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(57) ABSTRACT

A semiconductor device or the like with low off-state current
is provided. A semiconductor device or the like for displaying
images accurately is provided. A display device or the like
with a wide viewing angle is provided. A display device or the
like in which image burn-in is suppressed is provided. In
order to achieve any of the above objects, a circuit is formed
using a transistor including an oxide semiconductor (OS),
particularly a thin film MOS transistor including an oxide
semiconductor. The oxide semiconductor is a substantially
intrinsic semiconductor. Thus, the off-state current of the
transistor is extremely low.
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LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to semiconductor
devices, display devices, liquid crystal display devices, light-
emitting devices, manufacturing methods thereof, or driving
methods thereof. In particular, the present invention relates to
semiconductor devices, display devices, liquid crystal dis-
play devices, and light-emitting devices which include cir-
cuits including thin film transistors in which oxide semicon-
ductors are used for semiconductor films, manufacturing
methods thereof, or driving methods thereof.

[0003] 2. Description of the Related Art

[0004] Currently, thin film transistors (TFTs) in which sili-
con layers formed using amorphous silicon or the like are
used as channel layers are widely used as switching elements
in display devices typified by liquid crystal display devices.
Although thin film transistors formed using amorphous sili-
con have low field-effect mobility, they have an advantage
that larger glass substrates can be used.

[0005] Further, in recent years, attention has been drawn to
a technique by which a thin film transistor is formed using a
metal oxide having semiconductor properties and such a tran-
sistor is used in an electronic device or an optical device. For
example, it has been known that some metal oxides such as
tungsten oxide, tin oxide, indium oxide, and zinc oxide have
semiconductor properties. A thin film transistor in which a
transparent semiconductor layer formed using such a metal
oxide is used for a channel formation region has been dis-
closed (Reference 1).

REFERENCE

[0006] Reference 1: Japanese Published Patent Application
No. 2006-165532

SUMMARY OF THE INVENTION

[0007] It is an object of one embodiment of the present
invention to provide a semiconductor device or the like with
low off-state current. It is an object of one embodiment of the
present invention to provide a semiconductor device or the
like with high withstand voltage. It is an object of one
embodiment of the present invention to provide a semicon-
ductor device or the like for displaying images accurately. It is
an object of one embodiment of the present invention to
provide adisplay device or the like with a wide viewing angle.
It is an object of one embodiment of the present invention to
provide a display device or the like in which image burn-in is
suppressed. Note that the description of these objects does not
impede the existence of other objects. Note that in one
embodiment of the present invention, there is no need to
achieve all the objects. Other objects will be apparent from
and can be derived from the description of the specification,
the drawings, the claims, and the like.

[0008] Inordertoachieveany of the above objects, a circuit
is formed using a transistor including an oxide semiconductor
(OS), particularly a thin film MOS transistor including an
oxide semiconductor. The oxide semiconductor is a substan-
tially intrinsic semiconductor. Thus, the off-state current of
the transistor is extremely low or the withstand voltage of the
transistor is high.

[0009] Inoneembodiment of the present invention, a liquid
crystal display device which includes a pixel including a first
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transistor, a second transistor, a first liquid crystal element,
and a second liquid crystal element is provided. A first termi-
nal of the first transistor is electrically connected to a first
wiring. A second terminal of the first transistor is electrically
connected to the first liquid crystal element. A gate of the first
transistor is electrically connected to a second wiring. A first
terminal of the second transistor is electrically connected to
the first wiring. A second terminal of the second transistor is
electrically connected to the second liquid crystal element. A
gate of the second transistor is electrically connected to a third
wiring. The first transistor and the second transistor include
an oxide semiconductor.

[0010] Inoneembodiment of the present invention, a liquid
crystal display device which includes a pixel including a first
transistor, a second transistor, a first liquid crystal element,
and a second liquid crystal element is provided. A first termi-
nal of the first transistor is electrically connected to a first
wiring. A second terminal of the first transistor is electrically
connected to the first liquid crystal element. A gate of the first
transistor is electrically connected to a second wiring. A first
terminal of the second transistor is electrically connected to a
third wiring. A second terminal of the second transistor is
electrically connected to the second liquid crystal element. A
gate of the second transistor is electrically connected to the
second wiring. The first transistor and the second transistor
include an oxide semiconductor.

[0011] Inoneembodiment ofthe present invention, a liquid
crystal display device which includes a pixel including a first
transistor, a second transistor, a first liquid crystal element,
and a second liquid crystal element is provided. A first termi-
nal of the first transistor is electrically connected to a first
wiring. A second terminal of the first transistor is electrically
connected to the first liquid crystal element. A gate of the first
transistor is electrically connected to a second wiring. A first
terminal of the second transistor is electrically connected to
the first wiring. A second terminal of the second transistor is
electrically connected to the second liquid crystal element. A
gate of the second transistor is electrically connected to the
second wiring. The first transistor and the second transistor
include an oxide semiconductor.

[0012] Inoneembodiment of the present invention, a liquid
crystal display device which includes a pixel including a
transistor, a first liquid crystal element, a second liquid crystal
element, and a capacitor is provided. A first terminal of the
transistor is electrically connected to a first wiring. A second
terminal of the transistor is electrically connected to the first
liquid crystal element. A gate of the transistor is electrically
connected to a second wiring. A first terminal of the capacitor
is electrically connected to the first liquid crystal element. A
second terminal of the capacitor is electrically connected to
the second liquid crystal element. The transistor includes an
oxide semiconductor.

[0013] Inoneembodiment of the present invention, a liquid
crystal display device which includes a pixel including a first
transistor, a second transistor, a first liquid crystal element, a
second liquid crystal element, and a capacitor is provided. A
first terminal of the first transistor is electrically connected to
a first wiring. A second terminal of the first transistor is
electrically connected to the first liquid crystal element. A
gate of the first transistor is electrically connected to a second
wiring. A first terminal of the second transistor is electrically
connected to the first wiring or the second terminal of the first
transistor. A second terminal of the second transistor is elec-
trically connected to the second liquid crystal element. A gate
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ofthe second transistor is electrically connected to the second
wiring. A first terminal of the capacitor is electrically con-
nected to the first liquid crystal element. A second terminal of
the capacitor is electrically connected to the second liquid
crystal element. The first transistor and the second transistor
include an oxide semiconductor.

[0014] Note that in the drawings, the size, the thickness of
layers, or regions are exaggerated for clarity in some cases.
Thus, embodiments of the present invention are not limited to
such scales.

[0015] Note that the drawings are schematic views showing
ideal examples, and embodiments of the present invention are
not limited to shapes or values shown in the drawings. For
example, the following can be included: variation in shape
due to a manufacturing technique or dimensional deviation;
or variation in signal, voltage, or current due to noise or
difference in timing.

[0016] Technical terms are used in order to describe a spe-
cific embodiment, example, or the like in many cases. Note
that one embodiment of the invention is not construed as
being limited by the technical terms.

[0017] Note that terms which are not defined (including
terms used for science and technology, such as technical
terms or academic parlance) can be used as terms which have
meaning equal to general meaning that an ordinary person
skilled in the art understands. It is preferable that terms
defined by dictionaries or the like be construed as consistent
meaning with the background of related art.

[0018] In the disclosed invention, for example, a circuit is
formed using a transistor that includes an oxide semiconduc-
tor whose off-state current is low; thus, unnecessary current
can be prevented from leaking in the circuit. Thus, images can
be displayed accurately.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] In the accompanying drawings:

[0020] FIG. 1 is a circuit diagram illustrating a semicon-
ductor device;

[0021] FIG. 2 is a circuit diagram illustrating a semicon-
ductor device;

[0022] FIG. 3 is a circuit diagram illustrating a semicon-
ductor device;

[0023] FIG. 4 is a circuit diagram illustrating a semicon-

ductor device;
[0024] FIG. 5 is a circuit diagram illustrating a semicon-
ductor device;

[0025] FIG. 6 is a circuit diagram illustrating a semicon-
ductor device;
[0026] FIG. 7 is a circuit diagram illustrating a semicon-

ductor device;

[0027] FIG. 8 is a circuit diagram illustrating a semicon-
ductor device;

[0028] FIGS.9A and 9B are circuit diagrams each illustrat-
ing a semiconductor device;

[0029] FIG. 10 is a circuit diagram illustrating a semicon-
ductor device;
[0030] FIG. 11 is a circuit diagram illustrating a semicon-
ductor device;
[0031] FIG. 12 is a circuit diagram illustrating a semicon-
ductor device;
[0032] FIG. 13 is a circuit diagram illustrating a semicon-

ductor device;
[0033] FIG. 14 is a circuit diagram illustrating a semicon-
ductor device;
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[0034] FIG. 15 is a circuit diagram illustrating a semicon-
ductor device;

[0035] FIG. 16 is a circuit diagram illustrating a semicon-
ductor device;

[0036] FIG. 17 is a circuit diagram illustrating a semicon-
ductor device;

[0037] FIG. 18 is a circuit diagram illustrating a semicon-
ductor device;

[0038] FIG. 19 is a circuit diagram illustrating a semicon-
ductor device;

[0039] FIG. 20 is a circuit diagram illustrating a semicon-
ductor device;

[0040] FIG. 21 is a circuit diagram illustrating a semicon-
ductor device;

[0041] FIG. 22 is a circuit diagram illustrating a semicon-
ductor device;

[0042] FIG. 23 is a cross-sectional view illustrating a semi-
conductor device;

[0043] FIGS. 24A to 24E illustrate steps of manufacturing
a semiconductor device;

[0044] FIGS. 25A to 25C each illustrate a method for driv-
ing a semiconductor device;

[0045] FIGS. 26A to 26H illustrate electronic devices; and
[0046] FIGS. 27A to 27H illustrate electronic devices.

DETAILED DESCRIPTION OF THE INVENTION

[0047] Embodiments will be described below with refer-
ence to the drawings. Note that the embodiments can be
implemented in various different ways. It will be readily
appreciated by those skilled in the art that modes and details
of the embodiments can be modified in various ways without
departing from the spirit and scope of the present invention.
The present invention therefore should not be construed as
being limited to the description of the embodiments. Note that
in structures described below, the same portions or portions
having similar functions are denoted by common reference
numerals in different drawings, and detailed description
thereof is not repeated.

[0048] Note that in this specification and the like, a transis-
tor is an element having at least three terminals: a gate, a
drain, and a source. The transistor has a channel region
between the drain (a drain terminal, a drain region, or a drain
electrode) and the source (a source terminal, a source region,
or a source electrode) and current can flow through the drain,
the channel region, and the source. Here, since the source and
the drain of the transistor change depending on the structure,
the operating condition, and the like of the transistor, it is
difficult to define which is a source or a drain. Thus, a region
which serves as a source or a region which serves as a drain is
not referred to as a source or a drain in some cases. In that
case, one of the source and the drain might be referred to as a
first terminal, a first electrode, or a first region, and the other
of the source and the drain might be referred to as a second
terminal, a second electrode, or a second region, for example.
[0049] Note that in this specification and the like, terms
such as “first”, “second”, and “third” are used for distinguish-
ing various elements, members, regions, layers, and areas
from others. The terms such as “first”, “second”, and “third”
therefore do not limit the number of the elements, members,
regions, layers, areas, or the like. Further, for example, the
term “first” can be replaced with the term “second”, “third”,
or the like.

[0050] Note that in this specification and the like, in a
diagram or a text described in one embodiment, part of the
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diagram or the text is taken out, and one embodiment of the
invention can be constituted. Thus, in the case where a dia-
gram or a text related to a certain portion is described, the
context taken out from part of the diagram or the text is also
disclosed as one embodiment of the invention, and one
embodiment of the invention can be constituted. Therefore,
for example, in a diagram or a text in which one or more active
elements (e.g., transistors or diodes), wirings, passive ele-
ments (e.g., capacitors or resistors), conductive layers, insu-
lating layers, semiconductor layers, organic materials, inor-
ganic materials, components, devices, operating methods,
manufacturing methods, or the like are described, part of the
diagram or the text is taken out, and one embodiment of the
invention can be constituted. For example, M circuit elements
(e.g., transistors or capacitors) (M is an integer, where M<N)
are taken out from a circuit diagram in which N circuit ele-
ments (e.g., transistors or capacitors) (N is an integer) are
provided, and one embodiment of the invention can be con-
stituted. As another example, M layers (M is an integer, where
M<N) are taken out from a cross-sectional view in which N
layers (N is an integer) are provided, and one embodiment of
the invention can be constituted. As another example, M
elements (M is an integer, where M<N) are taken out from a
flow chart in which N elements (N is an integer) are provided,
and one embodiment of the invention can be constituted.

[0051] Note that in this specification and the like, a content
described in at least a diagram (or may be part of the diagram)
is disclosed as one embodiment of the invention, and one
embodiment of the invention can be constituted. Therefore,
when a certain content is described in a diagram, the content
is disclosed as one embodiment of the invention even when
the content is not described with a text, and one embodiment
of the invention can be constituted. Similarly, part of a dia-
gram that is taken out from the diagram is disclosed as one
embodiment of the invention, and one embodiment of the
invention can be constituted.

[0052] Note that in this specification and the like, a semi-
conductor device is a device which includes a circuit includ-
ing a semiconductor element (e.g., a transistor, a diode, or a
thyristor). The semiconductor device may correspond to all
devices that can function by utilizing semiconductor charac-
teristics and a device having a semiconductor material.

[0053] Note that a display device is a device having a dis-
play element. The display device may include a plurality of
pixels each having a display element. Note that that the dis-
play device may include a peripheral driver circuit for driving
the plurality of pixels. The peripheral driver circuit for driving
the plurality of pixels may be formed using the same substrate
as the plurality of pixels. The display device may include a
peripheral driver circuit provided over a substrate by wire
bonding or bump bonding, namely, an IC chip connected by
chip on glass (COG) or an IC chip connected by TAB or the
like. The display device may include a flexible printed circuit
(FPC) to which an IC chip, aresistor, a capacitor, an inductor,
atransistor, or the like is attached. Note that the display device
may include a printed wiring board (PWB) which is con-
nected through a flexible printed circuit (FPC) or the like and
to which an IC chip, a resistor, a capacitor, an inductor, a
transistor, or the like is attached. The display device may
include an optical sheet such as a polarizing plate or a retar-
dation plate. The display device may include a lighting
device, a housing, an audio input-output device, an optical
sensor, or the like.
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[0054] Note that a lighting device may include a backlight
unit, a light guide plate, a prism sheet, a diffusion sheet, a
reflective sheet, a light source (e.g., an LED or a cold cathode
fluorescent lamp), a cooling device (e.g., a water cooling
device or an air cooling device), or the like.

[0055] Note that a light-emitting device is a device having
a light-emitting element or the like. In the case where a
light-emitting device includes a light-emitting element as a
display element, the light-emitting device is one of specific
examples of a display device.

[0056] Note that a reflective device is a device having a
light-reflective element, a light diffraction element, a light-
reflective electrode, or the like.

[0057] Note that a liquid crystal display device is a display
device having a liquid crystal element. Liquid crystal display
devices include a direct-view liquid crystal display, a projec-
tion liquid crystal display, a transmissive liquid crystal dis-
play, a reflective liquid crystal display, a transflective liquid
crystal display, and the like.

[0058] Note thata driving device is a device having a semi-
conductor element, an electric circuit, or an electronic circuit.
For example, a transistor which controls input of signals from
a source signal line to pixels (also referred to as a selection
transistor, a switching transistor, or the like), a transistor
which supplies voltage or current to a pixel electrode, a tran-
sistor which supplies voltage or current to a light-emitting
element, and the like are examples of the driving device. A
circuit which supplies signals to a gate signal line (also
referred to as a gate driver, a gate line driver circuit, or the
like), a circuit which supplies signals to a source signal line
(also referred to as a source driver, a source line driver circuit,
or the like), and the like are also examples of the driving
device.

[0059] Note that a display device, a semiconductor device,
a lighting device, a cooling device, a light-emitting device, a
reflective device, a driving device, and the like overlap with
each other in some cases. For example, a display device
includes a semiconductor device and a light-emitting device
in some cases. Alternatively, a semiconductor device includes
a display device and a driving device in some cases.

