backlight or a backlight unit) which can be used for the liquid crystal display device
disclosed in this specification will be described with reference to FIGS. 9A to 9C.

[0066]

"FIG. 9A illustrates an example of a liquid crystal diséiay device in_(.:lu;ﬁné a what
is called edge-light type backlight portion 5201 and a display panel 5207. An edge-light
type has a structure in which a light source is provided at an end of the backlight portion
and light from the light source is emitted from the entire light-emitting surface.

[0067]
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The backlight portion 5201 includes a diffusion plate 5202 (also referred to as a
diffusion sheet), a light guide plate 5203, a reflection plate 5204, a lamp reflector 5205, and
a light source 5206. Note that the backlight portion 5201 may also include a luminance
improvement film or the like.

[0068]

The light source 5206 has a function of emitting light with different colors (RGB)
as necessary. For example, as the light source 5206, a cold cathode fluorescent lamp
(CCFL) provided with a color filter, a light emitting diode, an EL element, or the like is

used.

[0069)]

FIG. 9B illustrates a detailed structure of an edge-light type backlight portion.
Note that description of the diffusion plate, the light guide plate, the reflection plate, and
the like is omitted. |
[0070]

The backlight portion 5201 illustrated in FIG. 9B has a structure in which
light-emitting diodes (LEDs) 5223R, 5223G, and 5223B corresponding to R, G, and B,
respectively are used as light sources. The light-emitting diodes (LEDs) 5223R, 5223G,
and 5223B corresponding to R, G, and B, respectively are provided at a predetermined
interval. In addition, a lamp reflector 5222 is provided té efficiently reflect light from the
light-emitting diodes (LEDs) 5223R, 5223G, and 5223B corresponding to R, G, and B,

respectively. Note that a diode which emits white light may be provided as a light source

' in addition to the light-emitting diodes (LEDs) 5223R, 5223G, and 5223B corresponding to

R, G, and B, respectively.
[0071]

FIG. 9C illustrates an example of a liquid crystal display device including a what
is-called direct-below-type backlight portion and a liquid crystal panel. A direct-below
type has a structure in which a light source is provided directly under a light-emitting
surface and light from the light source is emitted from the entire light-emitting surface.
[0072] .

A backlight portion 5290 includes a diffusion plate 5291, a light-shielding portion
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5292, a lamp reflector 5293, a liquid crystal panel 5295, and light-emitting diodes (LEDs)
5294R, 5294G, and 5294B corresponding to R, G, and B, respectively.
[0073]

Note that in the what is called direct-below-type backlight portion, an EL element
which is a light-emitting element is used instead of a light-emitting diode (LED) serving as
a light source, so that the thickness of the backlight portion can be reduced.

[0074]

Note that the backlight portion described in FIGS. 9A to 9C may have a structure
in which luminance is adjusted. For example, luminance is adjusted in accordance with
illuminance around the liQuid crystal display device or luminance is adjusted in accordance
with an image signal for display may be employed.

[0075]

This embodiment can be combined with any of the other embodiments as
appropriate.
[0076]
[Embodiment 3]

In this embodiment, an example of a transistor that can be applied to a liquid
crystal display device disclosed in this specification will be described. There is no
particular limitation on a 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 having a top-gate structure in which a gate electrode is

_provided above an oxide semiconductor layer with a gate insulating layer interposed or a

bottom-gate structure in which a gate electrode is provided below an oxide semiconductor
layer with a gate insulating layer interposed, can be used. The transistor may have a

single gate structure including one channel formation region, a double gate structure

- including two channel formation tegions, or a triple gate structure including three channel

formation regions. Alternatively, the transistor may have a dual gate structure including
two gate electrode layers provided over and below a channel region with a gate insulating
layer interposed. FIGS. 10A to 10D illustrate examples of cross-sectional structures of

transistors. Each of the transistors illustrated in FIGS. 10A to 10D includes an oxide
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semiconductor as a semiconductor layer. An advantage of using an oxide semiconductor
is that high field-effect mobility (the maximum value is 5 cm®/Vsec or higher, preferably in
the range of 10 cm?/Vsec to 150 cmz/Vsec) can be obtained when a transistor is on, énd
low off-state current (for example, off-state current per channel width is lower than ‘1
aA/um, preferably lower than 10 zA/um and lower than 100 zA/um at 85 °C) can be
obtained when the transistor is off.

[0077]

A transistor 410 illustrated in FIG. 10A is one of bottom-gate transistors and is
also referred to as an inverted staggered transistor.
[0078]

The transistor 410 includes, over a substrate 400 having an insulating surface, a
gate electrode layer 401, a gate insulating layer 402, an oxide semiconductor layer 403, a
source electrode layer 405a, and a drain electrode layer 405b. An insulating film 407 is
provided to cover the transistor 410 and be stacked over the oxide semiconductor layer 403.
Further, a protective insulating layer 409 is formed over the insulating film 407.

[0079] .

A transistor 420 illustrated in FIG. 10B is one of bottom-gate transistors referred to
as a channel-protective type (also referred to as a channel-stop type) and is also referred to
as an inverted staggered transistor.

[0080]

The transistor 420 includes, over the substrate 400 having an insulating surface,
the gate electrode layer 401, the gate insulating layer 402, the oxide semiconductor layer
403, an insulating layer 427 functioning as a channel protective layer covering a channel
formation region of the oxide semiconductor layer 403, the source electrode layer 405a,

and the drain electrode layer 405b. Further, the protective insulating layer 409 is formed

- to cover the transistor 420.

[0081]
A transistor 430 illustrated in FIG. 10C 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
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the oxide semiconductor layer 403. The insulating film 407 is provided to cover the
transistor 430 and to be in contact with the oxide semiconductor layer 403. Further, the
protective insulating layer 409 is formed over the insulating film 407.

{0082]

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; the source electrode layer 405a and
the drain electrode layer 405b are provided over and in contact with the gate insulating
layer 402. The oxide semiconductor layer 403 is provided over the gate insulating layer
402, the source electrode layer 405a, and the drain electrode layer 405b.

[0083]

A transistor 440 illustrated in FIG. 10D is one of top-gate transistors. 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 provided in contact with and electrically
connected to the source electrode layer 405a and the drain electrode layer 405b
respectively. |
[0084]

In this embodiment, the oxide semiconductor layer 403 is used as a semiconductor
layer as described above. As an oxide semiconductor used for the oxide semiconductor
layer 403, the following metal oxides can be used: a four-component metal oxide such as
an In-Sn-Ga-Zn-O-based oxide semiconductor; a three-component metal oxide such as an
In-Ga-Zn-0O-based oxide semiconductor, an In-Sn-Zn-O-based oxide semiconductor, an
In-Al-Zn-O-based oxide semiconductor, a Sn-Ga-Zn-O-based oxide semiconducfor, an

Al-Ga-Zn-O-based oxide semiconductor, and a Sn-Al-Zn-O-based oxide semiconductor; a

~two-component metal oxide such as an In-Zn-O-based oxide semiconductor, a

Sn-Zn-O-based oxide semiconductor, an Al-Zn-O-based oxide semiconductor, a
Zn-Mg-O-based oxide semiconductor, a Sn-Mg-O-based oxide semiconductor, and an
In-Mg-O-based oxide semiconductor; an In-O-based oxide semiconductor; a Sn-O-based

oxide semiconductor; a Zn-O-based oxide semiconductor; an In-Ga-O-based oxide
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semiconductor. In addition, SiO» may be contained in the above oxide semiconductor.
Here, for example, an In-Ga-Zn-O-based oxide semiconductor means an oxide film
containing indium (In), gallium (Ga), and zinc (Zn), and there is no particular limitation on
the composition ratio thereof. The In-Ga-Zn-O-based oxide semiconductor may contain
an element other than In, Ga, and Zn.

