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7) ABSTRACT

The liquid crystal display device includes a first substrate, a
second substrate, and a liquid crystal layer between the first
substrate and the second substrate. The first substrate
includes a transistor including an oxide semiconductor film
including a channel formation region; a pixel electrode
electrically connected to the transistor; an insulating layer in
contact with the pixel electrode; and a first common elec-
trode in contact with the insulating layer. The second sub-
strate faces the first substrate and includes a second common
electrode. A negative liquid crystal material is used for the
liquid crystal layer. The specific resistivity of the liquid
crystal material is greater than or equal to 1.0x10"* Q-cm
and less than or equal to 1.0x10'® Q-cm.
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1
LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to, for example, a semicon-
ductor device, a display device, a light-emitting device, a
driving method thereof, or a manufacturing method thereof.
In particular, the present invention relates to, for example, an
active matrix liquid crystal display device.

2. Description of the Related Art

With the recent rapid spread of portable information
terminals such as smartphones, improvement in their per-
formance has progressed rapidly. Their screens have been
increased in size and resolution. In addition to improvement
in the resolution of a screen, emphasis has been put on power
consumption of a display device. A typical example of the
display device is a liquid crystal display device using liquid
crystal elements.

Examples of display modes for the liquid crystal display
device include a vertical alignment (VA) mode in which
liquid crystal molecules with negative dielectric constant
anisotropy are aligned vertical to a substrate surface; an
in-plane switching (IPS) mode and a fringe field switching
(FFS) mode in which liquid crystal molecules with positive
or negative dielectric constant anisotropy are aligned hori-
zontal to a substrate surface and a horizontal electric field is
applied to a liquid crystal layer.

For example, as an FFS-mode liquid crystal display
device, a display device having high-speed response and
wide viewing angle is disclosed (see Patent Document 1).
The display device includes a first substrate with a first
common electrode layer; liquid crystal between the first
substrate and a second substrate; and a means for generating
an electric field between the first common electrode layer on
the first substrate and both a pixel electrode layer and a
second common electrode layer on the second substrate so
that the display device provides high-speed responses to
high input data rates and allows for wide viewing angles for
viewers.

Furthermore, as an FFS-mode liquid crystal display
device, a liquid crystal display device capable of high-speed
response by driving liquid crystal with two pairs of elec-
trodes is disclosed (see Patent Document 2).

REFERENCE
Patent Document

[Patent Document 1] Japanese Translation of PCT Interna-
tional Application No. 2006-523850

[Patent Document 2] International Publication WO 2013/
001979

SUMMARY OF THE INVENTION

For wide viewing angle and high-speed response, the
liquid crystal drive device disclosed in Patent Document 1
uses three electrodes to control liquid crystal molecules.
However, even when high-speed response can be achieved,
the three electrodes need to be driven separately, which
increases the power consumption of the display device.

In the liquid crystal drive device disclosed in Patent
Document 2, two pairs of electrodes, that is, four electrodes
are used to drive liquid crystal and at least four power supply
lines are needed; thus, there is a problem in that the number
of power supply lines is increased. The increase in the
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2

number of power supply lines complicates a method for
driving or controlling voltage applied to the liquid crystal
and increases power consumption.

In view of the above technical background, an object of
one embodiment of the present invention is to provide a
liquid crystal display device with low power consumption.
Another object of one embodiment of the present invention
is to provide a liquid crystal display device in which change
in transmittance is reduced. Another object of one embodi-
ment of the present invention is to provide a liquid crystal
display device in which change in display luminance is
reduced. Another object of one embodiment of the present
invention is to provide a liquid crystal display device in
which flickers of display are reduced. Another object of one
embodiment of the present invention is to provide a liquid
crystal display device capable of eye-friendly display.
Another object of one embodiment of the present invention
is to provide a liquid crystal display device that causes less
eye fatigue.

Note that the description of these objects does not disturb
the existence of other objects. 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.

In a liquid crystal display device of one embodiment of
the present invention, an insulated-gate field-effect transistor
(hereinafter, simply referred to as a transistor) with
extremely low off-state current is provided in a pixel in order
to keep display of images on a pixel portion after the writing
of image signals to the pixel portion is stopped. By using the
above transistor as an element for controlling the supply of
voltage to a liquid crystal element included in the pixel, the
voltage applied to the liquid crystal element can be held for
a long time. Thus, for example, in the case where image
signals having the same image data are repeatedly written to
the pixel portion during continuous frame periods as in the
case of displaying a still image, the displayed image can be
maintained even when the driving frequency is lowered by
temporarily stopping the writing of image signals to the
pixel portion, that is, even when the number of times of
writing of image signals in a certain period is reduced.