Embodiment 1

[0060] Inthis embodiment, an example of a semiconductor
device or the like (e.g., a display device or a light-emitting
device) which includes a transistor including an oxide semi-
conductor, particularly a thin film transistor including an
oxide semiconductor in an active layer is described with
reference to drawings. The off-state current of a transistor
including an oxide semiconductor is low; thus, defects caused
by off-state current can be reduced when a semiconductor
device or the like including an oxide semiconductor is used.
Thus, images can be displayed more accurately. Further, the
transistor including an oxide semiconductor has high with-
stand voltage. Thus, even when high voltage is applied to the
transistor, the transistor can operate normally and the off-state
current of the transistor can be low. Consequently, defects
caused by off-state current can be reduced.

[0061] A thin film transistor including an intrinsic (i-type)
oxide semiconductor layer as an active layer is particularly
preferable because the off-state current of the thin film tran-
sistor is low. As a method for making an oxide semiconductor
layer intrinsic (i-type), dehydration or dehydrogenation is
effective.
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[0062] FIG. 1 illustrates a structure example of a semicon-
ductor device or the like in this embodiment. In one aspect of
this embodiment, a pixel 100 is provided. The pixel 100
constitutes one pixel.

[0063] Note that in this specification and the like, one pixel
is one element whose brightness can be controlled. For
example, one pixel is one color element and brightness is
expressed with the one color element. Thus, in the case of a
color display device having color elements of R (red), G
(green), and B (blue), the minimum unit of an image includes
three pixels: an R pixel, a G pixel, and a B pixel. Note that the
color elements are not limited to three colors, and color ele-
ments of more than three colors may be used or a color other
than R, G, and B may be used. For example, R, G, B, and W
(W corresponds to white) can be used by addition of white.
Alternatively, one or more colors of yellow, cyan, magenta,
emerald green, vermilion, and the like can be added to R, G,
and B, for example. Alternatively, a color which is similar to
at least one of R, G, and B can be added to R, G and B. For
example, R, B1, and B2 may be used. Although both B1 and
B2 are blue, they have slightly different wavelengths. Simi-
larly, R1, R2, G, and B can be used. By using such color
elements, display which is closer to the real object can be
performed and power consumption can be reduced.

[0064] Note that in the case where the brightness of one
color element is controlled using a plurality of regions, one
region can correspond to one pixel. For example, when area
ratio gray scale display is performed or subpixels are
included, a plurality of regions that control brightness are
provided in each color element and gradation is expressed
with the whole region in some cases. In that case, one region
which controls brightness can correspond to one pixel. That
is, one color element includes a plurality of pixels. Note that
even when a plurality of regions that control brightness are
provided in one color element, they may be collectively
referred to as one pixel. In that case, one color element
includes one pixel. Note that in the case where the brightness
of one color element is controlled using a plurality of regions,
regions which contribute to display might have different sizes
depending on pixels. In the plurality of regions which control
brightness in each color element, signals supplied to the plu-
rality of regions may be slightly different from each other so
that the viewing angle can be widened. In other words, the
potentials of pixel electrodes in a plurality of regions in each
color element may be different from each other. Accordingly,
voltages applied to liquid crystal molecules are varied
depending on the pixel electrodes. Thus, the viewing angle
can be widened.

[0065] Note that explicit description “one pixel (for three
colors)” corresponds to the case where three pixels of R, G,
and B are considered as one pixel. Explicit description “one
pixel (for one color)” corresponds to the case where a plural-
ity of regions are provided in each color element and collec-
tively considered as one pixel.

[0066] The pixel 100 includes a transistor 101a, a transistor
1015, a display element 1024, a display element 10254, a
capacitor 103a, and a capacitor 1035. A gate of the transistor
101a is connected to a wiring 104a. A first terminal of the
transistor 101a is connected to a wiring 105a. A second
terminal of the transistor 101a is connected to a first terminal
ofthe display element 102a. A second terminal of the display
element 102a is connected to a wiring 107a. A first terminal
of the capacitor 103a is connected to the first terminal of the
display element 102a. A second terminal of the capacitor
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103¢ is connected to a wiring 106a. A gate of the transistor
1015 is connected to a wiring 104b. A first terminal of the
transistor 1015 is connected to the wiring 105a. A second
terminal of the transistor 1015 is connected to a first terminal
of'the display element 1025. A second terminal of the display
element 1025 is connected to a wiring 1075. A first terminal
of the capacitor 1035 is connected to the first terminal of the
display element 1025. A second terminal of the capacitor
1035 is connected to a wiring 1065.

[0067] Note that the transistor 101a or the transistor 1015
has a function of selecting whether signals are supplied to the
display element 102a (the capacitor 103a) or the display
element 1025 (the capacitor 1035). The transistor 101a or the
transistor 1015 therefore can function as a switch. Alterna-
tively, the transistor 101a or the transistor 1015 can function
as a switching transistor, a switch transistor, or a selection
transistor.

[0068] Note that in this specification and the like, for
example, a transistor with a multi-gate structure having two or
more gate electrodes can be used as a transistor. With the
multi-gate structure, a structure where a plurality of transis-
tors are connected in series is provided because channel
regions are connected in series. Thus, with the multi-gate
structure, off-state current can be reduced and the withstand
voltage of the transistor can be increased (reliability can be
improved). With the multi-gate structure, drain-source cur-
rent does not fluctuate very much even when drain-source
voltage fluctuates when the transistor operates in a saturation
region, so that a flat slope of voltage-current characteristics
can be obtained. By utilizing the flat slope of the voltage-
current characteristics, an ideal current source circuit or an
active load having an extremely large resistance value can be
realized. Accordingly, a differential circuit, a current mirror
circuit, or the like having excellent properties can be realized.
[0069] Note that for example, a transistor with a structure
where gate electrodes are formed above and below a channel
can be used as a transistor. With the structure where the gate
electrodes are formed above and below the channel, a circuit
structure where a plurality of transistors are connected in
parallel is provided. Thus, a channel region is increased, so
that the amount of current can be increased. With the structure
where the gate electrodes are formed above and below the
channel, a depletion layer can be easily formed, so that sub-
threshold swing can be improved.

[0070] Note that for example, a transistor with a structure
where a gate electrode is formed above a channel region, a
structure where a gate electrode is formed below a channel
region, a staggered structure, an inverted staggered structure,
a structure where a channel region is divided into a plurality
ofregions, a structure where channel regions are connected in
parallel or in series, or the like can be used as a transistor.
[0071] Note that for example, a transistor with a structure
where a source electrode or a drain electrode overlaps with a
channel region (or part of it) can be used as a transistor. With
the structure where the source electrode or the drain electrode
overlaps with the channel region (or part of it), unstable
operation due to accumulation of electrical charge in part of
the channel region can be prevented.

[0072] Note that for example, a transistor with a structure
where an DD region is provided can be used as a transistor.
By provision of the LDD region, off-state current can be
reduced or the withstand voltage of the transistor can be
increased (reliability can be improved). By provision of the
LDD region, drain-source current does not fluctuate very
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much even when drain-source voltage fluctuates when the
transistor operates in the saturation region, so that a flat slope
of voltage-current characteristics can be obtained.

[0073] Note that here, the capacitor 103a or the capacitor
1035 has a function of holding voltage supplied to the display
element 102a or the display element 1025. Alternatively, the
capacitor 1034 or the capacitor 1035 has a function of holding
the potential of a pixel electrode of the display element 102a
orthe display element 1025. The capacitor 103a or the capaci-
tor 1035 therefore can function as a storage capacitor or an
additional capacitor.

[0074] Here, wirings provided in a horizontal direction,
such as the wirings 104a and 1045, are connected to gates of
transistors included in pixels in some cases. Thus, the wirings
provided in the horizontal direction, such as the wirings 104a
and 1045, can function as gate signal lines, gate wirings, gate
lines, or the like. Alternatively, the wirings provided in the
horizontal direction, such as the wirings 104a and 1045, are
supplied with signals for selecting rows one by one and the
signals are scanned in some cases. Thus, the wirings provided
in the horizontal direction, such as the wirings 104a and 1045,
can function as scan signal lines, scan wirings, scan lines, or
the like.

[0075] A wiring provided in a vertical direction, such as the
wiring 105a, is connected to a source or a drain of a transistor
included in a pixel in some cases. Thus, the wiring provided in
the vertical direction, such as the wiring 1054, can function as
a source signal line, a source wiring, a source line, or the like.
Alternatively, the wiring provided in the vertical direction,
such as the wiring 1054, is supplied with a data signal, a video
signal, a source signal, or the like in some cases. Thus, the
wiring provided in the vertical direction, such as the wiring
1054, can function as a data signal line, a data wiring, a data
line, or the like.

[0076] Here, the wirings 1074 and 1075 can be connected
to each other in all the pixels. Alternatively, the wirings 107a
and 1075 can be provided in a horizontal direction and can be
connected to display elements included in pixels. Further,
predetermined voltage is supplied to the wirings 107a and
10754. Alternatively, a signal is supplied to at least one row in
some cases. Thus, the wirings 1074 and 1075 can function as
common wirings, counter electrodes, or the like.

[0077] Here, the wirings 106a and 1065 can be connected
to other pixels, for example, right and left pixels. Further,
predetermined voltage is supplied to the wirings 106a and
1065. Alternatively, a signal is supplied to at least one row in
some cases. Thus, the wirings 1064 and 1065 can function as
common wirings, capacitor wirings, or the like.

[0078] Note that in this specification and the like, a display
element, a display device which is a device including a dis-
play element, a light-emitting element, and a light-emitting
device which is a device including a light-emitting element
can employ various modes and can include various elements.
For example, a display medium whose contrast, luminance,
reflectivity, transmittance, or the like changes by electromag-
netic action, such as an EL (electroluminescence) element
(e.g.,an EL element including organic and inorganic materi-
als, an organic EL element, or an inorganic EL element), an
LED (e.g., a white LED, a red LED, a green LED, or a blue
LED), a transistor (a transistor which emits light in accor-
dance with current), an electron emitter, a liquid crystal ele-
ment, electronic ink, an electrophoretic element, a grating
light valve (GLV), a digital micromirror device (DMD), a
piezoelectric ceramic display, or a carbon nanotube, can be
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used as a display element, a display device, a light-emitting
element, or a light-emitting device. Display devices having
EL elements include an EL display and the like. Display
devices having electron emitters include a field emission dis-
play (FED), an SED-type flat panel display (SED: surface-
conduction electron-emitter display), and the like. Display
devices having liquid crystal elements include a liquid crystal
display (e.g., a transmissive liquid crystal display, a transflec-
tive liquid crystal display, a reflective liquid crystal display, a
direct-view liquid crystal display, or a projection liquid crys-
tal display) and the like. Display devices having electronic ink
or electrophoretic elements include electronic paper and the
like.

[0079] Examples of an EL element are an element includ-
ing an anode, a cathode, and an EL layer provided between
the anode and the cathode, and the like. Examples of an EL
layer are a layer utilizing light emission (fluorescence) from a
singlet exciton, a layer utilizing light emission (phosphores-
cence) from a triplet exciton, a layer utilizing light emission
(fluorescence) from a singlet exciton and light emission
(phosphorescence) from a triplet exciton, a layer formed
using an organic material, a layer formed using an inorganic
material, a layer formed using an organic material and an
inorganic material, a layer including a high-molecular mate-
rial, a layer including a low-molecular material, a layer
including a high-molecular material and a low-molecular
material, and the like. Note that this embodiment is not lim-
ited to these, and a variety of EL elements can be used as an
EL element.

[0080] Examples of an electron emitter are an element in
which electrons are extracted by high electric field concen-
tration on a cathode, and the like. Specifically, examples of an
electron emitter are a Spindt type, a carbon nanotube (CNT)
type, a metal-insulator-metal (MIM) type in which a metal, an
insulator, and a metal are stacked, a metal-insulator-semicon-
ductor (MIS) type in which a metal, an insulator, and a semi-
conductor are stacked, a MOS type, a silicon type, a thin film
diode type, a diamond type, a thin film type in which a metal,
an insulator, a semiconductor, and a metal are stacked, a
HEED type, an EL type, a porous silicon type, a surface-
conduction (SCE) type, and the like. Note that this embodi-
ment is not limited to these, and a variety of elements can be
used as an electron emitter.

[0081] For example, an element which controls transmis-
sion or non-transmission of light by optical modulation action
of liquid crystals can be used as a liquid crystal element. The
element can include a pair of electrodes and a liquid crystal
layer. Note that the optical modulation action of liquid crys-
tals is controlled by an electric field applied to the liquid
crystals (including a horizontal electric field, a vertical elec-
tric field, and a diagonal electric field). Note that specifically,
the following can be used for a liquid crystal element, for
example: a nematic liquid crystal, a cholesteric liquid crystal,
a smectic liquid crystal, a discotic liquid crystal, a thermotro-
pic liquid crystal, a lyotropic liquid crystal, a low-molecular
liquid crystal, a polymer liquid crystal, a polymer dispersed
liquid crystal (PDLC), a ferroelectric liquid crystal, an anti-
ferroelectric liquid crystal, a main-chain liquid crystal, a side-
chain polymer liquid crystal, a plasma addressed liquid crys-
tal (PALC), a banana-shaped liquid crystal, and the like. In
addition, the following can be used as a driving method of a
liquid crystal: a TN (twisted nematic) mode, an STN (super
twisted nematic) mode, an IPS (in-plane-switching) mode, an
FFS (fringe field switching) mode, an MVA (multi-domain
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vertical alignment) mode, a PVA (patterned vertical align-
ment) mode, an ASV (advanced super view) mode, an ASM
(axially symmetric aligned microcell) mode, an OCB (opti-
cally compensated birefringence) mode, an ECB (electrically
controlled birefringence) mode, an FL.C (ferroelectric liquid
crystal) mode, an AFLC (anti-ferroelectric liquid crystal)
mode, a PDLC (polymer dispersed liquid crystal) mode,
PNLC (polymer network liquid crystal) mode, a guest-host
mode, a blue phase mode, and the like. Note that this embodi-
ment is not limited to these, and a variety of liquid crystal
elements and driving methods thereof can be used as a liquid
crystal element and a driving method thereof.

[0082] For example, display of electronic paper can be
performed using molecules (a method using optical anisot-
ropy, dye molecular orientation, or the like), particles (a
method using electrophoresis, particle movement, particle
rotation, phase change, or the like), movement of one end of
a film, coloring properties or phase change of molecules,
optical absorption by molecules, self-light emission by com-
bination of electrons and holes, or the like. Specifically,
examples of a display method of electronic paper are micro-
capsule electrophoresis, horizontal electrophoresis, vertical
electrophoresis, a spherical twisting ball, a magnetic twisting
ball, a columnar twisting ball, a charged toner, electronic
liquid powder, magnetic electrophoresis, a magnetic ther-
mosensitive type, electro wetting, light scattering (transpar-
ent-opaque change), a cholesteric liquid crystal and a photo-
conductive layer, a cholesteric liquid crystal, a bistable
nematic liquid crystal, a ferroelectric liquid crystal, a liquid
crystal dispersed type with a dichroic dye, a movable film,
coloring and decoloring properties of a leuco dye, photo-
chromism, electrochromism, electrodeposition, flexible
organic EL, and the like. Note that this embodiment is not
limited to these, and a variety of electronic paper and display
methods thereof can be used as electronic paper and a driving
method thereof. Here, with the use of microcapsule electro-
phoresis, aggregation and precipitation of phoresis particles
can be prevented. Electronic liquid powder has advantages
such as high-speed response, high reflectivity, a wide viewing
angle, low power consumption, and memory properties.

[0083] Note that electroluminescence, a cold cathode fluo-
rescent lamp, a hot cathode fluorescent lamp, an LED, a laser
light source, a mercury lamp, or the like can be used as a light
source of a display device in which a light source is needed,
such as a liquid crystal display (e.g., a transmissive liquid
crystal display, a transflective liquid crystal display, a reflec-
tive liquid crystal display, a direct-view liquid crystal display,
oraprojection liquid crystal display), a display device includ-
ing a grating light valve (GLV), or a display device including
a digital micromirror device (DMD), for example. Note that
this embodiment is not limited to this, and a variety of light
sources can be used as a light source.