[0085]

As the oxide semiconductor layer 403, a thin film represented by a chemical
formula of InMO3(Zn0O),, (m > 0) can be used. Here, M represents one or more metal
elements selected from Zn, Ga, Al, Mn, and Co. For example, M can be Ga, Ga and Al,
Ga and Mn, Ga and Co, or the like.

[0086]

In each of the transistors 410, 420, 430, and 440 including the oxide
semiconductor layer 403, the current value in an off state (off-state current value) can be
reduced. Thus, in a pixel, a capacitor for holding an electric signal such as an image
signal can be designed to be smaller. Accordingly, the aperture ratio of the pixel can be
increased, so that power consumption can be suppressed. |
[0087]

In addition, each of the transistors 410, 420, 430, and 440 including the oxide
semiconductof layer 403 can operate at high speed because relatively high field-effect
mobility can be obtained. It has been found that color breaking is reduced by increase in
frame frequency. Consequently, when the abo&e transistors are used in a pixel portion of
a liquid crystal display device, color breaking can be suppressed by increase in frame
frequency and high-quality images can be obtained. In addition, since the above
transistors can be provided in each of a driver circuit portion and a pixel portion over one
substrate, the number of components of the liqﬁid crystal display device can be reduced.
[0088] |

There is no limitation on a substrate that can be applied to the substrate 400
having an insulating surface; however, a glass substrate such as a glass substrate made of
barium borosilicate glass or aluminosilicate glass is used.

[0089]
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In the bottom-gate 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 stacked-layer structure using one or more of a silicon nitride film,
a silicon oxide film, a silicon nitride oxide film, and a silicon oxynitride film.

[0090]

The gate electrode layer 401 can be formed to have a single-layer structure or a
stacked-layer structure using any 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.

[0091] .

~ The gate insulating layer 402 can be formed With a single-layer structure or a
stacked structure using any 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, and a hafnium ‘
oxide layer by a plasma CVD method, a sputtering method, or the like. For example, a
silicon nitride layer (SiN, (y > 0)) having a thickness of 50 nm to 200 nm inclusive is
formed as a first gate insulating layer by a plasma CVD method, and a silicon oxide layer
(SiOx (x > 0)) having a thickness of 5 nm to 300 nm inclusive is formed as a second gate
insulating layer over the first gate insulating layer, so that a gate insulating layer with a
total thickness of 200 nm is formed.
[0092] _

As a conductive film used for the source electrode Iéyer 405a and the drain
electrode layer 405b, for example, a metal film containing an element selected from Al, Cr,

Cu, Ta, Ti, Mo, and W and a metal nitride film containing the above elements as its main

" component (a titanium nitride film, a molybdenum nitride film, and a tungsten nitride film)

can be used. A metal film having a high melting point of Ti, Mo, W, or the like or a metal
nitride film of these elements (a titanium nitride film, a molybdenum nitride film, and a
tungsten nitride film) may be stacked on one of or both of a lower side or an upper side of a

metal film of Al, Cu, or the like.
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[0093]

A conductive film functioning as the wiring layer 436a and the. wiring layer 436b
connected to the source electrode layer 405a and the drain electrode layer 405b can be
formed using a material similar to that of the source electrode layer 405a and the drain
electrode layer 405b.

[0094] _

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 the source electrode
layer 405a and the drain electrode layer 405b) may be formed using conductive metal
oxide. As the conductive metal oxide, indium oxide (In,O3), tin oxide (SnQ,), zinc oxide
(Zn0), an alloy of indium oxide and tin oxide (In,03-SnOy, referred to as ITO), an alloy of
indium oxide and zinc oxide (In,03-ZnO), and such a metal oxide material containing
silicon oxide can be used.

[0095]

As the insulating films 407 and 427 provided over the oxide semiconductor layer,
and the insulating film 437 provided under the oxide 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.

[0096]

For the protective insulating layer 409 provided over the oxide 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.

[0097]
Further, a planarization insulating film may be formed over the protective

insulating layer 409 so that surface roughness due to the transistor is reduced. As the

-planarization " insulating film, an organic material such as polyimide, acrylic, and

benzocyclobutene can be used. Besides the above 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 stacking a plurality of insulating films formed of these

materials.
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[0098]

An example of a pixel in a liquid crystal display device using such a transistor is
illustrated in FIG. 11 and FIG. 12. FIG. 11 is a plan view of the pixel and FIG. 12 is a
cross-sectional view taken along a line A-B shown in FIG. 11. Note that FIG. 11
illustrates a plan view of the substrate 400 over which the transistor 410 is formed, and FIG.
12 illustrates a structure in which a counter substrate 416 and a liquid crystal layer 414 are
formed in addition to a structure of the substrate 400 over which a transistor 410 is formed.
Th'e following description will be given with reference to both FIG. 11 and FIG. 12.

[0099]

The transistor 410 has the same structure as that of FIG. 10A, and includes the
gate electrode layer 401, the gate insulating layer 402, and the oxide semiconductor layer
403. In a pixel, the gate electrode layer 401 is formed to extend in one direction. The
oxide semiconductor layer 403 is provided to overlap with the gate electrode layer 401

with the gate insulating layer 402 interposed therebetween. The source electrode layer

'405a and the drain electrode layer 405b are provided over the oxide semiconductor layer

403 (note that here, the terms "the source electrode layer 405a" and "the drain electrode
layer 405b" are used just for convenience in order to distinguish electrodes in the transistor
410 between source and drain). The source electrode layer 405a is extended in a direction
to intersect with the gate electrode layer 401. A first pixel electrode 411 is provided over
the protective insulating layer 409, and the first pixel electrode 411 is connected to the
drain electrode layer 405b through a contact hole 412. The first pixel electrode 411 is
formed from a transparent electrode material such as indium tin oxide, zinc oxide, or tin
oxide.

[0100]

Further, a common wiring layer 417 and a common electrode layer 418 which are

-~ provided ifi the same layer as the gate electrode layer 401 are provided, and a second pixel

electrode 419 is provided. Note that although not particularly illustrated in FIG. 11 and
FIG. 12, a storage capacitor may be provided in the pixel as necessary.

[0101]

The first pixel electrode 411 and the second pixel electrode 419 are formed to
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have a comb shape and can control alignment of liquid crystal in accordance with the
electric field generated between the electrodes. Such a structure is applied to an IPS
(in-plane switching) mode. The IPS mode is a mode of controlling alignment of liquid
crystal molecules of a liquid crystal panel. The ‘IPS mode is a mode in Which an electrode
is provided so as to be horizontal to the substrate and liquid crystal molecules are
horizontal.

[0102]

A counter electrode 415 is provided on the counter substrate 416 side. The liquid
crystal layer 414 is provided between the substrate 400 and the counter substrate 416. An
alignment film 413 is provided to be in contact with the liquid crystal layer 414.
Alignment treatment for the alignment film 413 is made by an optical alignment method or
a rubbing method. As a liquid crystal phase of the liquid crystal layer 414, a blue phase,
or the like can be used.