In the liquid crystal display device of one embodiment of
the present invention, a liquid crystal element includes a
liquid crystal layer to which an electric field is applied by
three electrodes (a pixel electrode, a first common electrode,
and a second common electrode). A negative liquid crystal
material is used for the liquid crystal layer. The specific
resistivity of the liquid crystal material is greater than or
equal to 1.0x10"* Q-cm and less than or equal to 1.0x10*¢
Q-cm. With this structure, the liquid crystal display device
causes less change in transmittance and few image flickers
perceivable by users even when the number of image signal
writing operations in a certain period is reduced.

One embodiment of the present invention can provide a
liquid crystal display device with low power consumption.
Another embodiment of the present invention can provide a
liquid crystal display device with less change in transmit-
tance.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are a circuit diagram and a cross-
sectional view illustrating a configuration of a pixel in a
liquid crystal display device of one embodiment of the
present invention.
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FIG. 2A is a graph showing transmittances with different
polarities in the case of using a positive liquid crystal
material and FI1G. 2B is a graph showing transmittances with
different polarities in the case of using a negative liquid
crystal material.

FIG. 3 is a block diagram illustrating a configuration
example of a panel of a liquid crystal display device of one
embodiment of the present invention.

FIG. 4 is a block diagram illustrating a structure of a
liquid crystal display device of one embodiment of the
present invention.

FIG. 5 is a top view illustrating a pixel in a liquid crystal
display device of one embodiment of the present invention.

FIG. 6 is a cross-sectional view illustrating a pixel in a
liquid crystal display device of one embodiment of the
present invention.

FIGS. 7A to 7D are cross-sectional views illustrating a
method for manufacturing a pixel in a liquid crystal display
device of one embodiment of the present invention.

FIGS. 8A to 8D are cross-sectional views illustrating the
method for manufacturing a pixel in a liquid crystal display
device of one embodiment of the present invention.

FIG. 9A is a cross-sectional view illustrating a transistor
that can be used in a liquid crystal display device of one
embodiment of the present invention and FIG. 9B is a
diagram illustrating an energy band of an oxide semicon-
ductor.

FIG. 10 is a top view illustrating a pixel in a liquid crystal
display device of one embodiment of the present invention.

FIG. 11 is a cross-sectional view illustrating a pixel in a
liquid crystal display device of one embodiment of the
present invention.

FIGS. 12A to 12D are cross-sectional views illustrating a
method for manufacturing a pixel in a liquid crystal display
device of one embodiment of the present invention.

FIGS. 13A to 13C are cross-sectional views illustrating a
method for manufacturing a pixel in a liquid crystal display
device of one embodiment of the present invention.

FIGS. 14A to 14F illustrate electronic devices for which
a liquid crystal display device of one embodiment of the
present invention can be used.

FIGS. 15A and 15B are cross-sectional views illustrating
structures of samples of Example.

FIGS. 16A and 16B are graphs each showing the trans-
mittance of a sample of Example.

FIGS. 17A and 17B are graphs each showing the trans-
mittance of a sample of Example.

FIGS. 18A and 18B are graphs each showing the trans-
mittance of a sample of Example.

FIGS. 19A and 19B are graphs each showing the trans-
mittance of a sample of Example.

FIGS. 20A and 20B are graphs each showing the trans-
mittance of a sample of Example.

FIGS. 21A to 21C are graphs each showing the transmit-
tance of a sample of Example.

FIGS. 22A and 22B are cross-sectional views each illus-
trating a structure of a liquid crystal display device used for
calculation in Example.

FIG. 23 is a graph showing the results of calculating
transmittances of samples in Example.

DETAILED DESCRIPTION OF THE
INVENTION

Hereinafter, embodiments of the present invention will be
described in detail with reference to the accompanying
drawings. Note that the present invention is not limited to
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the following description and it is easily understood by those
skilled in the art that the mode and details can be variously
changed without departing from the scope and spirit of the
present invention. Accordingly, the present invention should
not be construed as being limited to the description of the
embodiments below.

Note that in this specification, a panel in which liquid
crystal elements are formed in respective pixels, and a
module in which an IC or the like including a driver circuit
or a controller is mounted on the panel fall into the category
of a liquid crystal display device. Further, an element
substrate corresponding to one mode before a liquid crystal
element is completed in a manufacturing process of a liquid
crystal display device falls into the category of the liquid
crystal display device of one embodiment of the present
invention.

In addition, the liquid crystal display device of one
embodiment of the present invention may include a touch
panel which is a position input device capable of detecting
a position pointed at with a finger, a stylus, or the like and
generating a signal including the positional information.