[0084] Next, an example of the operation of the pixel 100 is
described. Signals are supplied to the wirings 104a and 1045
with timings shifted. For example, after a selection signal is
supplied to the wiring 104a, a selection signal is supplied to
the wiring 10454. Consequently, the transistor 101a or the
transistor 1015 is turned on. At this time, an image signal
corresponding to the display element 102a and the display
element 1025 is supplied to the wiring 105a. Accordingly,
voltages whose levels are different from each other can be
supplied to the display element 102a and the display element
1025b. Thus, the display element 1024 and the display element
10254 can be set to be in different states. For example, in the
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case where the display element 1024 and the display element
1025 include liquid crystal molecules, the alignment condi-
tions of the liquid crystal molecules can be different from
each other. When the alignment conditions of the liquid crys-
tal molecules included in the display element 102a and the
alignment conditions of the liquid crystal molecules included
in the display element 1025 are adjusted as appropriate in
accordance with the brightness (gradation) of a display
image, viewing angle characteristics can be improved.

[0085] Note that it is preferable that the area of the display
element 102a be substantially equal to the area of the display
element 1024. Note that one aspect of one embodiment of the
present invention is not limited to this. The area of the display
element 102a can be greatly different from the area of the
display element 1025. For example, the ratio of the area of the
display element 102a to the area of the display element 1026
can be about 1 to 2. It is therefore possible to control the
viewing angle characteristics adequately. Alternatively, an
area ratio gray scale method can be used as one of multi-
gradation methods.

[0086] Here, description “substantially equal” includes the
case where a small difference such as a manufacturing error
or a difference which does not substantially affect the opera-
tion exists. For example, the description “substantially equal”
indicates the case where a difference between objects is less
than 10%, preferably less than 5%.

[0087] Note that in the case where the area of the display
element 102a is substantially equal to the area of the display
element 1025, for example, the channel length or gate length
of the transistor 101a is substantially equal to the channel
length or gate length of the transistor 1015. As another
example, the channel width or gate width of the transistor
101a is substantially equal to the channel width or gate width
of the transistor 1015. As another example, the ratio of the
channel width or gate width to the channel length or gate
length of the transistor 1014 is substantially equal to the ratio
of the channel width or gate width to the channel length or
gate length of the transistor 1015. Thus, signals can be sup-
plied to display elements in a balanced manner; however, one
aspect of one embodiment of the present invention is not
limited to this.

[0088] Note that in the case where the area of the display
element 102a is larger than the area of the display element
1025, for example, the channel length or gate length of the
transistor 101a is shorter than the channel length or gate
length of the transistor 1015. As another example, the channel
width or gate width of the transistor 1014 is larger than the
channel width or gate width of the transistor 1015. As another
example, the ratio of the channel width or gate width to the
channel length or gate length of the transistor 101« is larger
than the ratio of the channel width or gate width to the channel
length or gate length of the transistor 1015. Thus, signals can
be supplied to display elements in a balanced manner; how-
ever, one aspect of one embodiment of the present invention
is not limited to this.

[0089] Since the pixel 100 includes the display element
102¢ and the display element 1024 in this manner, it can be
said that the pixel 100 includes two subpixels. InFIG. 1, it can
be said that one subpixel includes the transistor 101a, the
display element 1024, and the capacitor 103a and the other
subpixel includes the transistor 10154, the display element
10254, and the capacitor 1035.
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[0090] Note that although the pixel 100 illustrated in FIG. 1
includes two subpixels, one aspect of one embodiment of the
present invention is not limited to this. The number of sub-
pixels can be three or more.

[0091] Here, the transistor 101a and the transistor 1015 can
include an oxide semiconductor whose off-state current is
low. Thus, even when the pixel 100 includes a plurality of
subpixels and the capacitance value of the display element or
the capacitor is decreased, voltage held by the display ele-
ment or the capacitor can be prevented from being changed by
the off-state current of the transistor.

[0092] Note that the pixel 100 illustrated in FIG. 1 performs
control using the wirings 104a and 104b; thus, selection time
per wiring is short. Thus, in order to input a signal quickly, the
level of voltage applied to the gate of the transistor 101a and
the gate of the transistor 1015 is preferably high. Here, the
transistor 101a and the transistor 1015 can include an oxide
semiconductor whose withstand voltage is high. Therefore,
even when the level of voltage applied to the gate of the
transistor 101a and the gate of the transistor 1015 is high, a
signal can be supplied quickly while the transistor is not
damaged.

[0093] Note that it is possible not to provide at least one of
the capacitor 103a and the capacitor 1035. FIG. 2 is a circuit
diagram where the capacitor 1034 and the capacitor 1035 are
not provided. In that case, with the use of a transistor whose
off-state current is low, for example, a transistor including an
oxide semiconductor as a transistor, voltage applied to the
display element 102a and the display element 10256 can be
held without provision of the capacitor 103« and the capacitor
1035. Without provision of the capacitor 1034 and the capaci-
tor 1035, the aperture ratio can be improved.

[0094] Note that pixel circuits including subpixels are not
limited to those illustrated in FIG. 1 and FIG. 2. The pixel
circuits can have a variety of different structures. FIG. 3
illustrates another example of the pixel circuit including sub-
pixels.

[0095] In FIG. 3, the wiring 1045 is not provided and a
wiring 1055 is added in the circuit in FIG. 1. The contents
described with reference to FIG. 1 and FIG. 2 therefore can be
applied to FIG. 3. In FIG. 3, the first terminal of the transistor
1015 is connected to the wiring 1055, and the gate of the
transistor 1015 is connected to the wiring 104a. Except for
these, FIG. 3 is similar to FIG. 1.

[0096] Here, wirings provided in a vertical direction, such
as the wirings 1054 and 1055, are connected to sources or
drains of transistors included in pixels in some cases. Thus,
the wirings provided in the vertical direction, such as the
wirings 105a and 1054, can function as source signal lines,
source wirings, source lines, or the like. Alternatively, the
wirings provided in the vertical direction, such as the wirings
105a and 1055, are supplied with data signals, video signals,
source signals, or the like in some cases. Thus, the wirings
provided in the vertical direction, such as the wirings 105a
and 1055, can function as data signal lines, data wirings, data
lines, or the like.

[0097] Next, an example of the operation of the pixel 100
illustrated in FIG. 3 is described. First, a selection signal is
supplied to the wiring 104a. Consequently, the transistor
101a and the transistor 1015 are turned on. At this time, an
image signal corresponding to the display element 102a is
supplied to the wiring 1054, and an image signal correspond-
ing to the display element 1025 is supplied to the wiring 1055.
Accordingly, voltages whose levels are different from each
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other can be supplied to the display element 102a and the
display element 1025. Thus, the display element 1024 and the
display element 1025 can be set to be in different states. For
example, in the case where the display element 1024 and the
display element 1025 include liquid crystal molecules, the
alignment conditions of the liquid crystal molecules can be
different from each other. Consequently, viewing angle char-
acteristics can be improved.

[0098] Next, FIG. 4 illustrates another example of the pixel
circuit including subpixels.

[0099] In FIG. 4, the wiring 1045 is not provided in the
circuit in FIG. 1. In FIG. 4, the wiring 1055 is not provided in
the circuit in FIG. 3. The contents described with reference to
FIG. 1, FIG. 2, and FIG. 3 therefore can be applied to FIG. 4.
In FIG. 4, the first terminal of the transistor 1015 is connected
to the wiring 1054, and the gate of the transistor 1015 is
connected to the wiring 104a. Except for these, FIG. 4 is
similar to FIG. 1 or FIG. 3.

[0100] Next, an example of the operation of the pixel 100
illustrated in FIG. 4 is described. First, a selection signal is
supplied to the wiring 104a. Consequently, the transistor
101a and the transistor 1015 are turned on. At this time, an
image signal corresponding to the display element 102a and
the display element 1025 is supplied to the wiring 105a. Then,
a non-selection signal is supplied to the wiring 1044. Conse-
quently, the transistor 101a and the transistor 1015 are turned
off. After that, pulsed signals are supplied to the wiring 106a
and the wiring 1065. The polarity (or level) of a signal sup-
plied to the wiring 1064 is made opposite to the polarity (or
level) of a signal supplied to the wiring 1065. For example,
while a high-potential signal is supplied to the wiring 1064, a
low-potential signal is supplied to the wiring 1065. Alterna-
tively, while a positive-potential signal is supplied to the
wiring 106a, a negative-potential signal is supplied to the
wiring 1065. The signals supplied to the wiring 1064 and the
wiring 1065 are changed every predetermined period. For
example, in a period, a positive-potential signal is supplied to
the wiring 1064 and a negative-potential signal is supplied to
the wiring 1065; in the next period, a negative-potential signal
is supplied to the wiring 1064 and a positive-potential signal
is supplied to the wiring 1064; such operations are repeated.
Accordingly, averaged voltages are applied to the display
element 102a and the display element 1025; thus, voltages
whose levels are different from each other can be supplied to
the display element 102a and the display element 1025. Thus,
the display element 102a and the display element 1025 can be
set to be in different states. For example, in the case where the
display element 1024 and the display element 1025 include
liquid crystal molecules, the alignment conditions of the lig-
uid crystal molecules can be different from each other. Con-
sequently, viewing angle characteristics can be improved.
[0101] Next, FIG. 5 illustrates another example of the pixel
circuit including subpixels.

[0102] In FIG. 5, the wiring 1045 and the transistor 1015
are not provided and a capacitor 503 is added in the circuit in
FIG. 1. In FIG. 5, the wiring 1055 and the transistor 1015 are
not provided and the capacitor 503 is added in the circuit in
FIG. 3. In FIG. 5, the transistor 1015 is not provided and the
capacitor 503 is added in the circuit in FIG. 4. The contents
described with reference to F1G. 1, FIG. 2, FIG. 3, and FIG. 4
therefore can be applied to FIG. 5. In FIG. 5, the first terminal
of'the display element 1024 is connected to a first terminal of
the capacitor 503, and a second terminal of the capacitor 503
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is connected to the second terminal of the transistor 101a.
Except for these, FIG. 5 is similar to FIG. 1, FIG. 3, or FIG. 4.
[0103] Next, an example of the operation of the pixel 100
illustrated in FIG. 5 is described. First, a selection signal is
supplied to the wiring 104a. Consequently, the transistor
101a is turned on. At this time, an image signal corresponding
to the display element 102a and the display element 1025 is
supplied to the wiring 105a. Accordingly, voltage whose level
is different from the level of voltage supplied to the display
element 102a is supplied to the display element 1026 with
capacitive coupling because the capacitor 503 is provided.
Thus, the display element 1024 and the display element 1025
can be set to be in different states. For example, in the case
where the display element 102¢ and the display element 1025
include liquid crystal molecules, the alignment conditions of
the liquid crystal molecules can be different from each other.
Consequently, viewing angle characteristics can be
improved.

[0104] Next, FIG. 6 illustrates another example of the pixel
circuit including subpixels.

[0105] In FIG. 6, a transistor 501 is added to the circuit in
FIG. 5. In FIG. 6, the wiring 1045 and the transistor 1015 are
not provided and the capacitor 503 and the transistor 501 are
added in the circuit in FIG. 1. In FIG. 6, the wiring 1055 and
the transistor 1015 are not provided and the capacitor 503 and
the transistor 501 are added in the circuit in FIG. 3. In FIG. 6,
the transistor 1015 is not provided and the capacitor 503 and
the transistor 501 are added in the circuit in FIG. 4. The
contents described with reference to FIG. 1, FIG. 2, FIG. 3,
FIG. 4, and FIG. 5 therefore can be applied to FIG. 6. In FIG.
6, the first terminal of the display element 1025 is connected
to the first terminal of the capacitor 503, and the second
terminal of the capacitor 503 is connected to the second
terminal of the transistor 101a. A gate of the transistor 501 is
connected to the wiring 104a. A first terminal of the transistor
501 is connected to the wiring 105a. A second terminal of the
transistor 501 is connected to the first terminal of the display
element 102a. Except for these, FIG. 6 is similar to FIG. 1,
FIG. 3, FIG. 4, or FIG. 5.

[0106] Here, when the transistor 501 is on, it can function as
a resistor. Thus, the on resistance of the transistor 501 is
preferably higher than the on resistance of the transistor 101a;
however, one aspect of one embodiment of the present inven-
tion is not limited to this. For example, the channel length or
gate length of the transistor 501 is longer than the channel
length or gate length of the transistor 101a. As another
example, the channel width or gate width of the transistor 501
is smaller than the channel width or gate width of the transis-
tor 101a. As another example, the ratio of the channel width
or gate width to the channel length or gate length of the
transistor 501 is smaller than the ratio of the channel width or
gate width to the channel length or gate length of the transistor
101a.

[0107] Next, an example of the operation of the pixel 100
illustrated in FIG. 6 is described. First, a selection signal is
supplied to the wiring 104a. Consequently, the transistor
101a and the transistor 501 are turned on. At this time, an
image signal corresponding to the display element 102a and
the display element 1025 is supplied to the wiring 105a.
Accordingly, voltage whose level is different from the level of
voltage supplied to the display element 1024 is supplied to the
display element 1025 with capacitive coupling of the capaci-
tor 503 and the high on resistance of the transistor S01. Thus,
the display element 102a and the display element 1025 can be
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set to be in different states. For example, in the case where the
display element 102a and the display element 1025 include
liquid crystal molecules, the alignment conditions of the lig-
uid crystal molecules can be different from each other. Con-
sequently, viewing angle characteristics can be improved.
Further, with the transistor 501, electrical charge can be pre-
vented from being accumulated in the first terminal of the
capacitor 503 or the first terminal of the display element 1025.
Thus, image burn-in can be reduced.

[0108] Note that although the first terminal of the transistor
501 is connected to the wiring 1054, one aspect of one
embodiment of the present invention is not limited to this. For
example, as illustrated in FIG. 7, the first terminal of the
transistor 501 can be connected to the second terminal of the
capacitor 503 or the second terminal of the transistor 101a.
[0109] Note that in FIG. 1, FIG. 2, FIG. 3, FIG. 4, FIG. 5,
FIG. 6, and FIG. 7, a certain wiring and a different wiring are
put together into one wiring so that the number of wirings can
be reduced. Thus, the aperture ratio can be improved. For
example, the wiring 106a and the wiring 1065 can be put
together into one wiring. That is, the wiring 106a and the
wiring 1065 can be put together into one wiring 1064; thus,
the wiring 1065 can be eliminated. In that case, an element or
elements that are connected to the wiring 1065 are connected
to the wiring 106a.

[0110] Alternatively, the wiring 1064 and a different wiring
(e.g., the wiring 1065) included in a pixel other than the pixel
100 are put together into one wiring so that the number of
wirings can be reduced. That is, the wiring 106a and the
wiring 1065 in the different pixel can be put together into one
wiring 106a; thus, the wiring 1064 in the different pixel can
be eliminated. In that case, an element or elements that are
connected to the wiring 1065 in the different pixel are con-
nected to the wiring 1064.

[0111] Note that in this specification and the like, it might
be possible for those skilled in the art to constitute one
embodiment of the invention even when portions to which all
the terminals of an active element (e.g., a transistor or a
diode), a passive element (e.g., a capacitor or a resistor), or the
like are connected are not specified. In particular, in the case
where the number of portions to which the terminal is con-
nected might be plural, it is not necessary to specify the
portions to which the terminal is connected. Thus, it might be
possible to constitute one embodiment of the invention by
specifying only portions to which some of terminals of an
active element (e.g., a transistor or a diode), a passive element
(e.g., a capacitor or a resistor), or the like are connected.
[0112] Note that in this specification and the like, it might
be possible for those skilled in the art to specity the invention
when at least the connection portion of a circuit is specified.
It might be possible for those skilled in the art to specify the
invention when at least the function of a circuit is specified.
Thus, when the connection portion of a circuit is specified, the
circuit is disclosed as one embodiment of the invention even
when the function of the circuit is not specified, and one
embodiment of the invention can be constituted. When the
function of a circuit is specified, the circuit is disclosed as one
embodiment of the invention even when the connection por-
tion of the circuit is not specified, and one embodiment of the
invention can be constituted.

[0113] In this specification and the like, when an object is
explicitly described in a singular form, the object is prefer-
ably singular. Note that without limitation to this, the object
can be plural. Similarly, when an object is explicitly described
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in a plural form, the object is preferably plural. Note that
without limitation to this, the object can be singular.

Embodiment 2

[0114] FIG. 8 illustrates a structure example of a semicon-
ductor device or the like in this embodiment. In one aspect of
this embodiment, a pixel portion 801 is provided. Note that
one aspect of one embodiment of the present invention is not
limited to this.