[0103]

‘ The following components constitutes one unit: the transistor 410 in which the
oxide semiconductor layer 403 is provided to overlap with .the gate electrode layer 401
with the gate insulating layer 402 interposed therebetween; the first pixel electrode 411
which is connected to the source side or the drain éide of the transistor 410 and drives
liquid crystal; the second pixel electrode 419 provided to face the first pixel electrode 411;
and the liquid crystal layer 414. A pixel can be constituted by the one or more of units,
and the pixels are provided in matrix, whereby a display panel for displaying an image or
the like can be formed.

[0104]

Note that in addition to the IPS mode illustrated in FIG. 11 and FIG. 12, a TN
(twisted nematic) mode in which a cell gap is small can be applied. An example of a
pixel of a TN mode liquid crystal display device is illustrated in FIG. 13 and FIG, 14. FIG,
13 is a plan view of the pixel and FIG. 14 is a cross-sectional view taken along a line A-B
shown in FIG. 13. Note that FIG. 13 illustrates a plan view of the substrate 400 over
which the transistor 610 is formed, and FIG. 14 illusfrates a structure in which a counter

substrate 616 and a liquid crystal layer 614 are formed in addition to a structure of the
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substrate 600 over which a transistor 610 is formed. The following description will be
given with reference to both FIG.. 13 and FIG. 14.
[0105]

The transistor 610 has the same structure as that of FIG. 10A, and includes the
gate electrode layer 601, the gate insulating layer 602, and the oxide semiconductor layer
603. In a pixel, the gate electrode layer 601 is formed to extend in one direction. The
oxide semiconductor layer 603 is provided to overlap with the gate electrode layer 601
with the gate insulating layer 602 interposed therebetween. The source electrode layer
605a and the drain electrode layer 605b are provided over the oxide semiconductor layer
603 (note that here, the terms "the source electrode layer 605a" and "the drain electrode
layer 605b" are used just for convenience in order to distinguish electrodes in the transistor
610 between source and drain).  The source electrode layer 605a is extended in a direction
to intersect with the gate electrode layer 601. A pixel electrode 611 is provided over the
protective insulating layer 609 which is formed over an insulating film 607, and the pixel
electrode 611 is connected to the drain electrode layer 605b through a contact hole 612.
The pixel electrode 611 is formed from a transparent electrode material such as indium tin
oxide, zinc oxide, or tin oxide.

[0106]

A storage capacitor 619 may be provided as appropriate. When the storage
capacitor 619 is provided, the storage capacitor 619 is formed including a capacitor wiring
layer 617 formed in the same layer as the gate electrode layer 601, and a capacitor
electrdde layer 618. Between the capacitor wiring layer 617 and the capacitor electrode
layers 618, the gate insulating layer 602 is cXtended to function as a dielectric, so that the
storage capacitor 619 are formed.

[0107]

The pixel electrode 611 can control the alignment of liquid crystal by facing a
counter electrode 615 on the counter substrate 616 side. Such a structure is applied in the
case of the TN (twisted nematic) mode. The TN mode is a mode of controlling alignment
of liquid crystal molecules of a liquid crystal panel.

[0108]
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A counter electrode 615 is provided on the counter substrate 616 side. The liquid
crystal layer 614 is provided between the substrate 600 and the counter substrate 616. An
alignment film 613 is provided to be in contact with the liquid crystal layer 614.
Alignment treatment for the alignment film 613 is made by an optical alignment method or
a rubbing method. As é liquid crystal phase of the liquid crystal layer 616, a nematic
phase, or the like can be used.

[0109]

The following components constitutes one unit: the transistor 610 in which the
oxide semiconductor layer 603 is provided to overlap with the gate electrode layer 601
with the gate insulating layer 602 interposed therebetween; the pixel electrode 611 which is
connected to the source side or the drain side of the transistdr 610 and drives liquid crystal;
the counter electrode 615 provided to face the pixel electrode 611; and the liquid crystal
layer 614 provided between the pixel electrod.c 611 and the counter electrode 615. A
pixel can be constituted by the one or more of units, and the pixels are provided in matrix,
whereby a display panel for displaying an image or the like can be formed.

[0110]

In such a manner, by using a transistor including an oxide semiconductor layer
having high field-effect mobility and low off-state current in this embodiment, a liquid
crystal display device with low power consumption can be provided.

[0111] -
| This embodiment can be implemented by combination with structures described in |
the other embodiments as appropriate.
[0112]
[Embodiment 4]

In this embodiment, examples of a transistor including an oxide semiconductor
layer and a manufacturing method thereof will be described in detail below with reference
to FIGS. 15A to 15E. The same portion as or a portion having a function similar to those
in the above embodiments, and repetitive description is omitted. In addition, detailed
description of the same portions is not repeated.

[0113]
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FIGS. 15A to 15E illustrate an example of a cross-sectional structure of a
transistor. A transistor 510 illustrated in FIGS. 15A to 15E is an inverted staggered thin
film transistor having a bottom gate structure, which is similar to the transistor 410
illustrated in FIG. 10A.

[0114]

Hereinafter, a manufacturing process of the transistor 510 over a substrate 505 is
described with reference to FIGS. 15A to 15E.
[0115]

First, a conductive film is formed over the substrate 505 having an insulating
surface, and then, a gate electrode layer 511 is formed through a first photolithography step.
Note that a resist mask may be formed by an inkjet method. Formation of the resist mask
by an inkjet method needs no photomask; thus, manufacturing cost can be reduced.

[0116]

As the substrate 505 having an insulating surface, a substrate similar to the
substrate 400 described in Embodiment 4 can be used. In this embodiment, a glass
substrate is used as the substrate 505.

[0117]

An insulating film serving as a base film may be provided bctwéen the substrate
505 and the gate electrode layer 511.  The base film has a function of preventing diffusion
of an impurity element from the substrate 505, and can be formed with a single-layer
structure or a stacked-layer structure using one or more of a silicon nitride film, a silicon
oxide film, a silicon nitride oxide film, and a silicon oxynitride film.

[0118]

The gate electrode layer 511 can be formed to have a single-layer structure or a
stacked-layer structure using any of a metal material such as molybdenum, titanium,
tantalum, tungsten, aluminum, copper, neodymium, or scandium, and an alloy material
which includes any of these as a main component.

[0119]
Next, a gate insulating layer 507 is formed over the gate electrode layer 511. The

gate insulating layer 507 can be formed by a plasma CVD method, a sputtering method, or
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the like to have a single layer structure or a stacked-layer structure using any of a silicon
oxide layer, a silicon nitride layer, a silicon oxynitride layer, a siliconv nitride oxide layer, an
aluminum oxide layer, an aluminum nitride layer, an aluminum oxynitride layer, an
aluminum nitride oxide layer, and a hafnium oxide layer.

[0120] | |

For the oxide semiconductor in this embodiment, an oxide semiconductor which is
made to be an i-type semiconductor or a substantially i-type semiconductor by removing an
impurity is used. Such a highly purified oxide semiconductor is highly sensitive to an
interface state and interface charges; thus, an interface between the oxide semiconductor
layer and the gate insulating layer is important. For that reason, the gate insulating layer
that is to be in contact with a highly purified oxide semiconductor needs to have high
quality. |
[0121]

For example, high-density plasma CVD using microwaves (e.g., with a frequency
of 2.45 GHz) is preferably adopted because an insulating layer can be dense and have high
withstand voltage and high quality. The highly purified oxide semiconductor and the
high-quality gate .insulating layér are in close contact with each other, whereby the
interface state density can be reduced to obtain favorable interface characteristics.