Embodiment 1

In this embodiment, a configuration example of a pixel in
a liquid crystal display device of one embodiment of the
present invention is described with reference to FIGS. 1A
and 1B.
<Configuration Example of Pixel>

FIG. 1A illustrates a configuration example of a pixel
included in the liquid crystal display device of one embodi-
ment of the present invention. A pixel 100 illustrated in FIG.
1A includes a liquid crystal element 111, a transistor 112
controlling the supply of an image signal to the liquid crystal
element 111, and a capacitor 113.

The liquid crystal element 111 includes a pixel electrode,
a first common electrode, a second common electrode, and
a liquid crystal layer which contains a liquid crystal material
and to which a voltage is applied across the pixel electrode,
the first common electrode, and the second common elec-
trode.

In the liquid crystal element 111 illustrated in FIG. 1A, a
region where voltage is applied between the pixel electrode
and the first common electrode is denoted by a liquid crystal
element 111a, a region where voltage is applied between the
pixel electrode and the second common electrode is denoted
by a liquid crystal element 1115, and a region where voltage
is applied between the first common electrode and the
second common electrode is denoted by a liquid crystal
element 111c.

FIG. 1A illustrates a fringe field switching (FFS) mode
liquid crystal element 111, in which case the pixel electrode
and the first common electrode partly overlap with each
other with an insulating film interposed therebetween. This
overlapping area serves as a capacitor for holding a voltage
V¢ applied between the pixel electrode and the first com-
mon electrode. Such a capacitor is denoted as a capacitor
113 in FIG. 1A.

The transistor 112 controls whether the potential of an
image signal input to a wiring SL is applied to the pixel
electrode of the liquid crystal element 111. A predetermined
reference potential V.., is applied to the first common
electrode of the liquid crystal element 111.

Hereinafter, the connection relationship among the liquid
crystal element 111, the transistor 112, and the capacitor 113
will be described in detail.
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Note that in this specification, the term “connection”
means electrical connection and corresponds to a state in
which a current, a voltage, or a potential can be supplied or
transmitted. Therefore, a state of being “connected” means
not only a state of direct connection but also a state of
indirect connection through a circuit element such as a
wiring, a resistor, a diode, or a transistor so that a current, a
voltage, or a potential can be supplied or transmitted.

In addition, even when different components are con-
nected to each other in a circuit diagram, there is actually a
case where one conductive film has functions of a plurality
of components, for example, a case where part of a wiring
serves as an electrode. In this specification, the term “con-
nection” also means such a case where one conductive film
has functions of a plurality of components.

The terms “source” and “drain” of a transistor interchange
with each other depending on the type of the channel of the
transistor or levels of potentials applied to the terminals. In
general, in an n-channel transistor, a terminal to which a
lower potential is applied is called a source, and a terminal
to which a higher potential is applied is called a drain. In a
p-channel transistor, a terminal to which a lower potential is
applied is called a drain, and a terminal to which a higher
potential is applied is called a source. In this specification,
the connection relation of the transistor is described in some
cases assuming that the source and the drain are fixed for
convenience; actually, the names of the source and the drain
interchange with each other depending on the relation of the
potentials.

A source of a transistor means a source region that is part
of a semiconductor film functioning as an active layer or a
source electrode that is connected to the semiconductor film.
Similarly, a drain of a transistor means a drain region that is
part of the semiconductor film or a drain electrode that is
connected to the semiconductor film. A gate means a gate
electrode.

In the pixel 100 illustrated in FIG. 1A, a gate of the
transistor 112 is electrically connected to a wiring GL. One
of a source and a drain of the transistor 112 is connected to
the wiring SL, and the other of the source and the drain of
the transistor 112 is connected to the pixel electrode of the
liquid crystal element 111. The capacitor 113 includes a pair
of electrodes: one electrode is electrically connected to the
pixel electrode of the liquid crystal element 111, and a
predetermined potential V-, 1s applied to the other elec-
trode. In the pixel 100 illustrated in FIG. 1A, the second
common electrode of the liquid crystal element 111 is
connected to a wiring CL, and V., is applied to the
wiring CL.

FIG. 1A shows an example in which one transistor 112 is
used as a switch for controlling the input of an image signal
to the pixel 100. Alternatively, the pixel 100 may include a
plurality of transistors functioning as one switch.

In one embodiment of the present invention, the transistor
112 has an extremely low off-state current, so that the
voltage applied to the liquid crystal element 111 can be held
for a long time. Thus, for example, in the case where image
signals having the same image data are written to the pixel
100 during continuous frame periods as in the case of
displaying a still image, the displayed gray scale can be
maintained even when the driving frequency is lowered, that
is, even when the number of times of writing of image
signals to the pixel 100 in a certain period is reduced. For
example, by using a highly purified oxide semiconductor for
a channel formation region of the transistor 112, the interval
between writing operations of image signals can be made
longer than or equal to 10 seconds, preferably longer than or
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equal to 30 seconds, and more preferably longer than or
equal to one minute. An increase in the interval between
writing operations of image signals results in a reduction in
power consumption.