[0115] A plurality of pixels are arranged in matrix in the
pixel portion 801. For example, a pixel 100a and a pixel 1005
are aligned in a lateral direction. Further, the pixel 100a and a
pixel 100c¢ are aligned in a longitudinal direction. The pixels
are connected to each other with wirings. The pixels arranged
in the longitudinal direction are connected to each other with
a wiring extended in a vertical direction. The pixels arranged
in the lateral direction are connected to each other with a
wiring extended in a horizontal direction. For example, the
pixel 100a and the pixel 1005 are connected to each other with
the wiring 104a. Furthermore, the pixel 100a and the pixel
100c are connected to each other with the wiring 105a. Note
that the pixels can be connected to each other with a different
wiring, for example, a wiring extended in the horizontal
direction (e.g., a capacitor wiring, a gate line for a different
subpixel, or a source line for a different subpixel) or a wiring
to which all the pixels are connected (e.g., a common wiring
or a power supply line). Further, pixels other than the pixels
100a to 102¢ are arranged and connected in a similar manner.
[0116] Here, the pixel 100a, the pixel 1005, the pixel 100c,
and the like each correspond to any of the pixels 100 illus-
trated in FIG. 1, FIG. 2, FIG. 3, FIG. 4, FIG. 5, FIG. 6, and
FIG. 7, for example.

[0117] Note that in this specification and the like, pixels
might be provided (arranged) in matrix. Here, description that
pixels are provided (arranged) in matrix includes the case
where the pixels are arranged in a straight line and the case
where the pixels are arranged in a jagged line, in a longitudi-
nal direction or a lateral direction. Thus, for example, when
full color display is performed with three color elements (e.g.,
R, G, and B), the following cases are included: the case where
the pixels are arranged in stripes, the case where dots of the
three color elements are arranged in a delta pattern, the case
where the dots of the three color elements are provided in
Bayer arrangement, the case where the dots of the three color
elements are provided in a mosaic pattern. Note that the size
of display regions may be different between dots of color
elements. Thus, power consumption can be reduced or the life
of a display element can be prolonged.

[0118] FIG. 9A illustrates the pixel portion 801 and
examples of peripheral circuits. The pixel portion 801 is
provided over a substrate 511. A transistor and a wiring
included in the pixel portion 801 are formed, etched, and
patterned concurrently. That is, the transistor and the wiring
included in the pixel portion 801 are formed concurrently
over one substrate through the same process. Thus, the mate-
rials of the transistor and the wiring included in the pixel
portion 801 are the same.

[0119] InFIG.9A, acircuit 502, a circuit 513, and a circuit
504 are formed over substrates which are different from the
substrate 511. For example, the circuit 502, the circuit 513, or
the circuit 504 includes an IC chip formed using a single
crystal substrate or an SOl substrate. Note that the circuit 502,
the circuit 513, and/or the circuit 504 might be provided over
the substrate 511 by COG.
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[0120] Here, the circuit 502 has a function of supplying
signals to the wiring 104a and the like; thus, the circuit 502
can function as a gate line driver circuit (a scan driver). The
circuit 513 has a function of supplying signals to the wiring
1054 and the like; thus, the circuit 513 can function as a signal
line driver circuit (a data driver). The circuit 504 has a func-
tion of controlling the circuit 502 or the circuit 513; thus, the
circuit 504 can function as a controller, a pulse generation
circuit, a clock signal generation circuit, a common voltage
generation circuit, a timing generator circuit, an image pro-
cessing circuit, a power supply circuit, or the like.

[0121] Note thatin FIG. 9A, the circuit 502, the circuit 513,
and the circuit 504 are provided over substrates which are
different from the substrate 511; however, one aspect of one
embodiment of the present invention is not limited to this. For
example, some of these circuits can be provided over the
substrate 511. For example, FIG. 9B illustrates an example of
the case where the circuit 502 is provided over the substrate
511. InFIG. 9B, a transistor and a wiring included in the pixel
portion 801 and a transistor and a wiring included in the
circuit 502 are formed, etched, and patterned concurrently.
That is, the pixel portion 801 and the circuit 502 are formed
concurrently over one substrate through the same process.
Thus, the materials of the transistor and the wiring included in
the pixel portion 801 are the same as those of the transistor
and the wiring included in the circuit 502. For that reason,
when the transistor in the pixel portion 801 includes an oxide
semiconductor, the transistor in the circuit 502 also includes
the oxide semiconductor.

[0122] When the circuit 502 is formed over the same sub-
strate as the pixel portion 801 in this manner, cost can be
reduced. In particular, in the case where the circuit 502 oper-
ates as a gate line driver circuit, its operation speed is not so
high. Thus, for example, even when the mobility of the tran-
sistor included in the circuit 502 is not high, the circuit 502
can operate adequately.

[0123] As an example which is different from the example
of FIG. 9B, the circuit 513 or part of the circuit 513 can also
be provided over the substrate 511. As an example of part of
the circuit 513, an analog switch (a transfer gate) can be
connected to the wiring 1054 or the like. Similarly, the circuit
504 or part of the circuit 504 can also be provided over the
substrate 511.

[0124] Note that in this specification and the like, a transis-
tor can be formed using a variety of substrates, without limi-
tation to a certain type. As the substrate, a semiconductor
substrate (e.g., a single crystal substrate or a silicon sub-
strate), an SOI substrate, a glass substrate, a quartz substrate,
a plastic substrate, a metal substrate, a stainless steel sub-
strate, a substrate including stainless steel foil, a tungsten
substrate, a substrate including tungsten foil, a flexible sub-
strate, an attachment film, paper including a fibrous material,
a base material film, or the like can be used, for example. As
a glass substrate, a barium borosilicate glass substrate, an
aluminoborosilicate glass substrate, a soda-lime glass sub-
strate, or the like can be used, for example. For a flexible
substrate, a flexible synthetic resin such as plastics typified by
polyethylene terephthalate (PET), polyethylene naphthalate
(PEN), or polyether sulfone (PES), or acrylic can be used, for
example. For an attachment film, polypropylene, polyester,
vinyl, polyvinyl fluoride, polyvinyl chloride, or the like can
be used, for example. For a base material film, polyester,
polyamide, polyimide, an inorganic vapor deposition film,
paper, or the like can be used, for example. In particular, by
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forming transistors with the use of a semiconductor substrate,
a single crystal substrate, an SOI substrate, or the like, tran-
sistors with fewer variations in characteristics, sizes, shapes,
orthe like, with high current supply capability, and with small
sizes can be formed. By forming a circuit with the use of such
a transistor, power consumption of the circuit can be reduced
or the circuit can be highly integrated.

[0125] Note that the transistor may be formed using one
substrate, and then, the transistor may be transferred to
another substrate. In addition to the above substrates over
which the transistor can be formed, a paper substrate, a cel-
lophane substrate, a stone substrate, a wood substrate, a cloth
substrate (including a natural fiber (e.g., silk, cotton, or
hemp), a synthetic fiber (e.g., nylon, polyurethane, or poly-
ester), a regenerated fiber (e.g., acetate, cupra, rayon, or
regenerated polyester), or the like), a leather substrate, a
rubber substrate, or the like can be used as a substrate to which
the transistor is transferred. With the use of such a substrate,
a transistor with excellent properties or a transistor with low
power consumption can be formed, a device with high dura-
bility and high heat resistance can be provided, or reduction in
weight or thickness can be achieved.

[0126] Note that all the circuits that are necessary to realize
a predetermined function can be formed using one substrate
(e.g., a glass substrate, a plastic substrate, a single crystal
substrate, or an SOI substrate). Thus, cost can be reduced by
reduction in the number of components or reliability can be
improved by reduction in the number of connections to circuit
components.

[0127] Note thatitis possible not to form all the circuits that
are necessary to realize the predetermined function over one
substrate. That is, some of the circuits which are necessary to
realize the predetermined function can be formed using one
substrate and some of the circuits which are necessary to
realize the predetermined function can be formed using
another substrate. For example, some of the circuits which are
necessary to realize the predetermined function can be
formed using a glass substrate and some of the circuits which
are necessary to realize the predetermined function can be
formed using a single crystal substrate (or an SOI substrate).
The single crystal substrate over which some of the circuits
which are necessary to realize the predetermined function
(such a substrate is also referred to as an IC chip) can be
connected to the glass substrate by COG, and the IC chip can
be provided over the glass substrate. Alternatively, the IC chip
can be connected to the glass substrate by TAB (tape auto-
mated bonding), COF (chip on film), SMT (surface mount
technology), a printed circuit board, or the like. When some of
the circuits are formed using the same substrate as a pixel
portion in this manner, cost can be reduced by reduction in the
number of components or reliability can be improved by
reduction in the number of connections to circuit compo-
nents. In particular, a circuit with high drive voltage, a circuit
with high drive frequency, or the like consumes a large
amount of power in many cases. Thus, such a circuit is formed
using a substrate which is different from the substrate over
which the pixel portion is formed (e.g., a single crystal sub-
strate), and an IC chip is formed. With the IC chip, the
increase in power consumption can be prevented.

[0128] The off-state current of a transistor including an
oxide semiconductor is low; thus, defects caused by off-state
current can be reduced when a semiconductor device or the
like including an oxide semiconductor is used. Thus, images
can be displayed more accurately.
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[0129] A thin film transistor including an intrinsic (i-type)
oxide semiconductor layer as an active layer is particularly
preferable because the off-state current of the thin film tran-
sistor is low. As a method for making an oxide semiconductor
layer intrinsic (i-type), dehydration or dehydrogenation is
effective.

Embodiment 3

[0130] In this embodiment, different examples of the pixel
100 are described.

[0131] Although the pixels 100 illustrated in FIG. 1, FIG. 2,
FIG. 3, FIG. 4, FIG. 5, FIG. 6, and FIG. 7 each include two
subpixels, the number of subpixels is not limited to two. For
example, FIG. 10 illustrates an example in which the pixel
100 illustrated in FIG. 1 includes three subpixels.

[0132] In the pixel 100 illustrated in FIG. 10, a transistor
101¢, a display element 102¢, and a capacitor 103¢ are added
to the pixel 100 illustrated in FIG. 1. A gate of the transistor
101c¢ is connected to a wiring 104c¢. A first terminal of the
transistor 101¢ is connected to the wiring 105a. A second
terminal of the transistor 101c¢ is connected to a first terminal
of the display element 102¢. A second terminal of the display
element 102¢is connected to a wiring 107¢. A first terminal of
the capacitor 103¢ is connected to the first terminal of the
display element 102¢. A second terminal of the capacitor
103¢ is connected to a wiring 106¢.

[0133] Note that the number of subpixels can be increased
in a similar manner also in the circuits in FIG. 2, FIG. 3, and
FIG. 4.

[0134] Next, FIG. 11 illustrates an example in which the
pixel 100 illustrated in FIG. 5 includes three subpixels. In the
pixel 100 illustrated in FIG. 11, the display element 102¢ and
a capacitor 503¢ are added to the pixel 100 illustrated in FIG.
5. A capacitor 5035 in FIG. 11 corresponds to the capacitor
503 in FIG. 5. The first terminal of the display element 102¢
is connected to a first terminal of the capacitor 503¢. A second
terminal of the capacitor 503¢ is connected to a first terminal
of the capacitor 5035. The second terminal of the display
element 102¢ is connected to the wiring 107¢. The first ter-
minal of the capacitor 103¢ is connected to the first terminal
of the display element 102¢. The second terminal of the
capacitor 103¢ is connected to the wiring 106c¢.

[0135] FIG. 12 illustrates an example in which part of con-
nection is different from the connection in FIG. 11. In FIG.
12, the second terminal of the capacitor 503c¢ is connected to
the second terminal of the transistor 101a. Except for this,
FIG. 12 is similar to FIG. 11.

[0136] Next, FIG. 13 illustrates an example in which the
pixel 100 illustrated in FIG. 6 includes three subpixels. In the
pixel 100 illustrated in FIG. 13, the display element 102¢, the
capacitor 503c¢, and a transistor 501¢ are added to the pixel
100 illustrated in FIG. 6. The capacitor 50356 in FIG. 13
corresponds to the capacitor 503 in FIG. 6. A transistor 5015
in FIG. 13 corresponds to the transistor 501 in FIG. 6. In FIG.
13, the transistor 5015 and the transistor 501¢ are added to the
pixel 100 illustrated in FIG. 11. In FIG. 13, the first terminal
of'the display element 102¢ is connected to the first terminal
of'the capacitor 503¢, and the second terminal of the capacitor
503c¢ is connected to the first terminal of the capacitor 5035.
A gate of the transistor 501¢ is connected to the wiring 104a.
A first terminal of the transistor 501¢ is connected to the
wiring 105a. A second terminal of the transistor 501c is
connected to the first terminal of the display element 102¢.
The second terminal of the display element 102¢ is connected
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to the wiring 107¢. The first terminal of the capacitor 103¢ is
connected to the first terminal of the display element 102¢.
The second terminal of the capacitor 103¢ is connected to the
wiring 106c¢.

[0137] Note that although a first terminal of the transistor
5015 is connected to the wiring 105a, one aspect of one
embodiment of the present invention is not limited to this. For
example, the first terminal of the transistor 5015 can be con-
nected to the first terminal of the capacitor 503¢, a second
terminal of the capacitor 5034, or the like.

[0138] Note that although the first terminal of the transistor
501c is connected to the wiring 105a, one aspect of one
embodiment of the present invention is not limited to this. For
example, the first terminal of the transistor 501c¢ can be con-
nected to the first terminal of the capacitor 5035, the second
terminal of the capacitor 5034, or the like.

[0139] Note that although the second terminal of the
capacitor 503¢ is connected to the first terminal of the capaci-
tor 5035, one aspect of one embodiment of the present inven-
tion is not limited to this. For example, the second terminal of
the capacitor 503¢ can be connected to the second terminal of
the capacitor 5035 or the like.

[0140] The off-state current of a transistor including an
oxide semiconductor is low; thus, defects caused by off-state
current can be reduced when a semiconductor device or the
like including an oxide semiconductor is used. Thus, images
can be displayed more accurately.

[0141] A thin film transistor including an intrinsic (i-type)
oxide semiconductor layer as an active layer is particularly
preferable because the off-state current of the thin film tran-
sistor is low. As a method for making an oxide semiconductor
layer intrinsic (i-type), dehydration or dehydrogenation is
effective.

Embodiment 4

[0142] In this embodiment, different examples of the pixel
100 are described.

[0143] In the pixel 100 illustrated in FIG. 14, a transistor
901 and a capacitor 903 are added to the pixel 100 illustrated
in FIG. 4. A gate of the transistor 901 is connected to a wiring
904. A first terminal of the transistor 901 is connected to the
first terminal of the display element 1024. A second terminal
of the transistor 901 is connected to a first terminal of the
capacitor 903. A second terminal of the capacitor 903 is
connected to a wiring 906.

[0144] Note that here, the capacitor 903 has a function of
controlling the amount of electrical charge supplied to the
display element 1025 or the capacitor 1035. Alternatively, the
capacitor 903 has a function of holding the potential of a pixel
electrode of the display element 1024.

[0145] Here, the wiring 904 is connected to a gate of a
transistor included in a pixel in some cases. Thus, the wiring
904 can function as a gate signal line, a gate wiring, a gate
line, or the like. Alternatively, the wiring 904 is supplied with
a signal for selecting rows one by one and the signal is
scanned in some cases. Thus, the wiring 904 can function as
a scan signal line, a scan wiring, a scan line, or the like.
Alternatively, the wiring 904 can have a function of control-
ling the amount of electrical charge accumulated in the
capacitor 903.

[0146] Here, the wiring 906 can be connected to other
pixels, for example, right and left pixels. Further, predeter-
mined voltage is supplied to the wiring 906. Alternatively, a
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signal is supplied to at least one row in some cases. Thus, the
wiring 906 can function as a common wiring, a capacitor
wiring, or the like.