[0122]

Needless to say, another formation method such as a sputtering method or a
plasma CVD method can be employed as long as the method enables formation of a
high-quality insulating layer as a gate insulating layer.. Further, an insulating layer whose
film quality and characteristics of the interface between the insulating layer and an oxide
semiconductor are improved by heat treatment which is performed after formation of the

insulating layer may be formed as a gate insulating layer. In any case, any insulating

‘layer may be used as long as the insulating l'aye'r'hzis'charécieri-stics of enabling a reduction

in interface state density of the interface between the insulating layer and an oxide
semiconductor and formation of a favorable interface as well as having favorable film
quality as a gate insulating layer.

[0123]
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In order to contain hydrogen, a hydroxyl group, and moisture in the gate insulating
layer 507 and an oxide semiconductor film 530 as little as possible, it is preferable to
perform pretreatment for formation of the oxide semiconductor film 530. As the
pretreatment, the substrate 505 provided with the gate electrode layer 511 or a substrate
505 over which the gate electrode layer 511 and the gate insulating layer 507 are formed is
preheated in a preheating chamber of a sputtering apparatus, whereby an impurity such as
hydrogen or moisture adsorbed on the substrate 505 is removed and then, evacuation is
performed. As an evacuation unit provided in the preheating chamber, a cryopﬁmp is
preferable. Note that this preheating treatment can be omitted. Further, the above
preheating may be performed in a similar manner, on the substrate 505 in a sfate where a
source electrode layer 515a and a drain electrode layer 515b have been formed thereover
but an insulating layer 516 has not been formed yet.

[0124]

Next, over the gate insulating layer 507, the oxide semiconductor film 530 having
a thickness greater than or equal to 2 nm and less than or equal to 200 nm, preferably
greater than or equal to 5 nm and less than or equal to 30 nm is formed (see FIG. 15A).
[0125]

Note that before the oxide semiconductor film 530 is formed by a sputtering
method, powder substances (also referred to as particles or dust) which attach on a surface
of the gate insulating layer 507 are preferably removed by reverse sputtering in which an
argon gas is introduced and plasma is generated. The reverse sputtering refers to a
method in which, without applying a voltage to a target side, an RF power source is used
for application of a voltage to a substrate side in an argon atmosphere to generate plasma in
the vicinity of the substrate to modify a surface. Note that instead of an argon atmosphere,

a nitrogen atmosphere, a helium atmosphere, an oxygen atmosphere, or the like may be

“used.

[0126]
As an oxide semiconductor for the oxide semiconductor film 530, the oxide
semiconductor described in Embodiment 3 can be used. Further, SiO, may be contained

in the above oxide semiconductor. ~ In this embodiment, the oxide semiconductor film 530
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is deposited by a sputtering method with the use of an In-Ga-Zn-O-based oxide target. A
cross-sectional view at this stage is illustrated in FIG. 15A. Alternatively, the oxide
semiconductor film 530 can be formed by a sputtering method in a rare gas (typically
argon) atmosphere, an oxygen atmosphere, or a mixed atmosphere containing a rare gas
(typically argon) and oxygen.

[0127]

The target used for formation of the oxide semiconductor film 530 by a sputtering
method is, for example, an oxide target containing In>O3, Ga;03, and ZnO at a composition
ratio of 1:1:1[molar ratio], so that an In-Ga-Zn-O film is formed. Without limitation to
the material and the component of the target, for example, an oxide target containing Ih203,
Gay0s, and ZnO at 1:1:2 [molar ratio] may be used.

[0128]

The filling factor of the oxide target is greater than or equal to 90% and less than
or equal to 100%, preferably greater than or equal to 95% and less than or equal to 99.9%.
With use of the metal oxide target with high filling factor, a dense oxide semiconductor
film can be formed.

[0129]

It is preferable that a high-purity gas from which an impurity‘ such as hydrogen,
water, a hydroxyl group, or a hydride has been removed be used as a sputtering gas used
for forming the oxide semiconductor film 530.

[0130]

The substrate is held in a deposition chamber kept under reduced pressure, and the
substrate temperature is set to 100 °C to 600 °C inclusive, preferably 200 °C to 400 °C
inclusive. Formation of the oxide semiconductor film is conducted with heating the
substrate, whereby the concentration of impurities included in the formed oxide
semiconductor film can be reduced. In addition, 'damag.e by sbuttéri,r.x.g. éan Be erl;CCd.
Then, a sputtering gas from which hydrogen and moisture are removed is introduced into
the deposition chamber where remaining moisture is being removed, and the oxide
semiconductor film 530 is deposited with use of the above target, over the substrate 505.

In order to remove remaining moisture from the deposition chamber, an adsorption-type
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vacuum pump such as a cryopump, an ion pﬁmp, or a titanium sublimation pump is
preferably used. The evacuation unit may be a turbo pump provided with a cold trap. In
the deposition chamber which is evacuated with use of the cryopump, a hydrogen atom, a
compound including a hydrogen atom, such as water (H,O), (more preferably, also a
compound including a carbon atom), and the like are removed, whereby the concentration
of impurities in the oxide semiconductor film formed in the deposition chamber can be
reduced.

[0131]

As one example of the deposition condition, the distance between the substrate
and the target is 100 mm, the pressure is 0.6 Pa, the direct-current (DC) power source is 0.5
kW, and the atmosphere is an oxygen atmosphere (the proportion of the oxygen flow rate is
100%). Note that use of a pulse direct current power source is preferable because powder
substances (also referred to as particles or dust) generated in film formation can be rediiced
and the film thickness can be uniform.

[0132]

Then, through a second photolithography step, the oxide semiconductor film 530
is processed into an island-shaped oxide semiconductor layer. A resist mask for forming
the island-shaped oxide semiconductor layer may be formed bby an ink-jet method.
Formation of the resist mask by an inkjet method needs no photomask; thus, manufacturing
cost can be reduced.

[0133] |

In the case where a contact hole is formed in the gate insulating layer 507, a step
of forming the contact hole can be.performed at the same time as processing of the oxide
semiconductor film 530.

[0134]

"~ Note that the etching of the oxide semiconductor film 530 may be dry e;chir-lg, wet
etching, or both dry etching and wet etching. As an etchant used for wet etching of the
oxide semiconductor film 530, for example, a mixed solution of phosphoric acid, acetic
acid, and nitric acid, or the like can be used. In addition, ITOO7N (produced by KANTO
CHEMICAL CO., INC) may be used.
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[0135]

Next, the oxide semiconductor layer is subjected to first heat treatment. By this
first heat treatment, the oxide semiconductor layer can be dehydrated or dehydrogenated.
The temperature of the first heat treatment is higher than or equal to 400 °C and lower than
or equal to 750 °C, preferably higher than or equal to 400 °C and lower than the strain
point of the substrate. Here, the substrate is introduced into an.electric furnace which is
one of heat treatment apparatuses, heat treatment is performed on the oxide semiconductor
layer in a nitrogen atmbsphere at 450 °C for one hour, and then, the oxide semiconductor
layer is not exposed to the air so that entry of water and hydrogen into the oxide
semiconductor laye.r is prevented; thus, an oxide semiconductor layer 531 is obtained (see
FIG. 15B).