[0147] Next, an example of the operation of the pixel 100
illustrated in FIG. 14 is described. First, a selection signal is
supplied to the wiring 104a. Consequently, the transistor
101a and the transistor 1015 are turned on. At this time; an
image signal corresponding to the display element 102a and
the display element 1025 is supplied to the wiring 105a. Then,
a non-selection signal is supplied to the wiring 1044a. Conse-
quently, the transistor 101« and the transistor 1015 are turned
off. After that, a selection signal is supplied to the wiring 904.
Consequently, electrical charge is redistributed in the capaci-
tor 903, the capacitor 1035, and the display element 1025.
Thatis, the electrical charge is moved in the capacitor 903, the
capacitor 1035, and the display element 1025. After that, a
non-selection signal is supplied to the wiring 904. Conse-
quently, the level of voltage applied to the display element
1025 is changed. Accordingly, voltages whose levels are dif-
ferent from each other can be supplied to the display element
102a and the display element 1025. Thus, the display element
1024 and the display element 1025 can be set to be in different
states. For example, in the case where the display element
102a and the display element 1024 include liquid crystal
molecules, the alignment conditions of the liquid crystal mol-
ecules can be different from each other. Consequently, view-
ing angle characteristics can be improved.

[0148] The area or capacitance value of the capacitor 903 is
preferably smaller than that of the capacitor 1035 because a
difference between the voltage of the display element 1025
and the voltage of the display element 1024 can be prevented
from being too large. Note that one aspect of one embodiment
of the present invention is not limited to this.

[0149] Note that the channel length or gate length of the
transistor 101a (or the transistor 1015) is substantially equal
to the channel length or gate length of the transistor 901. As
another example, the channel width or gate width of the
transistor 101« is substantially equal to the channel width or
gate width of the transistor 1015. As another example, the
ratio of the channel width or gate width to the channel length
or gate length of the transistor 101a is substantially equal to
the ratio of the channel width or gate width to the channel
length or gate length of the transistor 1015. Thus, signals can
be supplied to display elements in a balanced manner; how-
ever, one aspect of one embodiment of the present invention
is not limited to this.

[0150] Note that for example, the channel length or gate
length of the transistor 1014 (or the transistor 1015) is shorter
than the channel length or gate length of the transistor 901. As
another example, the channel width or gate width of the
transistor 101a (or the transistor 1015) is larger than the
channel width or gate width of the transistor 901. As another
example, the ratio of the channel width or gate width to the
channel length or gate length of the transistor 101a (or the
transistor 1015) is larger than the ratio of the channel width or
gate width to the channel length or gate length of the transistor
901. It is not necessary that a large amount of current flow
through the transistor 901; thus, current supply capability can
be made small. Thus, the aperture ratio can be improved. Note
that one aspect of one embodiment of the present invention is
not limited to this.

[0151] Here, the transistor 101a, the transistor 1015, and
the transistor 901 can include an oxide semiconductor whose
off-state current is low. Thus, even when the pixel 100
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includes a plurality of subpixels and the capacitance value of
the display element or the capacitor is decreased, voltage held
by the display element or the capacitor can be prevented from
being changed by the off-state current of the transistor.
[0152] Note that a certain wiring and a different wiring are
put together into one wiring so that the number of wirings can
be reduced. Thus, the aperture ratio can be improved. For
example, the wiring 906 and the wiring 1065 can be put
together into one wiring. That is, the wiring 906 and the
wiring 1065 can be put together into one wiring 1065; thus,
the wiring 906 can be eliminated. In that case, an element or
elements that are connected to the wiring 906 are connected to
the wiring 1065.

[0153] Alternatively, the wiring 1064 and the wiring 1065
can be put together into one wiring. That is, the wiring 106a
and the wiring 1065 can be put together into one wiring 1065;
thus, the wiring 106a can be eliminated. In that case, an
element or elements that are connected to the wiring 1064 are
connected to the wiring 1065.

[0154] Alternatively, the wiring 906 (or the wiring 106a or
1065) and a different wiring (e.g., the wiring 1065) included
in a pixel other than the pixel 100 are put together into one
wiring so that the number of wirings can be reduced. That is,
the wiring 906 (or the wiring 1064 or 1065) and the wiring
1065 in the different pixel can be put together into one wiring
906 (or one wiring 1064 or 1065); thus, the wiring 1065 in the
different pixel can be eliminated. In that case, an element or
elements that are connected to the wiring 1065 in the different
pixel are connected to the wiring 906 (or the wiring 106a or
1065).

[0155] Alternatively, the wiring 904 and a different wiring
(e.g., the wiring 104a) included in a pixel other than the pixel
100 are put together into one wiring so that the number of
wirings can be reduced. That is, the wiring 904 and the wiring
104a in the different pixel can be put together into one wiring
104a; thus, the wiring 904 can be eliminated. In that case, an
element or elements that are connected to the wiring 904 are
connected to the wiring 104q in the different pixel.

[0156] Note that the second terminal of the transistor 1015
is connected to the wiring 906 through the transistor 901 and
the capacitor 903 in that order; however, the connection order
of the transistor 901 and the capacitor 903 can be changed.
For example, as illustrated in FIG. 15, the second terminal of
the transistor 1015 can be connected to the wiring 906
through the capacitor 903 and the transistor 901 in that order.
[0157] Note that a capacitor 913 can be connected to the
first terminal of the capacitor 903 or the second terminal of the
transistor 901. For example, the capacitor 913 is added to the
pixel 100 in FIG. 14 as illustrated in FIG. 16, and a first
terminal of the capacitor 913 is connected to the first terminal
of the capacitor 903 or the second terminal of the transistor
901. A second terminal of the capacitor 913 is connected to
the second terminal of the transistor 1015.

[0158] Withsuchprovision ofthe capacitor 913, the level of
voltage applied to the capacitor 903 can be adjusted.

[0159] For example, the area or capacitance value of the
capacitor 913 is preferably smaller than that of the capacitor
903 because the level of voltage applied to the capacitor 903
can be lowered. Thus, the level of the voltage of the display
element 1025 can be changed effectively. Note that one aspect
of one embodiment of the present invention is not limited to
this.

[0160] Note that FIG. 17 illustrates the case where the
capacitor 913 is added to the pixel 100 illustrated in FIG. 15.
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The second terminal of the capacitor 913 is connected to the
wiring 906. The second terminal of the capacitor 913 can be
connected to the wiring 1064 or the wiring 1065.

[0161] Note that the second terminal of the capacitor 913
can be connected to a variety of elements. For example, FIG.
18 illustrates an example where the second terminal of the
capacitor 913 is connected to the second terminal of the
transistor 101a in the pixel 100 illustrated in FIG. 16. Simi-
larly, FIG. 19 illustrates an example where the second termi-
nal of the capacitor 913 is connected to the second terminal of
the transistor 101« in the pixel 100 illustrated in FIG. 17.
[0162] Note that the capacitor 103a or the capacitor 1035
can be eliminated. For example, FIG. 20 illustrates an
example where the capacitor 1035 is not provided in the pixel
100 illustrated in FIG. 17.

[0163] Note that although the pixels 100 illustrated in FIG.
14, F1G. 15, F1G. 16, F1G. 17, F1G. 18, FI1G. 19, and FIG. 20
each include two subpixels, one aspect of one embodiment of
the present invention is not limited to this. The number of
subpixels can be three or more.

[0164] For example, FIG. 21 illustrates an example in
which the pixel 100 illustrated in FIG. 14 includes three
subpixels. In FIG. 21, the gate of the transistor 101c¢ is con-
nected to the wiring 104a. The first terminal of the transistor
101¢ is connected to the wiring 105a. The second terminal of
the transistor 101c¢ is connected to the first terminal of the
display element 1024. The first terminal of the display ele-
ment 102¢ is connected to the first terminal of the capacitor
103¢, and the second terminal of the capacitor 103¢ is con-
nected to the wiring 106¢. A gate of the transistor 901c¢ is
connected to a wiring 904¢. A first terminal of the transistor
901c is connected to the first terminal of the display element
102c. A second terminal of the transistor 901c is connected to
a first terminal of the capacitor 903¢. A second terminal of the
capacitor 903¢ is connected to a wiring 906¢.

[0165] Note that the transistor 901, the capacitor 903, the
wiring 906, and the wiring 904 in FIG. 14 correspond to the
transistor 9015, the capacitor 9035, the wiring 9065, and the
wiring 9045 in FIG. 21, respectively.

[0166] For example, the area or capacitance value of the
capacitor 9035 is preferably different from that of the capaci-
tor 903¢. Alternatively, the area or capacitance value of the
capacitor 10354 is preferably different from that of the capaci-
tor 103¢. Alternatively, the area or capacitance value of the
display element 1025 is preferably different from that of the
display element 102¢. With such a structure, in a plurality of
subpixels, display elements can have voltages whose levels
are different from each other as appropriate. Note that one
aspect of one embodiment of the present invention is not
limited to this.

[0167] FIG. 22 illustrates an example where a capacitor
9135 and a capacitor 913¢ are added to the pixel 100 illus-
trated in FIG. 21, as in the example where the pixel 100
illustrated in FIG. 14 is transformed into the pixel 100 illus-
trated in FIG. 16. The capacitor 9135 is provided between a
first terminal and a second terminal of the transistor 9015. The
capacitor 913c¢ is provided between the first terminal and the
second terminal of the transistor 901c.

[0168] Note that also in the case where three or more sub-
pixels are provided, a certain wiring and a different wiring are
put together into one wiring so that the number of wirings can
be reduced. Thus, the aperture ratio can be improved.

[0169] The off-state current of a transistor including an
oxide semiconductor is low; thus, defects caused by off-state
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current can be reduced when a semiconductor device or the
like including an oxide semiconductor is used. Thus, images
can be displayed more accurately.

[0170] A thin film transistor including an intrinsic (i-type)
oxide semiconductor layer as an active layer is particularly
preferable because the off-state current of the thin film tran-
sistor is low. As a method for making an oxide semiconductor
layer intrinsic (i-type), dehydration or dehydrogenation is
effective.

Embodiment 5

[0171] In this embodiment, an example of a transistor
including an oxide semiconductor layer that can be used for
any of the display devices described in Embodiments 1 to 4,
and an example of the formation method of the transistor are
described in detail with reference to FIG. 23 and FIGS. 24A
to 24E. Note that the same portions as or portions having
functions similar to those in the above embodiment can be
formed in a manner similar to that described in the above
embodiment, steps similar to those in the above embodiment
can be performed in a manner similar to that described in the
above embodiment, and description thereof is omitted. In
addition, detailed description of the same portions is not
repeated.

[0172] Note that in this specification and the like, when it is
explicitly described that Y is formed on X or Y is formed
over X”, it does not necessarily mean thatY is formed in direct
contact with X. The description includes the case where X and
Y are not in direct contact with each other, i.e., the case where
another object is provided between X and Y. Here, each of X
and Y is an object (e.g., a device, an element, a circuit, a
wiring, an electrode, a terminal, a conductive film, or a layer).
[0173] Therefore, for example, when it is explicitly
described that “a layerY is formed on (or over) a layer X”, it
includes both the case where the layer Y is formed on and in
direct contact with the layer X and the case where another
layer (e.g., a layer Z) is formed on and in direct contact with
the layer X and the layerY is formed on and in direct contact
with the layer Z. Note that another layer (e.g., a layer Z) may
be a single layer or a plurality of layers (a stack of layers).
[0174] Similarly, when it is explicitly described that Y is
formed above X”, it does not necessarily mean that Y is
formed on and in direct contact with X and another object
may be provided therebetween. Therefore, for example, when
it is described that “a layer Y is formed above a layer X, it
includes both the case where the layer Y is formed on and in
direct contact with the layer X, and the case where another
layer (e.g., a layer Z) is formed on and in direct contact with
the layer X and the layer Y is formed on and in direct contact
with the layer Z. Note that another layer (e.g., a layer Z) may
be a single layer or a plurality of layers (a stack of layers).
[0175] Note that when it is explicitly described that “Y is
formed on X7, Y is formed over X”, or “Y is formed above
X, it includes the case where Y is formed obliquely over/
above X.

<Structure Example of Transistor>

[0176] As a transistor including an oxide semiconductor
layer that can be used for any of the display devices described
in Embodiments 1 to 4, for example, a top-gate transistor, a
bottom-gate transistor, or the like can be used. Alternatively,
the transistor may have a single-gate structure including one
channel formation region, a double-gate structure including
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two channel formation regions, 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 provided therebetween. FIG. 23
illustrates a bottom-gate transistor as an example of the tran-
sistor including an oxide semiconductor layer.

[0177] A transistor 510 includes a gate electrode layer 512
over a substrate 505, a gate insulating layer 507 over the gate
electrode layer 512, and an island-shaped oxide semiconduc-
tor layer 531 overlapping with the gate electrode layer 512
with the gate insulating layer 507 provided therebetween.
Further, a source and drain electrode layers 515a and 5155 are
provided in contact with the island-shaped oxide semicon-
ductor layer 531. Furthermore, a channel is formed in the
island-shaped oxide semiconductor layer 531 overlapping
with the gate electrode layer 512 between regions with which
the source and drain electrode layers 515a and 5154 are in
contact.

<Example of Steps of Forming Transistor>

[0178] FIGS.24A to 24E illustrate an example of the cross-
sectional structure of a transistor. The transistor 510 illus-
trated in FIGS. 24A to 24E is an inverted staggered transistor
with a bottom-gate structure that is similar to the transistor
510 illustrated in FIG. 23.

[0179] Steps of forming the transistor 510 over the sub-
strate 505 are described below with reference to FIGS. 24A to
24E.

[0180] First, a conductive film is formed over the substrate
505 having an insulating surface. Then, a wiring layer includ-
ing a gate electrode layer 521 is formed through a first pho-
tolithography process. Note that a resist may be formed by an
inkjet method. When the resist is formed by an inkjet method,
a photomask is not used; thus, manufacturing cost can be
reduced.

[0181] In this embodiment, a glass substrate is used as the
substrate 505 having an insulating surface.

[0182] An insulating film which serves as a base film may
be provided between the substrate 505 and the gate electrode
layer 521. The base film has a function of preventing diffusion
of'an impurity element (e.g., an alkali metal such as Li or Na,
or an alkaline earth metal such as Ca) from the substrate 505,
and can be formed to have a single-layer structure or a layered
structure using one or more films selected from a silicon
nitride film, a silicon oxide film, a silicon nitride oxide film,
and a silicon oxynitride film.

[0183] The gate electrode layer 521 can be formed to have
a single-layer structure or a layered structure using a metal
material such as molybdenum, titanium, tantalum, tungsten,
aluminum, copper, neodymium, or scandium, or an alloy
material which includes any of these as a main component.
[0184] Next, a gate insulating layer 507 is formed over the
gate electrode layer 521. The gate insulating layer 507 can be
formed to have a single-layer structure or a layered structure
using 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 oxyni-
tride layer, an aluminum nitride oxide layer, or a hafnium
oxide layer by plasma-enhanced CVD, sputtering, or the like.
[0185] An oxide semiconductor which is made to be an
intrinsic (i-type) or substantially intrinsic semiconductor by
removal of impurities is used as an oxide semiconductor in
this embodiment. Such a highly purified oxide semiconductor
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is highly sensitive to interface state density and interface
charge; thus, an interface between the oxide semiconductor
layer and the gate insulating layer is important. Thus, the gate
insulating layer which is in contact with the highly purified
oxide semiconductor needs high quality.

[0186] For example, high-density plasma-enhanced CVD
using microwaves (e.g., a frequency of 2.45 GHz) is prefer-
able because a dense high-quality insulating layer with high
withstand voltage can be formed. This is because the interface
state density can be reduced and interface properties can be
favorable when the highly purified oxide semiconductor is
closely in contact with the high-quality gate insulating layer.
[0187] Needless to say, a different deposition method can
be used as long as a high-quality insulating layer can be
formed as the gate insulating layer. In addition, any gate
insulating layer can be used as long as film quality and prop-
erties of an interface with an oxide semiconductor of the gate
insulating layer are modified by heat treatment performed
after deposition. In either case, any gate insulating layer can
be used as long as film quality as a gate insulating layer is
high, interface state density with an oxide semiconductor is
decreased, and a favorable interface can be formed.

[0188] Note that in order that hydrogen, a hydroxyl group,
and moisture are contained in the gate insulating layer 507
and an oxide semiconductor film 530 as little as possible, it is
preferable that as pretreatment for the deposition of the oxide
semiconductor film 530, the substrate 505 over which the gate
electrode layer 521 or the gate insulating layer 507 is formed
be preheated in a preheating chamber of a sputtering appara-
tus, so that impurities such as hydrogen and moisture
adsorbed onto the substrate 505 are eliminated and exhausted.
As an exhaustion means provided in the preheating chamber,
a cryopump is preferable. Note that this preheating treatment
can be omitted. In addition, the preheating may be similarly
performed on the substrate 505 over which the source and
drain electrode layers 515a and 51554 are formed before the
deposition of an insulating layer 516.