[0136]

Further, a heat treatment apparatus used in this step is not limited to an electric
furnace, and a device for heating an object to be processed by heat conduction or heat
radiation from a heating element such as a resistance heating element may be alternatively
used. For example, an RTA (rapid thermal anneal) apparatus such as a GRTA (gas rapid
thermal anneal) apparatus or an LRTA (lamp rapid thermal anneal) apparatus can be used.
An LRTA apparatus is an apparatus for heating an object to be processéd by radiation of
light (an electromagnetic wave) emitted from a lamp such as a halogen lamp, a metal
halide lamp, a xenon arc lamp, a carbon arc lamp, a high pressure sodium lamp, or a high
pressure mercury lamp. A GRTA apparatus is an apparatus for heat treatment using a
high-temperature gas. As the high temperature gas, an inert gas which does not react with
an object to be processed by heat treatment, such as nitrogen or a rare gas like argon, is
used.

[0137]

For example, as the first heat treatment, GRTA may be performed as follows: the
substrate is transferred and put into an inert gas heated to a high temperature as high as 650
°C to 700 °C, heated for several minutes, and taken out from the inert gas heated to the
high temperature.

[0138]
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Note that in the first heat treatment, it is f)referable that water, hydrogen, and the
like be not contained in the atmosphere of nitrogen or a rare gas such as helium, neon, or
argon. The purity of nitrogen or the rare gas such as helium, neon,. or argon which is
introduced into the heat treatment apparatus is preferably set to be 6N (99.9999%) or
higher, far preferably 7N (99.99999%) or higher (that is, the impurity concentration is
preferably 1 ppm or lower, far preferably 0.1 ppm or lower).

[0139]

After the oxide semiconductor layer is heated by the first heat treatment, a
high-purity oxygen gas, a high-purity N,O gas, or ultra-dry air (having a dew point of
-40 °C or lower, preferably —60 °C or lower) may be introduced into the same furnace. It
is preferable that water, hydrogen, or the like be not contained in the oxygen gas or the
N2O gas. Alternatively, the purity of an oxygen gas or an N;O gas which is introduced
into the heat treatment apparatus is preferably 6N or more, further preferably 7N or more
(i.e., the impurity concentration of the oxygen gas or the N,O  gas is» 1 ppm or lower,
preferably 0.1 ppm or lower). Although oxygen which is a main component included in
the oxide semiconductor has been reduced through the elimination of impurities by
performance of dehydration treatment or dehydrogenation treatment, oxygen is supplied by
the effect of intrbduction of the oxygen gas or the N,O gas in the above manner, so that the
oxide semiconductor layer is highly purified and made to be an electrically i-type
(intrinsic) semiconductor.

[0140]

Alternatively, the first heat treatment of the oxide semiconductor layer can be
performéd on the oxide semiconductor film 530 which has not yet been processed into the
island-shaped oxide semiconductor layer. In that case, the substrate is taken out from the

heat apparatus after the first heat treatment, and then a photolithography step is performed.

©[0141]

Note that other than the above timing, the first heat treatment may be performed at
any of the following timings as long as it is after the oxide semiconductor layer is formed.
For example, the timing may be after a source electrode layer and a drain electrode layer

are formed over the oxide semiconductor layer or after an insulating layer is formed over
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the source electrode layer and the drain electrode layer.
[0142]

Further, in the case where a contact hole is formed in the gate insulating layer 507,
the formation of the contact hole may be performed before or after the first heat treatment
is performed on the oxide semiconductor film 530.

[0143]

Alternatively, an oxide semiconductor layer may be formed through two
deposition steps and two heat treatment steps. The thus formed oxide semiconductor
layer has a thick crystalline region (single crystalline region), that is, a crystalline region
the c-axis of which is aligned in a direction perpendicular to a surface of the layer, even
when a base component includes any of an oxide, a nitride, a metal, or the like.v For
example, a first oxide semiconductor film with a thickness greater than or equal to 3 nm
and less than or equal to 15 nm is deposited, and first heat treatment is performed in a
nitrogen, oxygen, rare gas, or dry air atmosphere at 450 °C to 850 °C inclusive, preferably
550 °C to 750 °C inclusive, so that the first oxide semiconductor film has a crystalline
region (including a plate-like crystal) in a region including its surface. Then, a second
oxide semiconductor film which has a larger thickness than the first oxide semiconductor
film is formed, and second heat treatment is performed at 450 °C to 850 °C inclusive or
preferably 600 °C to 700 °C inclusive, so that crystal growth proceeds upward with use of
the first oxide semiconductor film as a seed of the crystal growth and the whole second
oxide semiconductor film is crystallized. In such a manner, the oxide semiconductor
layer having a thick crystalline region may be obtained.

[0144]

Next, a conductive film to Be the source and drain electrode layers (including a
wiring formed in the same layer as the source and drain electrode layers) is formed over the
gate insulating layér 507 and the oxide semiconductor layer 531. " The conductivé film fo
be the source and drain electrode layers can be formed using the material which is used for
the source electrode layer 405a and the drain electrode layer 405b described in
Embodiment 3.

[0145] |
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By performance of a third photolithography step, a resist mask is formed over the
conductive film, and selective etching is performed, so that the source electrode layer 515a
and the drain electrode layer 515b are formed. Then, the resist mask is removed (see FIG.
15C).

[0146]

Light exposure at the time of the formation of the resist mask in the third
photolithography step may be performed using ultraviolet light, KrF laser light, or ArF
laser light. A channel length L of the transistor formed later is determined by the distance
between the lower edge portion of the source electrode layer and the lower edge portion of
the drain electrode layer which are next to each other over the oxide semiconductor layer
531. In the case where a channel length L is less than 25 nm, light exposure for formation
of the resist mask in the third photolithography step may be performed using extreme
ultraviolet light having an extremely short wavelength of several nanometers to several
tens of nanometers. In the light exposure by extreme -ultraviolet light, the resolution is
high and the focus depth is large. For these reasons, the channel length L of the transistor
to be formed later can be in the range of 10 nm to 1000 nm inclusiVe, and the circuit can
operate at higher speed.

[0147]

In order to reduce the number of photomasks used in a photolithography step and
reduce the number of steps, an etching step may be performed with the use of a multi-tone
mask which is a light-exposure mask through which light is transmitted to have a plurality
of intensities. A resist mask formed with use of a multi-tone mask has a plurality of
thicknesses and further can be changed in shape by etching; therefore, the resist mask can
be used in a plurality of etching steps for processing into different patterns. Therefore, a
resist mask corresponding to at least two or more kinds of different patterns can be formed
with one multi-tone mask. Thus, the number of light-exposure masks can be reduced and
the number of corresponding photolithography steps can be also reduced, whereby
simplification of a process can be realized.

[0148]

Note that when the conductive film is etched, the optimum etching condition is
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desirably made so that the oxide semiconductor layer 531 can be prevented to be etched
together with the conductive film and divided. However, it is difficult to attain such a
condition that only the conductive film is etched and the oxide semiconductor layer 531 is
not etched at all. In etching of the conductive film,‘ the oxide semiconductor layer 531 is
partly etched in some cases, whereby the oxide semiconductor layer having a groove
portion (a depressed portion) is formed.

[0149]

In this embodiment, since a titanium (Ti) film is used as the conductivve film and
the In-Ga-Zn-O-based oxide semiconductor is used for the oxide semiconductor layer 531,
an ammonium hydrogen peroxide mixture (a mixed solution of ammonia, water, and
hydrogen peroxide) is used as an etchant.

[0150]

Next, by plasma treatment using a gas such as N,O, N,, or Ar, water or the like
adsorbed to a surface of an exposed portion of the oxide semiconductor layer may be
removed. In the case where the plasma treatment is performed, the insulating layer 516
which serves as a protective insulating film in contact with part of the oxide semiconductor
layer is formed without exposure to the air.

[0151]

The insulating layer 516 can be formed to a thickness of at least 1 nm by a method
by which an impurity such as water or hydrogen does not enter the insulating layer 516,
such as a sputtering method as appropriate. When hydrogen is contained in the insulating
layer 516, the hydrogen enters the oxide semiconductor layer or extracts oxygen from the
oxide semiconductor layer, which causés a reduction in resistance of a back channel of the
oxide semiconductor layer (i.e., makes an n-type back channel), so that a parasitic channel
might be formed. Therefore, it is important for the insulating layer 516 that hydrogen is
not used in a formation method in order to contain hydrogen as little as p'oss.ible: o
[0152] |

In this embodiment, a silicon oxide film is formed to a thickness of 200 nm as the
.insulating layer 516 by a sputtering method. The substrate temperature in film formation

may be higher than or equal to room temperature and lower than or equal to 300 °C and in
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this embodiment, is 100 °C. The silicon oxide film can be formed by a sputtering method
in a rare gas (typically argon) atmosphere, an oxygen atmosphere, or a mixed atmosphere
containing a rare gaS and oxygen. As a target, a silicon oxide target or a silicon target
may be used. For éxample, the silicon oxide film can be formed using a silicon target by

a sputtering method in an atmosphere containing oxygen. As the insulating layer 516

which is formed in contact with the oxide semiconductor layer, an inorganic insulating film

which does not include an impurity such as moisture, a hydrogen ion, or OH™ and blocks
the entrylof the impurity from the outside is used. Typically, a silicon oxide film, a silicon
oxynitride film, an aluminum oxide film, an aluminum oxynitride film, or the like is used.
[0153]

As in the case of formation of the oxide semiconductor film 530, an
adsorption-type vacuum pump (such as a cryopump) is preferably used in order to remove
remaining moisture in a depositibn chamber of the insulating layer 516. When the
insulating layer 516 is deposited in the deposition chamber which is evacuated with use of
a cryopump, the concentration of an impurity contained in the insulating layer 516 can be
reduced. Alternatively, the evacuation unit used for removal of the remaining moisture in
the deposition chamber may be a turbo pump provided with a cold trap.

[0154]

It iS preferable that a high-purity gas from which impurities such as hydrogen,
water, a hydroxyl group, or a hydride have been removed be used as a sputtering gas used
for forming the insulating layer 516.

[0155]

Next, second heat treatment is performed in an inert gas atmosphere or an oxygen

gas atmosphere (preferably at from 200 °C to 400 °C, e.g. 250 °C to 350 °C inclusive).

For example, the second heat treatment is performed in a nitrogen atmosphere at 250 °C for

-one hour.” The second heat treatment is performed in such a condition that part (a channel

formation region) of the oxide semiconductor layer is in contact with the insulating layer
516.
[0156]

As described above, an impurity such as hydrogen, moisture, a hydroxyl group, or
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a hydride (also referred to as a hydrogen compound) is intentionally removed from the
okide semiconductor film by subjecting the oxide semiconductor layer to the first heat
treatment, and then oxygen which is one of main components of the oxide semiconductor
can be supplied by the second heat treatment and has been reduced in the step of removing
impurities. Through the above steps, the oxide semiconductor layer is highly purified and
is made to be an electrically i-type (intrinsic) semiconductor. Note that the hydrogen
concentration in the highly-purified oxide semiconductor layer 304a and the second oxide
semiconductor layer 306a is 5 x 10" atoms/cm’ or less, pfeferably 5 x 10"® atoms/cm’ or

> or less. Note that the above hydrogen

less, more preferably 5 x 10" atoms/cm
concentration of the oxide semiconductor film is measured by secondary ion mass
spectrometry (SIMS).
[0157]

Through the above process, the transistor 510 is formed (see FIG. 15D).
[0158]

When a silicon oxide layer having a lot of defects is used as the insulating layer
516, an impurity such as hydrogen, moisture, a hydroxyl group, or a hydride contained in.
the oxide semiconductor layer can be diffused into the insulating layer 516 by the heat
treatment which is performed after the formation of the silicon oxide layer, so that
impurities in the oxide semiconductor layer can be further reduced.
[0159]

A protective insulating layer 506 may be formed over the insulating layer 516.
For example, a silicon nitride film is formed by an RF sputtering method. Sinc’é an RF
sputtering method has high productivity, it is a preferable method used for formation of the

protective insulating layer. As the protective insulating layer, an inorganic insulating film

which does not include an impurity such as moisture and blocks entry of the impurity from

the outside, e.g., a silicon nitride film, an aluminum nitride film, or the like is used. In

this embodiment, the protective insulating layer 506 is formed using a silicon nitride film
(see FIG. 15E).
[0160]

In this embodiment, as the protective insulating layer 506, a silicon nitride film is
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formed by heating the substrate 505 over which the steps up to and including the formation
step of the insulating layer 516 have been done, to a temperature of 100 °C to 400 °C,
introducing a sputtering gas including high-purity nitrogen from which hydrogen and
moisture are removed, and using a silicon semiconductor target. In that case also, it is
preferable that remaining moisture be removed from a deposition chamber in the formation
of the protective insulating layer 506 as in the case of the insulating layer 516.

[0161]

After the formation of the protective insulating layer, heat treatment may be
further performed at a temperature from 100 °C to 200 °C inclusive in the air for 1 hour to
30 hours inclusive. This heat treatment may be performed at a fixed heating temperature.
Alternatively, the following change in the heating temperature may be conducted plural
times repeatedly: the heating temperature is increased from room temperature to a
temperature of 100 °C to 200 °C inclusive and then decreased to room temperature.

[0162]

A transistor including an oxide semiconductor layer which is manufactured in
accordance with this embodiment as described achieves high filed-effect mobility and thus
can operate at high speed. It is found that color breaking is reduced by increase in frame
frequency. When the transistor is 4used in a pixel portion in the liquid crystal display
device, color Breaking can be suppressed by increase in frame frequency and a high-quality
image can be provided. In addition, a highly purified oxide semiconductor layer can be
formed without processes such as laser irradiation, and enable a transistor to be formed
over a large substrate, which is preferable.

[0163]

This embodiment can be implemented by combination with structures described in
the other embodiments as appropriate.
[0164]

[Embodiment 5]

A liquid crystal display device disclosed in this specification can be applied to a

variety of electronic appliances (including game machines). Examples of electronic

appliances are a television set (also referred to as a television or a television receiver), a
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monitor of a computer or the like, a camera such as a digital camera or a digital video
camera, a digital photo frame, a mobile phone handset (also referred to as a mobile phone
or a mobile phone device), a portable game machine, a portable information terminal, an
audio reproducing device, a large-sized game machine such as a pachinko machine, and the
like. Examples of electronic devices each including the liquid crystal display device
described in fh_e above embodiment are described.

[0165]

FIG. 16A illustrates an example of the electronic book devices. The electronic
book reader illustrated in FIG. 16A includes two housings, a housing 1700 and a housing
1701. The housing 1700 and the housing 1701 are combined with a hinge 1704 so that
the electronic book reader can be opened and closed. With such a structure, the e-book
reader can be operated like a paper book.

[0166] |

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 be configured to 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 portioh 1702 in FIG. 16A) can
display text and a display portion on the left side (the display portion 1703 in FIG. 16A)
can display graphics.