[0189] Next, the oxide semiconductor film 530 with a
thickness of 2 to 200 nm, preferably 5 to 30 nm is formed over
the gate insulating layer 507 (see FIG. 24A).

[0190] Note that before the oxide semiconductor film 530 is
deposited by sputtering, powdery substances (also referred to
as particles or dust) which attach to a surface of the gate
insulating layer 507 are preferably removed by reverse sput-
tering in which an argon gas is introduced and plasma is
generated. The reverse sputtering is a method in which, with-
out application of voltage to a target side, an RF power source
is used for application of voltage to a substrate in an argon
atmosphere and plasma is generated in the vicinity of the
substrate so that a substrate surface is modified. Note that
nitrogen, helium, oxygen, or the like may be used instead of
the argon atmosphere.

[0191] As anoxide semiconductor used for the oxide semi-
conductor film 530, 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—Z7n—O-based
oxide semiconductor, an In—Sn—Zn—O-based oxide semi-
conductor, an In—Al—Zn—O-based oxide semiconductor, a
Sn—Ga—Zn—O0-based oxide semiconductor, an Al—Ga—
Zn—O-based oxide semiconductor, or a Sn—Al—Zn—O0O-
based oxide semiconductor; a two-component metal oxide
such as an In—Zn—O-based oxide semiconductor, a
Sn—7n—O-based oxide semiconductor, an Al—Zn—O-
based oxide semiconductor, a Zn—Mg—O-based oxide
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semiconductor, a Sn—Mg—O-based oxide semiconductor,
an In—Mg—O-based oxide semiconductor, or an In—Ga—
O-based oxide semiconductor; a single-component metal
oxide such as an In—O-based oxide semiconductor, a
Sn—O-based oxide semiconductor, or a Zn—O-based oxide
semiconductor; or the like can be used. Further, the oxide
semiconductor layer may contain silicon oxide. When silicon
oxide (SiO, (x>0)), which hinders crystallization, is con-
tained in the oxide semiconductor layer, crystallization of the
oxide semiconductor layer can be suppressed in the case
where heat treatment is performed after the oxide semicon-
ductor film is formed in the manufacturing process. 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. Further, the In—Ga—Zn—0O-based oxide
semiconductor may contain an element other than In, Ga, and
Zn. In the case where an In—Zn—O-based material is used
for the oxide semiconductor, a target used has a composition
ratio of In:Zn=50:1 to 1:2 in an atomic ratio (In,O;:
Zn0=25:1 to 1:4 in a molar ratio), preferably In:Zn=20:1 to
1:1 in an atomic ratio (In,05:Zn0O=10:1 to 1:2 in a molar
ratio), more preferably In:Zn=15:1t01.5:1 (In,0;:Zn0O=15:2
to 3:4 in a molar ratio). For example, when a target used for
the deposition of the In—Zn—O-based oxide semiconductor
has a composition ratio of In:Zn:0=X:Y:Z in an atomic ratio,
where Z>1.5X+Y.

[0192] The oxide semiconductor is preferably an oxide
semiconductor containing In, more preferably, an oxide semi-
conductor containing In and Ga. Dehydration or dehydroge-
nation is effective in obtaining an i-type (intrinsic) oxide
semiconductor layer. In this embodiment, the oxide semicon-
ductor film 530 is deposited by sputtering with the use of an
In—Ga—Zn—O0-based oxide semiconductor target. A cross-
sectional view at this stage corresponds to FIG. 24A.

[0193] As a target used for the deposition of the oxide
semiconductor film 530 by sputtering, for example, an oxide
target containing In,0;, Ga,0;, and ZnO at a composition
ratioof'1:1:1 [molarratio] is used, so that an In—Ga—Z7n—0O
film is deposited. Without limitation on the material and the
composition of the target, for example, an oxide target con-
taining In,O;, Ga,O;, and ZnO at acompositionratio of 1:1:2
or 1:1:4 [molar ratio] may be used.

[0194] The filling rate of the oxide target is 90 to 100%,
preferably 95 to 99.9%. With the use of a metal oxide target
with a high filling rate, a dense oxide semiconductor film can
be deposited. Further, the purity of the target is preferably
99.99% or higher. In particular, it is preferable that impurities,
for example, an alkali metal such as Li or Na and an alkaline
earth metal such as Ca be reduced.

[0195] It is preferable that a high-purity gas from which
impurities such as hydrogen, water, a hydroxyl group, and
hydride are removed be used as a sputtering gas used for the
deposition of the oxide semiconductor film 530.

[0196] The substrate is placed in a deposition chamber kept
under reduced pressure, and the substrate temperature is 100
to 600° C., preferably 200 to 400° C. By deposition of the
oxide semiconductor film while the substrate is heated, the
concentration of impurities included in the deposited oxide
semiconductor film can be lowered. In addition, damage by
sputtering is reduced. Then, a sputtering gas from which
hydrogen and moisture are removed is introduced while
moisture remaining in the deposition chamber is removed
using an exhaustion pump, and the oxide semiconductor film
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530 is deposited over the substrate 505 with the use of the
target. In order to remove moisture remaining in the deposi-
tion chamber and hydrogen and moisture that enter from the
outside of the deposition chamber (hydrogen and moisture
that enter due to leakage), an adsorption vacuum pump such
as a cryopump, an ion pump, or a titanium sublimation pump
is preferably used. A turbo pump to which a cold trap is added
may be used as an exhaustion means. For example, a hydro-
gen atom, a compound containing a hydrogen atom, such as
water (preferably a compound containing a carbon atom), and
the like are exhausted from the deposition chamber with the
use of a cryopump. Thus, the concentration of impurities
contained in the oxide semiconductor film deposited in the
deposition chamber can be lowered.

[0197] The atmosphere for the sputtering may be a rare gas
(typically argon) atmosphere, an oxygen atmosphere, or a
mixed atmosphere containing a rare gas and oxygen.

[0198] An example of the deposition condition is as fol-
lows: the distance between the substrate and the target is 100
mm, the pressure is 0.6 Pa, the DC power is 0.5 kW, and the
atmosphere is an oxygen atmosphere (the proportion of the
oxygen flow rate is 100%). Note that a pulsed DC power
source is preferably used because powdery substances (also
referred to as particles or dust) generated in the deposition can
be reduced and the film thickness can be uniform.

[0199] Further, when the leakage rate of the deposition
chamber of the sputtering apparatus is set lower than or equal
to 1x107'° Pa-m*/s, entry of impurities such as an alkali metal
and hydride to the oxide semiconductor film that is being
deposited by sputtering can be reduced.

[0200] Further, with the use of an adsorption vacuum pump
as an exhaustion system, counter flow of impurities such as an
alkali metal, a hydrogen atom, a hydrogen molecule, water, a
hydroxyl group, and hydride from the exhaustion system can
be reduced.

[0201] Note that impurities, for example, an alkali metal
such as Li or Na and an alkaline earth metal such as Ca
contained in the oxide semiconductor layer are preferably
reduced. Specifically, the impurity concentrations of Li, Na,
and K contained in the oxide semiconductor layer are each
5x10' cm™> or lower, preferably 1x10'°> cm~ when the con-
centrations are measured by SIMS.

[0202] An alkali metal and an alkaline earth metal are bad
impurities for the oxide semiconductor and are contained as
little as possible. When an insulating film that is in contact
with the oxide semiconductor is an oxide, an alkali metal, in
particular, Na diffuses into the oxide and becomes Na*. In
addition, Na cuts a bond between metal and oxygen or enters
the bond in the oxide semiconductor. Consequently, transistor
characteristics deteriorate (for example, the transistor
becomes normally-on (the threshold voltage is shifted to a
negative side) or mobility is decreased). Further, this also
causes variation in the characteristics. Such a problem
becomes evident especially in the case where the hydrogen
concentration in the oxide semiconductor is extremely low.
The concentration of an alkali metal is therefore strongly
required to set the above value in the case where the hydrogen
concentration in the oxide semiconductor is 5x10'° cm™ or
lower, particularly 5x10'® cm=> or lower.

[0203] Next, the oxide semiconductor film 530 is processed
into an island-shaped oxide semiconductor layer through a
second photolithography process. A resist used for forming
the island-shaped oxide semiconductor layer may be formed
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by an inkjet method. When the resist is formed by an inkjet
method, a photomask is not used; thus, manufacturing cost
can be reduced.

[0204] Inthe case where a contacthole is formed in the gate
insulating layer 507, the formation of the contact hole can be
performed at the same time as processing of the oxide semi-
conductor film 530.

[0205] Note that as the etching of the oxide semiconductor
film 530, dry etching, wet etching, or both dry etching and wet
etching may be employed. As an etchant used for wet etching
of the oxide semiconductor film 530, for example, a solution
obtained by mixture of phosphoric acid, acetic acid, and nitric
acid, or the like can be used. Alternatively, ITO-07N (pro-
duced by KANTO CHEMICAL CO., INC.) may be used.
[0206] In this embodiment, the oxide semiconductor layer
is subjected to first heat treatment. Through the first heat
treatment, the oxide semiconductor layer can be dehydrated
or dehydrogenated. The temperature of the first heat treat-
ment is higher than or equal to 400° C. and lower than or equal
to 750° C., or higher than or equal to 400° C. and lower than
the strain point of the substrate. Here, after the substrate is put
in an electric furnace that is a kind of heat treatment apparatus
and the oxide semiconductor layer is subjected to heat treat-
ment at 450° C. for one hour in a nitrogen atmosphere, water
or hydrogen is prevented from being mixed into the oxide
semiconductor layer without exposure to the air; thus, the
oxide semiconductor layer 531 is obtained (see FIG. 24B).
[0207] The heat treatment apparatus is not limited to an
electric furnace, and a device for heating an object to be
processed by thermal conduction or thermal radiation from a
heater such as a resistance heater may be used. For example,
an RTA (rapid thermal annealing) apparatus such as a GRTA
(gas rapid thermal annealing) apparatus, or an LRTA (lamp
rapid thermal annealing) apparatus can be used. An LRTA
apparatus is an apparatus for heating an object to be processed
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 appa-
ratus with which heat treatment is performed 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 (e.g., argon), is used.
[0208] For example, as the first heat treatment, GRTA may
be performed as follows. The substrate is transferred and put
in an inert gas heated at a high temperature of 650 to 700° C.,
is heated for several minutes, and is transferred and taken out
of the inert gas heated at the high temperature.

[0209] Note that in the first heat treatment, it is preferable
that water, hydrogen, and the like be not contained in nitrogen
or a rare gas such as helium, neon, or argon. Alternatively, the
purity of nitrogen or a rare gas such as helium, neon, or argon
which is introduced into the heat treatment apparatus is pref-
erably 6N (99.9999%) or higher, more preferably 7N (99.
99999%) or higher (that is, the impurity concentration is 1
ppm or lower, preferably 0.1 ppm or lower).

[0210] After the oxide semiconductor layer is heated in 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 while the heating temperature is maintained
ordecreased. Itis preferable that water, hydrogen, and the like
be not contained in the oxygen gas or the N,O gas. Alterna-
tively, the purity of the oxygen gas or the N,O gas which is
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introduced into the heat treatment apparatus is preferably 6N
(99.9999%) or higher, more preferably 7N (99.99999%) or
higher (that is, the impurity concentration in the oxygen gas
or the N,O gas is 1 ppm or lower, preferably 0.1 ppm or
lower). By the action of the oxygen gas or the N,O gas,
oxygen which is a main component of the oxide semiconduc-
tor and which is reduced at the same time as the step of
removing impurities by dehydration or dehydrogenation is
supplied, so that the oxide semiconductor layer can be a
highly purified electrically i-type (intrinsic) oxide semicon-
ductor layer.

[0211] In addition, the first heat treatment for the oxide
semiconductor layer can be performed before the oxide semi-
conductor film 530 is processed into the island-shaped oxide
semiconductor layer. In that case, the substrate is taken out of
the heat treatment apparatus after the first heat treatment, and
then a photolithography process is performed.

[0212] Note that other than the above timing, the first heat
treatment may be performed at either ofthe following timings
as long as it is performed after the oxide semiconductor layer
is deposited: after a source electrode layer and a drain elec-
trode layer are formed over the oxide semiconductor layer;
and after an insulating layer is formed over the source elec-
trode layer and the drain electrode layer.

[0213] 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.

[0214] In addition, as the oxide semiconductor layer, an
oxide semiconductor layer having a crystal region with a
large thickness, that is, a crystal region which is c-axis-
aligned perpendicularly to a surface of the film may be
formed by performing deposition twice and heat treatment
twice, regardless of the material of a base member, such as an
oxide, a nitride, or a metal. For example, after a first oxide
semiconductor film with a thickness of 3 to 15 nm is depos-
ited, first heat treatment is performed at 450 to 850° C.,
preferably 550 to 750° C. in the atmosphere of nitrogen,
oxygen, a rare gas, or dry air, so that a first oxide semicon-
ductor film which includes a crystalline region (including
plate-like crystals) in a region including its surface is formed.
Then, after a second oxide semiconductor film which has a
larger thickness than the first oxide semiconductor film is
formed, second heat treatment is performed at 450 to 850° C.,
preferably 600 to 700° C., so that crystal growth proceeds
upward with the use of the first oxide semiconductor film as a
seed of the crystal growth and the entire second oxide semi-
conductor film is crystallized. In such a manner, the oxide
semiconductor layer having a thick crystal region may be
formed.

[0215] Next, a conductive film serving as the source elec-
trode layer and the drain electrode layer (including a wiring
formed using the same layer as the source electrode layer and
the drain electrode layer) is formed over the gate insulating
layer 507 and the oxide semiconductor layer 531. As the
conductive film serving as the source electrode layer and the
drain electrode layer, for example, a metal film including an
element selected from Al, Cr, Cu, Ta, Ti, Mo, or W, a metal
nitride film including the above element as its component
(e.g., a titanium nitride film, a molybdenum nitride film, or a
tungsten nitride film), or the like can be used. Alternatively, a
film of a high-melting-point metal such as Ti, Mo, or W or a
metal nitride film thereof (e.g., a titanium nitride film, a
molybdenum nitride film, or a tungsten nitride film) may be
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formed over or/and below a metal film of Al, Cu, or the like.
In particular, it is preferable to provide a conductive film
containing titanium on a side in contact with the oxide semi-
conductor layer.

[0216] A resist is formed over the conductive film through
a third photolithography process, and the source and drain
electrode layers 515a and 5155 are Ruined by selective etch-
ing. Then, the resist is removed (see FIG. 24C).

[0217] Anultraviolet ray, a KrF laser beam, or an ArF laser
beam may be used for exposure at the time of formation of the
resist mask through the third photolithography process. The
channel length L of a transistor to be formed later is deter-
mined by a pitch between a lower end of the source electrode
layer and a lower end of the drain electrode layer that are
adjacent to each other over the oxide semiconductor layer
531. Note that when exposure is performed under a condition
that the channel length L is less than 25 nm, the exposure at
the time of the formation of the resist through the third pho-
tolithography process is preferably performed using an
extreme ultraviolet ray whose wavelength is extremely short
(several nanometers to several tens of nanometers). In expo-
sure with an extreme ultraviolet ray, resolution is high and the
depth of focus is large. Therefore, the channel length L. of the
transistor to be formed later can be 10 to 1000 nm, and a
circuit can operate at higher speed.

[0218] Inordertoreducethe number of photomasks used in
the photolithography processes and the number of processes,
an etching process may be performed using a resist formed
using a multi-tone mask that is an exposure mask through
which light is transmitted to have a plurality of intensities. A
resist formed using a multi-tone mask has a plurality of thick-
nesses and can be changed in shape by etching; therefore, the
resist can be used in a plurality of etching processes for
processing films into different patterns. Therefore, a resist
corresponding to at least two or more kinds of different pat-
terns can be formed by one multi-tone mask. Thus, the num-
ber of exposure masks and the number of corresponding
photolithography processes can be reduced, so that the pro-
cess can be simplified.

[0219] Note that it is preferable that etching conditions be
optimized so that the oxide semiconductor layer 531 is not
etched and divided when the conductive film is etched. How-
ever, it is difficult to obtain etching conditions in which only
the conductive film is etched and the oxide semiconductor
layer 531 is not etched at all. In some cases, only part of the
oxide semiconductor layer 531 is etched to be an oxide semi-
conductor layer having a groove (a depression) when the
conductive film is etched.