[0167]

Further, FIG. 16A illustrates an example in which the housing 1700 is provided
with an operation portion and the like. For example, the housing 1700 is provided with a
power supply input terminal 1705, an operation key 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 surface of the housing, on which the dispiay
portion is provided. Further, an external connection terminal (an earphone terminal, a
USB terminal, a terminal that caﬁ be connected to various cables such as a USB cable, or
the like), a recording medium insert portion, or the like may be provided on the back

surface or the side surface of the housing. Furthér, a function of an electronic dictionary
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may be provided for the electronic book reader illustrated in FIG. 16A.
[0168]

FIG. 16B illustrates an example of a digital photo frame including a liquid crystal
display device. For example, in the digital photo frame illustrated in FIG. 16B, a display
portion 1712 is bincorporated in a housing 1711. The display portion 1712 can display
various images. For example, the display portion 1712 can display data of an image taken
with a digital camera or the like and function as a normal photo frame.

[0169]

Note that the digital photo frame illustrated in FIG. 16B is provided with an
operation portion, an external connection terminal (a USB terminal, a terminal which can
be connected to a variety of cables such as a USB cable, and the like), a recording medium
insertion portion, and the like. Although these components may be provided on the
surface on which the display portion is provided, it is preferable to provide them on the
side surface or the back surface for the design of the digital photo frame 9700. For
example, a memory storing data of an image taken with a digital camera is inserted in the
recording medium insertion portion of the digital phdto frame, whereby the image data can
be transferred and then displayed on the display portion 1712.

[0170]

FIG. 16C illustrates an example of a television set in which a display device such
as a liquid crystal display device or a light-emitting display device is used. In the
television set illustrated in FIG. 16C, a display portion 1722 is incorporated in a housing
1721. The display portion 1722 can display an image. Further, the housing 1721 is
supported by a stand 1723 here. The liquid crystal display device described in any of the
above émbodim‘ents can be used in the display portion 1722.

[0171]

The television set illustrated in FIG, 16C can be dpefated with an operation switch
of the housing 1721 or a separate remote controller. Channels and volume can be
controlled by operation keys of the remote controller, so that images displayed on the
display portion 1722 can be controlled. Further, the remote controller may be provided

with a display portion for displaying data output from the remote controller.
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[0172]

FIG. 16D illustrates an example of a mobile phone including a liquid crystal
display device. The mobile phone handset illustrated in FIG. 16D is provided with a
display portion 1732 incorporated in a housing 1731, an operation button 1733, an
operation button 1737, an external connection port 1734, a speaker 1735, a microphone
1736, and the like.

[0173]
The display portion 1732 of the mobile phone handset illustrated in FIG. 16D is a

touch panel. By touching the display portion 1732 with a finger or the like, contents
displayed on the display portion 1732 can be controlled. Further, operations such as
making calls and texting can be performed by touching the display portion 1732 with av
finger or the like.

[0174]

This embodiment can be implemented by combination with structures described in

the other embodiments as appropriate. |

This application is based on Japanese Patent Application serial No. 2010-080794
filed with Japan Patent Office on March 31, 2010, the entire contents of which are hereby

incorporated by reference.
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CLAIMS

1. A driving method of a liquid crystal display device with whiph a stereoscopic
imége is perceived with a liquid crystal display device configured to switch an image for a
left eye and an image for a right eye, and a pair of glasses having a switching means with
which the image for the left eye and the image for the right eye are switched in
synchronization with display of the image for the left eye or the image for the right eye in
order that the left or right eye of a viewer selectively peréeives the image for the left eye or
the image for the right eye, _

wherein the image for the left eye andl the image for the right eye are perceived by
the left eye or right eye in a mixed color by switchihg light which is emitted from a
backlight portion and which corresponds to a plurality of colors, within a predetermined
period, and

wherein the light which is emitted from the backlight portion are continuously
emitted during a lighting period for the left eye or a lighting period for the right eye which

corresponds to one of the plurality of colors.

2. The driving method of the liquid crystal display device according to claim 1,

wherein the light emitted from the backlight portion has colors of cyan, magenta, and

yellow.

3. The driving method of the liquid crystal display device according to claim 1,

wherein the light emitted from the backlight portion is emitted from a light-emitting diode.

4. The driving method of the liquid crystal display device according to claim 1,
- wherein a plurality of pixels of the liquid crystal display device include a liquid
crystal element and a transistor for controlling the liquid crystal element, and
wherein the liquid crystal element includes a liquid crystal material exhibiting a

blue phase.
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5. The driving method of the liquid crystal display device according to claim 4,

wherein a semiconductor layer of the transistor includes an oxide semiconductor.

6. A driving method of a liquid crystal display device with which a stereoscopic
imagé is perceived with a liquid crystal display dévice configured to switch an image for a
left eye and an image for a right eye, and é pair of glasses having a switching means with
which the image for the left eye and the irhage for the right eye are switched in
synchronization with display of the image for the left eye or the image for the right eyé in
order that the left or right eye of a viewer selectively perceives the image for the left eye or
the image for the right eye,

wherein the image for the left eye and the image for the right eye are perceived by
the left eye or right eye in a mixed color by switching light which is emitted from a
backlight portion and which corresponds to a plurality of colors, within a predetefmined
period, |

wherein the light which is emitted from the backlight portion are continuously
emitted during a lighting period for the left eye or a lighting period for the right eye which
corresponds to one of the plurality of colors, and.

wherein when the image for the left eye and the image for the right eye are
switched, the light which is emitted from the backlight portion toward the left eye and the

right eye are blocked with the pair of glasses having the switching means.

7. The driving method of the liquid crystal display device according to claim 6,
wherein the light emitted from the backlight portion has colors of cyan, magenta, and

yellow.

'8. The driving method of the liquid crystal display devicé.according to claim 6,

wherein the light emitted from the backlight portion is emitted from a light-emitting diode.

9. The driving method of the liquid crystal display device according to claim 6,

wherein a plurality of pixels of the liquid crystal display device include a liquid
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crystal element and a transistor for controlling the liquid crystal element, and

wherein the liquid crystal element includes a liquid crystal material exhibiting a

blue phase.

10. The driving method of the liquid crystal display device according to claim 9,

wherein a semiconductor layer of the transistor includes an oxide semiconductor.

11. A driving method of a liquid crystal display device with which a stereoscopic
image is perceived with a liquid crystal display device configured to switch an image for a
left eye and an image for a right eye, and a pair of glasses having a switching means with
which the image for the left eye and the image for the right eye are switched in
synchronization with display of the image for the left eye or the image for the right eye in
order that the left or right eye of a viewer selectively perceives the image for the left eye or
the image for the right eye,

wherein the image for the left eye and the image for the right eye are perceived by
the left eye or right eye in a mixed color by switching light which is emitted from a
backlight portion and which corresponds to red, green, ahd blue, within a predetermined
period, and

wherein the light which is emitted from the backlight portion are continuously
emitted during a lighting period for the left eye or a lighting period for the right eye which

corresponds to one of the red, the green, and the blue.

12. The driving method of the liquid crystal display device according to claim 11,

wherein the light emitted from the backlight portion is emitted from a light-emitting diode.

13. The driving method of the Tiquid crystal display device according to claim 11,

wherein a plurality of pixels of the liquid crystal display device include a liquid
crystal element and a transistor for controlling the liquid crystal element, and

wherein the liquid crystal element includes a liquid crystal material exhibiting a

blue phase.
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14. The driving method of the liquid crystal display device according to claim 13,

wherein a semiconductor layer of the transistor includes an oxide semiconductor.

15. A driving method of a liquid crystal display device with which a stereoscopic
image is perceived with a liquid crystal display device configured to switch an image for a
left eye and an image for a right eye, and a pair of glasses having a sWitching means with
Which the image for the left eye and the image for the right eye are switched in
synchronization with display of the image for the left eye or the image for the right eye in
order that the left or right eye of a viewer selectively perceives the image for the left eye or
the image for the right eye,

wherein the imége for the left eye and the image for the right eye are perceived by
the left eye or right eye in a mixed color by switching light which is emitted from a
backlight portion and which corresponds to red, green, and blue, within a predetermined
period,

wherein the light which is emitted from the backlight portion are continuously
emitted during a lighting period for the left eye or a lighting period for the right eye which
corresponds to the red, the green, and the blue, and

wherein when the image for the left eye and the image for the right eye are
switched, the light which.is emitted from the backlight portion toward the left eye and the

right eye are blocked with the pair of glasses having the switching means.

16. The driving method of the liquid crystal display device according to claim 15,

wherein the light emitted from the backlight portion is emitted from a light-emitting diode.

17. The driving method of the liquid crystal display device according to claim 15,

wherein a plﬁrality of pixels of the liquid crystal display device include a liquid
crystal element and a transistor for controlling the liquid crystal element, and

whcrein the liquid crystal element includes a liquid crystal material exhibiting a

blue phase.
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18. The driving method of the liquid crystal display device according to claim 17,

wherein a semiconductor layer of the transistor includes an oxide semiconductor.

19. A driving method of a liquid crystal display device with which a stereoscopic
image is perceived with a liquid crystal display device configured to switch an image for a
left eye and an image for a right eye, and a pair of glasses having a switching means with
which the image for the left eye and the image for the right eye are switched in
synchronization with display of the image for the left eye or the image for the right eye in
order that the left or right eye of a viewer selectively perceives the image for the left eye or
the image for the right eye,

wherein the image for the left eye and the image for the right eye are perceived by
the left eye or right eye in a mixed color by switching light which is emitted from a
backlight portion and which corresponds to red, green, blue, and white, within a
predetermined period, and

wherein the light which is emitted from the backlight portion are continuously
emitted during a lighting period for the left eye or a lighting period for the right eye which

corresponds to one of the red, the green, the blue, and the white.

20. The driving method of the liquid crystal display device according to claim 19,

wherein the light emitted from the backlight portion is emitted from a light-emitting diode.

21. The driving method of the liquid crystal display device according to claim 19,

wherein a plurality of pixels of the liquid crystal display device include a liquid
crystal element and a transistor for controlling the liquid cfystal element, and

wherein the liquid crystal element includes a Ifquid Eryrstal— material e%hibitfng a

blue phase.

22. The driving method of the liquid crystal display device according to claim 21,

wherein a semiconductor layer of the transistor includes an oxide semiconductor.
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23. A driving method of a liquid crystal display device with which a stereoscopic
image is perceived with a liquid crystal display device configured to switch an image for a
left eye and an image for a right eye, and a pair of glasses having a switching means with
5 which the image for the left eye and the image for the right eye are switched in
synchronization with display of the image for the left eye or the image for the right eye in
order that the left or right eye of a viewer selectively perceives the image for the left eye or
the image for the right eye,
wherein the image for the left eye and the image for the right eye are perceived by
10 the left eye or right eye in a mixed color by switching light which is emitted from a
backlight portion and which corresponds to red, green, blue, and white within a
predetermined period, '
wherein the light which is emitted from the backlight portion are continuously
emitted during a lighting period for the left eye or a lighting period for the right eye which
15 corresponds to the red, the green, the blue, and the white, and
wherein when the image for the left eye and the image for the right eye are
switched, the light which is emitted from the backlight portion toward the left eye and the

right eye are blocked with the pair of glasses having the switching means.

20 24. The driving method of the liquid crystal display device according to claim 23,

wherein the light emitted from the backlight portion is emitted from a light-emitting diode.

25. The driving method of the liquid crystal display device according to claim 23,
wherein a plurality of pixels of the liquid crystal display device include a liquid
25 crystal element and a transistor for controlling the liquid crystal element, and
- * wherein the liquid crystal element includes a liquid crystal material exil‘libi.t.ing"a

blue phase.

26. The driving method of the liquid crystal display device according to claim 25,

30 wherein a semiconductor layer of the transistor includes an oxide semiconductor.
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[EXPLANATION OF REFERENCES]

101: liquid crystal display device, 102: glasses, 103: cable, 104A: the left lens, 104B: the
right lens, 111: display portion, 112: gate line driver circuit, 113: source line driver circuit,
114: backlight portion, 115: display control circuit, 116: timing generator, 117: external
operation means, 118A: synchronization signal, 118B: synchronization signal, 119A:
synchronization signal, 119B: synchronization signal, 200: stereoscopic image display-
period, 201: R lighting period, 202: G lighting period, 203: B lighting period, 204: W
lighting period, 211: R lighting period for left eye, 212: R lighting period for right eye, 221:
G lighting period for left eye, 222: G lighting period for right eye, 231: B lighting period for
left eye, 232: B lighting period for right eye, 241: writing operation, 242: writing operation,
251: W lighting period for left eye, 252: W lighting period for right eye, 400: substrate, 401:
gate electrode layer, 402: gate insulating layer, 403: oxide semiconductor layer, 405a:
source electrode layer, 405b: drain electrode layer, 407: insulating film, 409: protective
insulating Iayer,' 410: transistor, 411: first pixel electrode, 412: contact hole, 413:
alignment film, 414: liquid crystal layer, 416: counter substrate, 417: common wiring layer,
418: common electrode layer, 419: second pixel electrode, 420: tkansistor, 427: insulating
layer, 430: transistor, 436a: wiring layer, 436b: wiring layer, 437: insulating layer, 440:
transistor, 505: substrate, 506: protective insulating layer, 507: gate insulating layer, 510:
transistor, 511: gate electrode layer, 515a: source electrode layer, 515b: drain electrode
layer, 516: insulating layer, 530: oxide semiconductor film, 531: oxide semiconductor layer,
600: substrate, 601: gate electrode layer, 602: gate insulating layer, 603: oxide
semiconductor layer, 605a: source electrode layer, 605b: drain electrode layer, 609:
protective insulating layer, 610: transistor, 611: pixel electrode, 612: contact hole, 613:
alignment film, 614: liquid crystal layer, 615: counter electrode, 616: counter substrate,
617: capacitor wiring layer, 618: capacitor electrode layer, 619: storage capacitor, 1700:
housing, 1701: housing, 1702: display portion, 1703: display portion, 1704: hinge, 1705:
power supply 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: micrdphone, 1737: operation button, 5201: backlight portion, 5202: diffusion plate,
5203: light guide plate, 5204: reflection plate, 5205: lamp reflector, 5206: light source,
5207: display panel, 5222: lamp reflector, 5223R: light-emitting diode (LED), 5223G:
light-emitting diode'(LED), 5223B: light-emitting diode (LED), 5290: backlight portion,
5291: diffusion plate, 5292: light-shielding portion, 5293: lamp reflector, 5294R:
light-emitting diode (LED), 5294G: light-emitting diode (LED), 5294B: light-emitting diode
(LED), 5295: liquid crystal panel '
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