[0220] Inthis embodiment, a Ti film is used as the conduc-
tive film and an In—Ga—Z7n—O-based oxide semiconductor
is used for the oxide semiconductor layer 531; thus, an ammo-
nia hydrogen peroxide solution (a mixed solution of ammo-
nia, water, and a hydrogen peroxide solution) is used as an
etchant, so that the conductive film can be selectively etched.
[0221] Next, water or the like adsorbed onto an exposed
surface of the oxide semiconductor layer may be removed by
plasma treatment using a gas such as N,O, N,, or Ar. In the
case where the plasma treatment is performed, the insulating
layer 516 serving as a protective insulating film that is in
contact with part of the oxide semiconductor layer is formed
without exposure to the air.

[0222] The insulating layer 516 can be formed to a thick-
ness of at least 1 nm or more by a method by which impurities
such as water and hydrogen are not mixed into the insulating
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layer 516, such as sputtering, as appropriate. When hydrogen
is contained in the insulating layer 516, entry of hydrogen to
the oxide semiconductor layer or extraction of oxygen con-
tained in the oxide semiconductor layer by hydrogen is
caused; thus, a backchannel of the oxide semiconductor layer
might have low resistance (n-type conductivity) and a para-
sitic channel might be formed. It is therefore important to
employ a deposition method in which hydrogen is not used in
order to form the insulating layer 516 containing hydrogen as
little as possible.

[0223] In this embodiment, a 200-nm-thick silicon oxide
film is deposited as the insulating layer 516 by sputtering. The
substrate temperature at the time of deposition is in the range
of from room temperature to 300° C., and 100° C. in this
embodiment. The silicon oxide film can be deposited by
sputtering in a rare gas (typically argon) atmosphere, an oxy-
gen atmosphere, or an atmosphere including a rare gas (typi-
cally argon) and oxygen. Further, a silicon oxide target or a
silicon target can be used as a target. For example, a silicon
oxide film can be deposited using a silicon target in an atmo-
sphere including oxygen by sputtering. The insulating layer
516 which is formed in contact with the oxide semiconductor
layer is formed using an inorganic insulating film which does
not include impurities such as moisture, a hydrogen ion, and
Off and blocks entry of these impurities from the outside.
Typically, the insulating layer 516 is formed using a silicon
oxide film, a silicon oxynitride film, an aluminum oxide film,
an aluminum oxynitride film, or the like.

[0224] In order to remove moisture remaining in the depo-
sition chamber of the insulating layer 516 in a manner similar
to that of the deposition of the oxide semiconductor film 530,
an adsorption vacuum pump (e.g., a cryopump) is preferably
used. When the insulating layer 516 is deposited in the depo-
sition chamber which is exhausted using a cryopump, the
impurity concentration in the insulating layer 516 can be
lowered. In addition, as an exhaustion means for removing
moisture remaining in the deposition chamber used for
depositing the insulating layer 516, a turbo pump to which a
cold trap is added may be used.

[0225] It is preferable that a high-purity gas from which
impurities such as hydrogen, water, a hydroxyl group, and
hydride are removed be used as a sputtering gas used for the
deposition of the insulating layer 516.

[0226] Next, second heat treatment (preferably at 200 to
400° C., for example, 250 to 350° C.) is performed in an inert
gas atmosphere or an oxygen gas atmosphere. For example,
the second heat treatment is performed at 250° C. for one hour
in a nitrogen atmosphere. Through the second heat treatment,
part (a channel formation region) of the oxide semiconductor
layer is heated while being in contact with the insulating layer
516.

[0227] As described above, the first heat treatment is per-
formed on the oxide semiconductor film so that impurities
such as hydrogen, moisture, a hydroxyl group, and hydride
(also referred to as a hydrogen compound) are intentionally
removed from the oxide semiconductor layer, and then oxy-
gen which is one of main components of the oxide semicon-
ductor and is reduced at the same time as the step of removing
impurities can be supplied. The oxide semiconductor layer is
therefore a highly purified electrically i-type (intrinsic) oxide
semiconductor layer.
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[0228] Through the steps, the transistor 510 is formed (see
FIG. 24D).
[0229] When a silicon oxide layer having a lot of defects is

used as the insulating layer 516, impurities such as hydrogen,
moisture, a hydroxyl group, and hydride contained in the
oxide semiconductor layer are diffused in the silicon oxide
layer by heat treatment performed after the formation of the
silicon oxide layer, so that the impurities contained in the
oxide semiconductor layer can be further reduced.

[0230] In addition, when a silicon oxide layer containing
excessive oxygen is used as the insulating layer 516, oxygen
in the insulating layer 516 is moved to the oxide semiconduc-
tor layer 531 by heat treatment performed after the formation
of the insulating layer 516, so that the oxygen concentration
in the oxide semiconductor layer 531 can be improved and the
oxide semiconductor layer 531 can be highly purified.
[0231] A protective insulating layer 506 may be addition-
ally formed over the insulating layer 516. For example, for the
protective insulating layer 506, a silicon nitride film is formed
by RF sputtering. Since the RF sputtering achieves high mass
productivity, it is preferably used as the deposition method of
the protective insulating layer. The protective insulating layer
is formed using an inorganic insulating film which does not
contain an impurity such as moisture and blocks entry of the
impurity from the outside. For example, a silicon nitride film,
an aluminum nitride film, or the like is used. In this embodi-
ment, the protective insulating layer 506 is formed using a
silicon nitride film (see FIG. 24E).

[0232] As the protective insulating layer 506, a silicon
nitride film is formed in such a manner that the substrate 505
over which the insulating layer 516 is formed is heated at a
temperature of 100 to 400° C., a sputtering gas including
high-purity nitrogen from which hydrogen and moisture are
removed is introduced, and a silicon semiconductor target is
used. In this case also, as in the insulating layer 516, it is
preferable to deposit the protective insulating layer 506 while
moisture remaining in the deposition chamber is removed.
[0233] After the formation of the protective insulating
layer, heat treatment may be further performed at 100 to 200°
C. for 1 to 30 hours in the air. This heat treatment may be
performed at a fixed heating temperature. Alternatively, the
following change in the heating temperature may be con-
ducted plural times repeatedly: the heating temperature is
increased from room temperature to a temperature of 100 to
200° C. and then decreased to room temperature.

[0234] Oxygen-dope treatment (oxygen plasma-dope treat-
ment) may be performed on the oxide semiconductor film 530
and/or the gate insulating layer 507. Oxygen-dope treatment
is addition of oxygen (which includes at least one of an
oxygen radical, an oxygen atom, and an oxygen ion) to a bulk.
Note that the term “bulk” is used in order to clarify that
oxygen is added not only to a surface of a thin film but also to
the inside of the thin film. In addition, the term “oxygen-dope
treatment” includes “oxygen plasma-dope treatment” by
which oxygen which is made to be plasma is added to a bulk.
[0235] The oxygen plasma-dope treatment may be either a
method by which oxygen which is made to be plasma by
inductively coupling plasma (ICP) is added or a method by
which oxygen which is made to be plasma with the use of a
microwave whose frequency is 1 GHz or higher (e.g., a fre-
quency of 2.45 GHz) is added.

[0236] The transistor described in this embodiment has
high field-effect mobility; thus, high-speed operation is pos-
sible. Thus, when the transistor including an oxide semicon-
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ductor layer is used in a pixel portion in a liquid crystal
display device, high-quality images can be displayed. In addi-
tion, by using transistors including oxide semiconductor lay-
ers, a driver circuit portion and a pixel portion are formed over
one substrate; thus, the number of components of the liquid
crystal display device can be reduced.

[0237] The off-state current of a transistor including an
oxide semiconductor is low; thus, defects caused by off-state
current can be reduced when a semiconductor device or the
like including an oxide semiconductor is used. Thus, images
can be displayed more accurately.

Embodiment 6

[0238] Next, another structure example and a driving
method ofa display device are described. In this embodiment,
a method is described by which an image for interpolating
motion of an image input from the outside of a display device
(an input image) is generated inside the display device on the
basis of a plurality of input images and the generated image
(the generation image) and the input image are sequentially
displayed. Note that when an image for interpolating motion
of an input image is a generation image, motion of moving
images can be made smooth, and the decrease in quality of
moving images because of afterimages or the like due to hold
driving can be suppressed. Here, moving image interpolation
is described below. Ideally, moving images are displayed by
control of the luminance of each pixel in real time; however,
individual control of pixels in real time has problems such as
the enormous number of control circuits, space for wirings,
and the enormous amount of input image data. Thus, it is
difficult to realize the individual control of pixels. Therefore,
for display of moving images by a display device, a plurality
of'still images are sequentially displayed in a certain cycle so
that display appears to be moving images. The cycle (in this
embodiment, referred to as an input image signal cycle and
denoted by T,,) is standardized, and for example, Y60 second
in NTSC and Y50 second in PAL. Such a cycle does not cause
a problem of moving image display in a CRT, which is an
impulsive display device. However, in a hold-type display
device, when moving images conforming to these standards
are displayed without change, a defect in which display is
blurred because of afterimages or the like due to hold driving
(hold blur) occurs. Since hold blur is recognized by discrep-
ancy between unconscious motion interpolation due to
human eyes tracking and hold-type display, the hold blur can
be reduced by making the input image signal cycle shorter
than that in conventional standards (by making the control
closer to individual control of pixels in real time). However, it
is difficult to reduce the length of the input image signal cycle
because the standard needs to be changed and the amount of
data is increased. However, an image for interpolating motion
of an input image is generated inside the display device in
response to a standardized input image signal, and display is
performed while the generation image interpolates the input
image, so that hold blur can be reduced without a change in
the standard or an increase in the amount of data. Operation
such that an image signal is generated inside the display
device in response to an input image signal to interpolate
motion of the input image is referred to as moving image
interpolation.

[0239] By amethod for interpolating moving images in this
embodiment, motion blur can be reduced. The method for
interpolating moving images in this embodiment can include
an image generation method and an image display method.
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Further, by using a different image generation method and/or
a different image display method for motion with a specific
pattern, motion blur can be effectively reduced. FIGS. 25A
and 25B are schematic diagrams each illustrating an example
of a method for interpolating moving images in this embodi-
ment. FIGS. 25A and 25B each illustrate timing of treating
each image by using the position of the horizontal direction,
with the time as the horizontal axis. A portion represented as
“input” indicates timing of when an input image signal is
input. Here, images 5121 and 5122 are focused as two images
that are temporally adjacent. An input image is input at an
interval of the cycle T,,. Note that the length of one cycle T,,,
is referred to as one frame or one frame period in some cases.
A portion represented as “generation” indicates timing of
when a new image is generated from an input image signal.
Here, an image 5123 which is a generation image generated
onthe basis of the images 5121 and 5122 is focused. A portion
represented as “display” indicates timing of when an image is
displayed in the display device. Note that images other than
the focused images are only represented by dashed lines, and
by treating such images in a manner similar to that of the
focused images, the example of the method for interpolating
moving images in this embodiment can be realized.

[0240] Inthe example of the method for interpolating mov-
ing images in this embodiment, as illustrated in FIG. 25A; a
generation image which is generated on the basis of two input
images that are temporally adjacent is displayed in a period
after one image is displayed until the other image is dis-
played, so that moving image interpolation can be performed.
In this case, the display cycle of a display image is preferably
half the input cycle of the input image. Note that the display
cycle is not limited to this and can be a variety of display
cycles. For example, in the case where the length of the
display cycle is shorter than half the length of the input cycle,
moving images can be displayed more smoothly. Alterna-
tively, in the case where the length of the display cycle is
longer than half the length of the input cycle, power consump-
tion can be reduced. Note that here, an image is generated on
the basis of two input images which are temporally adjacent;
however, the number of input images serving as a basis is not
limited to two and can be other numbers. For example, when
an image is generated on the basis of three (may be more than
three) input images which are temporally adjacent, a genera-
tion image with higher accuracy can be obtained as compared
to the case where an image is generated on the basis of two
input images. Note that the display timing of the image 5121
is the same as the input timing of the image 5122, that is, the
display timing is one frame later than the input timing. How-
ever, display timing in the method for interpolating moving
images in this embodiment is not limited to this and can be a
variety of display timings. For example, the display timing
can be delayed with respect to the input timing by more than
one frame. Thus, the display timing of the image 5123 which
is the generation image can be delayed, which allows enough
time to generate the image 5123 and leads to reduction in
power consumption and manufacturing cost. Note that when
the display timing is delayed with respect to the input timing
for a long time, a period for holding an input image becomes
longer, and the memory capacity which is necessary for hold-
ing the input image is increased. The display timing is there-
fore preferably delayed with respect to the input timing by
approximately one to two frames.

[0241] Here, an example of a specific generation method of
the image 5123 which is generated on the basis of the images
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5121 and 5122 is described. It is necessary to detect motion of
an input image in order to interpolate moving images. In this
embodiment, a method called a block matching method can
be used in order to detect motion of an input image. Note that
this embodiment is not limited to this, and a variety of meth-
ods (e.g., amethod for obtaining a difference of image data or
a method of using Fourier transformation) can be used. In the
block matching method, first, image data for one input image
(here, image data of the image 5121) is stored in a data storage
means (e.g., a memory circuit such as a semiconductor
memory or a RAM). Then, an image in the next frame (here,
the image 5122) is divided into a plurality of regions. Note
that the divided regions can have the same rectangular shapes
as illustrated in FIG. 25A; however, the divided regions are
not limited to these and can have a variety of shapes (e.g., the
shape or size varies depending on images). After that, in each
divided region, data is compared to the image data in the
previous frame (here, the image data of the image 5121) that
is stored in the data storage means, so that a region where the
image data is similar to each other is searched. The example
of FIG. 25A illustrates that the image 5121 is searched for a
region where data is similar to that of a region 5124 in the
image 5122, and a region 5126 is found. Note that a search
range is preferably limited when the image 5121 is searched.
In the example of FIG. 25A, a region 5125 which is approxi-
mately four times larger than the region 5124 is set as the
search range. By making the search range larger than this,
detection accuracy can be increased even in a moving image
with high-speed motion. Note that search in an excessively
wide range needs an enormous amount of time, which makes
it difficult to realize detection of motion. Thus, the region
5125 has preferably approximately two to six times larger
than the area of the region 5124. After that, a difference of the
position between the searched region 5126 and the region
5124 in the image 5122 is obtained as a motion vector 5127.
The motion vector 5127 represents motion of image data in
the region 5124 in one frame period. Then, in order to gener-
ate an image illustrating the intermediate state of motion, an
image generation vector 5128 obtained by changing the size
of'the motion vector without a change in the direction thereof
is generated, and image data included in the region 5126 of
the image 5121 is moved in accordance with the image gen-
eration vector 5128, so that image data in a region 5129 of the
image 5123 is generated. By performing a series of process-
ings on the entire region of the image 5122, the image 5123 is
generated. Then, by sequentially displaying the input image
5121, the generated image 5123, and the input image 5122,
moving images can be interpolated. Note that the position of
an object 5130 in the image is different (i.e., the object is
moved) between the images 5121 and 5122. In the generated
image 5123, the object is located at the midpoint between the
images 5121 and 5122. By displaying such images, motion of
moving images can be made smooth, and blur of moving
images due to afterimages or the like can be reduced.

[0242] Note that the size of the image generation vector
5128 can be determined in accordance with the display timing
of the image 5123. In the example of FIG. 25A, the display
timing of the image 5123 is the midpoint (¥2) between the
display timings of the images 5121 and 5122; thus, the size of
the image generation vector 5128 is half the size of the motion
vector 5127. Alternatively, for example, when the display
timing is ¥4 between the display timings of the images 5121
and 5122, the size of the image generation vector 5128 can be
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Y5, and when the display timing is %3 between the display
timings of the images 5121 and 5122, the size can be %5.

[0243] Note that in the case where anew image is generated
by moving a plurality of regions having different motion
vectors in this manner, a portion where one region has already
been moved to a region that is a destination for another region
or a portion to which any region is not moved is generated in
some cases (i.e., overlap or blank occurs in some cases). For
such portions, data can be compensated. As a method for
compensating an overlap portion, a method by which overlap
data is averaged; a method by which data is arranged in order
of priority according to the direction of motion vectors or the
like, and high-priority data is used as data in a generation
image; or a method by which one of color and brightness is
arranged in order of priority and the other thereof is averaged
can be used, for example. As a method for compensating a
blank portion, a method by which image data of the portion of
the image 5121 or the image 5122 is used as data in a gen-
eration image without modification, a method by which
image data ofthe portion of the image 5121 or the image 5122
is averaged, or the like can be used. Then, the generated image
5123 is displayed in accordance with the size of the image
generation vector 5128, so that motion of moving images can
be made smooth, and the decrease in quality of moving
images because of afterimages or the like due to hold driving
can be suppressed.

[0244] In another example of the method for interpolating
moving images in this embodiment, as illustrated in FIG.
25B, when a generation image which is generated on the basis
of two input images which are temporally adjacent is dis-
played in a period after one image is displayed until the other
image is displayed, each display image is divided into a
plurality of subimages to be displayed. Thus, moving images
can be interpolated. This case can have advantages of display-
ing a dark image at regular intervals (advantages when a
display method is made closer to impulsive display) in addi-
tion to advantages of a shorter image display cycle. That is,
blur of moving images due to afterimages or the like can be
further reduced as compared to the case where the length of
the image display cycle is just made to half the length of the
image input cycle. In the example of FIG. 25B, “input” and
“generation” can be similar to the processings in the example
of FIG. 25A,; therefore, description thereof is omitted. For
“display” in the example of FIG. 25B, one input image and/or
one generation image can be divided into a plurality of sub-
images to be displayed. Specifically, as illustrated in FIG.
25B, the image 5121 is divided into subimages 5121a and
51215 and the subimages 5121a and 51215 are sequentially
displayed so as to make human eyes perceive that the image
5121 is displayed; the image 5123 is divided into subimages
5123a and 51235 and the subimages 5123a and 51235 are
sequentially displayed so as to make human eyes perceive that
the image 5123 is displayed; and the image 5122 is divided
into subimages 5122a and 51225 and the subimages 5122a
and 51224 are sequentially displayed so as to make human
eyes perceive that the image 5122 is displayed. That is, the
display method can be made closer to impulsive display while
the image perceived by human eyes is similar to that in the
example of FIG. 25A, so that blur of moving images due to
afterimages or the like can be further reduced. Note that the
number of division of subimages is two in FIG. 25B; however,
the number of division of subimages is not limited to this and
can be other numbers. Note that subimages are displayed at
regular intervals (¥2) in FIG. 25B; however, timing of dis-
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playing subimages is not limited to this and can be a variety of
timings. For example, when timing of displaying dark sub-
images 51215,5122b, and 51235 is made earlier (specifically,
timing at %4 to %), the display method can be made much
closer to impulsive display, so that blur of moving images due
to afterimages or the like can be further reduced. Alterna-
tively, when the timing of displaying dark subimages is
delayed (specifically, timing at /% to ¥%4), the length of a period
for displaying a bright image can be increased, so that display
efficiency can be increased and power consumption can be
reduced.

[0245] Another example of the method for interpolating
moving images in this embodiment is an example in which
the shape of an object which is moved in an image is detected
and different processings are performed depending on the
shape of the moving object. FIG. 25C illustrates display tim-
ing as in the example of FIG. 25B and the case where moving
characters (also referred to as scrolling texts, subtitles, cap-
tions, or the like) are displayed. Note that since terms “input”
and “generation” may be similar to those in FIG. 25B, they
are not illustrated in FIG. 25C. The amount of blur of moving
images by hold driving varies depending on properties of a
moving object in some cases. In particular, blur is recognized
remarkably when characters are moved in many cases. This is
because eyes track moving characters to read the characters,
so that hold blur easily occur. Further, since characters have
clear outlines in many cases, blur due to hold blur is further
emphasized in some cases. That is, determining whether an
object which is moved in an image is a character and perform-
ing special processing when the object is the character are
effective in reducing hold blur. Specifically, when edge detec-
tion, pattern detection, and/or the like are/is performed on an
object which is moved in an image and the object is deter-
mined to be a character, motion compensation is performed
even on subimages generated by division of one image so that
anintermediate state of motion is displayed. Thus, motion can
be made smooth. In the case where the object is determined
not to be a character, when subimages are generated by divi-
sion of one image as illustrated in FIG. 25B, the subimages
can be displayed without a change in the position of the
moving object. The example of FIG. 25C illustrates the case
where a region 5131 determined to be characters is moved
upward, and the position of the region 5131 is different
between the subimages 5121a and 512154. Similarly, the posi-
tion of the region 5131 is different between the subimages
51234 and 51235, and between the subimages 5122a and
512254. Thus, motion of characters for which hold blur is
particularly easily recognized can be made smoother than that
by normal motion compensation frame rate doubling, so that
blur of moving images due to afterimages or the like can be
further reduced.

Embodiment 7

[0246] In this embodiment, examples of electronic devices
are described. FIGS. 26A to 26H and FIGS. 27A to 27D
illustrate electronic devices. These electronic devices can
include a housing 5000, a display portion 5001, a speaker
5003, an LED lamp 5004, operation keys 5005 (including a
power switch or an operation switch), a connection terminal
5006, a sensor 5007 (a sensor having a function of measuring
force, displacement, position, speed, acceleration, angular
velocity, rotational frequency, distance, light, liquid, magne-
tism, temperature, chemical substance, sound, time, hard-
ness, electric field, current, voltage, electric power, radiation,
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flow rate, humidity, gradient, oscillation, smell, or infrared
ray), a microphone 5008, and the like.

[0247] FIG. 26A illustrates a mobile computer, which can
include a switch 5009, an infrared port 5010, and the like in
addition to the above objects. FIG. 26B illustrates a portable
image regenerating device provided with a memory medium
(e.g., a DVD regenerating device), which can include a sec-
ond display portion 5002, a memory medium reading portion
5011, and the like in addition to the above objects. FIG. 26C
illustrates a goggle-type display, which can include the sec-
ond display portion 5002, a support portion 5012, an ear-
phone 5013, and the like in addition to the above objects. FIG.
26D illustrates a portable game machine, which can include
the memory medium reading portion 5011 and the like in
addition to the above objects. FIG. 26E illustrates a projector,
which can include a light source 5033, a projector lens 5034,
and the like in addition to the above objects. FIG. 26F illus-
trates a portable game machine, which can include the second
display portion 5002, the memory medium reading portion
5011, and the like in addition to the above objects. FIG. 26G
illustrates a television receiver, which can include a tuner, an
image processing portion, and the like in addition to the above
objects. FIG. 26H illustrates a portable television receiver,
which can include a charger 5017 capable of transmitting and
receiving signals and the like in addition to the above objects.
FIG. 27A illustrates a display, which can include a support
base 5018 and the like in addition to the above objects. FIG.
278 illustrates a camera, which can include an external con-
necting port 5019, a shutter button 5015, an image receiving
portion 5016, and the like in addition to the above objects.
FIG. 27C illustrates a computer, which can include a pointing
device 5020, the external connecting port 5019, a reader/
writer 5021, and the like in addition to the above objects. FIG.
27D illustrates a cellular phone, which can include an
antenna, a tuner of one-segment (1 seg digital TV broadcasts)
partial reception service for cellular phones and mobile ter-
minals, and the like in addition to the above objects.

[0248] The electronic devices illustrated in FIGS. 26A to
26H and FIGS. 27A to 27D can have a variety of functions,
for example, a function of displaying a lot of information
(e.g., a still image, a moving image, and a text image) on a
display portion; a touch panel function; a function of display-
ing a calendar, date, time, and the like; a function of control-
ling processing with a lot of software (programs); a wireless
communication function; a function of being connected to a
variety of computer networks with a wireless communication
function; a function of transmitting and receiving a lot of data
with a wireless communication function; a function of read-
ing a program or data stored in a memory medium and dis-
playing the program or data on a display portion. Further, the
electronic device including a plurality of display portions can
have a function of displaying image information mainly on
one display portion while displaying text information on
another display portion, a function of displaying a three-
dimensional image by displaying images where parallax is
considered on a plurality of display portions, or the like.
Furthermore, the electronic device including an image receiv-
ing portion can have a function of photographing a still image,
a function of photographing a moving image, a function of
automatically or manually correcting a photographed image,
a function of storing a photographed image in a memory
medium (an external memory medium or a memory medium
incorporated in the camera), a function of displaying a pho-
tographed image on the display portion, or the like. Note that



US 2011/0285930 Al

functions which can be provided for the electronic devices
illustrated in FIGS. 26A to 26H and FIGS. 27A to 27D are not
limited these, and the electronic devices can have a variety of
functions.

[0249] The electronic devices described in this embodi-
ment each include a display portion for displaying some kind
of information. When a circuit is formed using a transistor
including an oxide semiconductor whose off-state current is
low in such an electronic device, entry of unnecessary leakage
current can be prevented. Thus, malfunctions of the circuit are
reduced. Consequently, images can be displayed accurately.
[0250] A thin film transistor including an intrinsic (i-type)
oxide semiconductor layer as an active layer is particularly
preferable because the off-state current of the thin film tran-
sistor is low. As a method for making an oxide semiconductor
layer intrinsic (i-type), dehydration or dehydrogenation is
effective.

[0251] Next, application examples of semiconductor
devices are described.

[0252] FIG. 27E illustrates an example in which a semicon-
ductor device is incorporated in a building structure. FIG. 27E
illustrates a housing 5022, a display portion 5023, a remote
control 5024 that is an operation portion, a speaker 5025, and
the like. The semiconductor device is incorporated in the
building structure as a wall-hanging type and can be provided
without requiring a large space.

[0253] FIG. 27F illustrates another example in which a
semiconductor device is incorporated in a building structure.
A display panel 5026 is incorporated in a prefabricated bath
unit 5027, so that a bather can view the display panel 5026.
[0254] Note that although this embodiment describes the
wall and the prefabricated bath as examples of the building
structures, this embodiment is not limited to these. The semi-
conductor devices can be provided in a variety of building
structures.

[0255] Next, examples in which semiconductor devices are
incorporated in moving objects are described.

[0256] FIG. 27G illustrates an example in which a semi-
conductor device is incorporated in a car. A display panel
5028 is incorporated in a car body 5029 of the car and can
display information on the operation of the car or information
input from inside or outside of the car on demand. Note that
the display panel 5028 may have a navigation function.
[0257] FIG. 27H illustrates an example in which a semi-
conductor device is incorporated in a passenger airplane. FIG.
27H illustrates a usage pattern when a display panel 5031 is
provided for a ceiling 5030 above a seat of the passenger
airplane. The display panel 5031 is incorporated in the ceiling
5030 through a hinge portion 5032, and a passenger can view
the display panel 5031 by stretching of the hinge portion
5032. The display panel 5031 has a function of displaying
information by the operation of the passenger.

[0258] Note that although bodies of a car and an airplane
are illustrated as examples of moving objects in this embodi-
ment, this embodiment is not limited to these. The semicon-
ductor devices can be provided for a variety of objects such as
two-wheeled vehicles, four-wheeled vehicles (including cars,
buses, and the like), trains (including monorails, railroads,
and the like), and vessels.

[0259] The off-state current of a transistor including an
oxide semiconductor is low; thus, defects caused by off-state
current can be reduced when a semiconductor device or the
like including an oxide semiconductor is used. Thus, images
can be displayed more accurately.
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[0260] A thin film transistor including an intrinsic (i-type)
oxide semiconductor layer as an active layer is particularly
preferable because the off-state current of the thin film tran-
sistor is low. As a method for making an oxide semiconductor
layer intrinsic (i-type), dehydration or dehydrogenation is
effective.

[0261] This application is based on Japanese Patent Appli-
cation serial No. 2010-117300 filed with Japan Patent Office
on May 21, 2010, the entire contents of which are hereby
incorporated by reference.

What is claimed is:

1. A liquid crystal display device comprising:

apixel including a first transistor, a second transistor, a first

liquid crystal element, and a second liquid crystal ele-
ment,

wherein a first terminal of the first transistor is electrically

connected to a first wiring,

wherein a second terminal of the first transistor is electri-

cally connected to the first liquid crystal element,
wherein a gate of the first transistor is electrically con-
nected to a second wiring,

wherein a first terminal of the second transistor is electri-

cally connected to the first wiring,

wherein a second terminal of the second transistor is elec-

trically connected to the second liquid crystal element,
wherein a gate of the second transistor is electrically con-
nected to a third wiring, and

wherein the first transistor and the second transistor

include a channel region including an oxide semicon-
ductor.

2. An electronic device comprising the liquid crystal dis-
play device according to claim 1 and an operation switch.

3. The liquid crystal display device according to claim 1,
wherein the oxide semiconductor is an In—Ga—Zn—O-
based oxide semiconductor.

4. A liquid crystal display device comprising:

apixel including a first transistor, a second transistor, a first

liquid crystal element, and a second liquid crystal ele-
ment,

wherein a first terminal of the first transistor is electrically

connected to a first wiring,

wherein a second terminal of the first transistor is electri-

cally connected to the first liquid crystal element,
wherein a gate of the first transistor is electrically con-
nected to a second wiring,

wherein a first terminal of the second transistor is electri-

cally connected to a third wiring,

wherein a second terminal of the second transistor is elec-

trically connected to the second liquid crystal element,
wherein a gate of the second transistor is electrically con-
nected to the second wiring, and

wherein the first transistor and the second transistor

include a channel region including an oxide semicon-
ductor.

5. An electronic device comprising the liquid crystal dis-
play device according to claim 4 and an operation switch.

6. The liquid crystal display device according to claim 4,
wherein the oxide semiconductor is an In—Ga—Zn—O-
based oxide semiconductor.

7. A liquid crystal display device comprising:

apixel including a first transistor, a second transistor, a first

liquid crystal element, and a second liquid crystal ele-
ment,
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wherein a first terminal of the first transistor is electrically

connected to a first wiring,

wherein a second terminal of the first transistor is electri-

cally connected to the first liquid crystal element,
wherein a gate of the first transistor is electrically con-
nected to a second wiring,

wherein a first terminal of the second transistor is electri-

cally connected to the first wiring,

wherein a second terminal of the second transistor is elec-

trically connected to the second liquid crystal element,
wherein a gate of the second transistor is electrically con-
nected to the second wiring, and

wherein the first transistor and the second transistor

include a channel region including an oxide semicon-
ductor.

8. An electronic device comprising the liquid crystal dis-
play device according to claim 7 and an operation switch.

9. The liquid crystal display device according to claim 7,
wherein the oxide semiconductor is an In—Ga—Zn—O-
based oxide semiconductor.

10. A liquid crystal display device comprising:

a pixel including a transistor, a first liquid crystal element,

a second liquid crystal element, and a capacitor,
wherein a first terminal of the transistor is electrically
connected to a first wiring,

wherein a second terminal of the transistor is electrically

connected to the first liquid crystal element,

wherein a gate of the transistor is electrically connected to

a second wiring,

wherein a first terminal of the capacitor is electrically con-

nected to the first liquid crystal element,

wherein a second terminal of the capacitor is electrically

connected to the second liquid crystal element, and
wherein the transistor includes a channel region including
an oxide semiconductor.
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11. An electronic device comprising the liquid crystal dis-
play device according to claim 10 and an operation switch.
12. The liquid crystal display device according to claim 10,
wherein the oxide semiconductor is an In—Ga—Zn—O-
based oxide semiconductor.
13. A liquid crystal display device comprising:
apixel including a first transistor, a second transistor, a first
liquid crystal element, a second liquid crystal element,
and a capacitor,
wherein a first terminal of'the first transistor is electrically
connected to a first wiring;
wherein a second terminal of the first transistor is electri-
cally connected to the first liquid crystal element,
wherein a gate of the first transistor is electrically con-
nected to a second wiring,
wherein a first terminal of the second transistor is electri-
cally connected to one of the first wiring and the second
terminal of the first transistor,
wherein a second terminal of the second transistor is elec-
trically connected to the second liquid crystal element,
wherein a gate of the second transistor is electrically con-
nected to the second wiring,
wherein a first terminal of the capacitor is electrically con-
nected to the first liquid crystal element,
wherein a second terminal of the capacitor is electrically
connected to the second liquid crystal element, and
wherein the first transistor and the second transistor
include a channel region including an oxide semicon-
ductor.
14. An electronic device comprising the liquid crystal dis-
play device according to claim 13 and an operation switch.
15. The liquid crystal display device according to claim 13,
wherein the oxide semiconductor is an In—Ga—Zn—O-
based oxide semiconductor.
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