When a semiconductor having a wider bandgap and lower
intrinsic carrier density than silicon or germanium, such as
an oxide semiconductor, is used for the transistor 112, the
withstand voltage of the transistor 112 can be increased and
the off-state current can be made extremely low. Thus, as
compared to the case where a transistor including a normal
semiconductor such as silicon or germanium is used, deg-
radation of the transistor 112 can be prevented and the
voltage held in the liquid crystal element 111 can be main-
tained.

Note that even when a small amount of charge is leaked
through the transistor 112, the electric field applied to the
liquid crystal layer might vary depending on some factors
after the writing of an image signal is completed.

One of the factors in changing the electric field applied to
the liquid crystal layer is adsorption of ionic impurities on an
alignment film. A liquid crystal material includes ionic
impurities, and when the impurities are adsorbed on the
alignment film, an electric field called residual DC is gen-
erated in some cases. The residual DC caused by the
adsorption of the impurities changes the electric field
applied to the liquid crystal layer, thereby changing the
transmittance of the liquid crystal element 111. The residual
DC increases when a direct-current voltage is applied to the
liquid crystal element for a longer time. Hence, in the case
of the driving method with a long interval between writing
operations of image signals as in one embodiment of the
present invention, the transmittance is more likely to vary
than that in the case of a normal driving method with a frame
frequency of about 60 Hz.

Another factor in changing the electric field applied to the
liquid crystal layer is a leakage current through the liquid
crystal element 111. When a voltage is applied to the liquid
crystal element 111, a small amount of leakage current flows
between the pixel electrode and the first common electrode
or between the pixel electrode and the second common
electrode through the liquid crystal layer; accordingly, the
absolute value of a voltage applied to the liquid crystal
element 111 decreases over time. Hence, in the case of the
driving method with a long interval between writing opera-
tions of image signals as in one embodiment of the present
invention, for example, the transmittance is more likely to
vary than that in the case of a normal driving method with
a frame frequency of about 60 Hz.

However, in the liquid crystal display device of one
embodiment of the present invention, a negative liquid
crystal material is used for the liquid crystal layer of the
liquid crystal element 111, and the specific resistivity of the
liquid crystal material is greater than or equal to 1.0x10"*
Q-cm and less than or equal to 1.0x10'S Q-cm, preferably
greater than or equal to 1.0x10"* ©Q-cm and less than or equal
to 1.0x10'° Q-cm. Note that the specific resistivity of the
liquid crystal material in this specification and the like is
measured at 20° C.

A negative liquid crystal material is used for the liquid
crystal layer in the liquid crystal element 111, so that change
in the transmittance of the liquid crystal element 111 can be
reduced. Furthermore, the specific resistivity of the liquid
crystal material is set within the above range, so that leakage
current flowing through the liquid crystal element 111 can be
reduced.

The transmittance of the liquid crystal element 111 varies
depending on the polarity (the positive (+) or negative (-)
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polarity) applied to the liquid crystal layer. For example, a
difference in transmittances due to different polarities in the
case of using a positive liquid crystal material for the
material of the liquid crystal layer in the liquid crystal
element 111 might be different from a difference in trans-
mittances due to different polarities in the case of using a
negative liquid crystal material. Here, the difference in
transmittances depending on the polarity is described with
reference to FIGS. 2A and 2B. Note that the positive liquid
crystal material is a liquid crystal material with a positive
dielectric anisotropy and the negative liquid crystal material
is a liquid crystal material with a negative dielectric anisot-
ropy.

FIG. 2A shows transmittance-voltage characteristics in
the case of using a positive liquid crystal material (MLC-
7030 produced by Merck) and FIG. 2B shows transmittance-
voltage characteristics in the case of using a negative liquid
crystal material (MLC-3006 produced by Merck). As to the
physical properties of the positive liquid crystal material
shown in FIG. 24, the dielectric constant anisotropy Ae is
3.8 and the resistivity p is 4.9x10** Q-cm. As to the physical
properties of the negative liquid crystal material shown in
FIG. 2B, the dielectric constant anisotropy Ae is -3.0 and the
resistivity p is 1.8x10"® Q-cm. Note that in FIGS. 2A and
2B, the horizontal axis represents voltage (V); the vertical
axis represents transmittance (%); the solid line represents
transmittance in the case where the positive (+) polarity is
applied; and the dashed line represents transmittance in the
case where the negative (=) polarity is applied.

FIGS. 2A and 2B indicate that a difference in transmit-
tances depending on the polarity applied to the liquid crystal
layer is small in the case of using the negative liquid crystal
material. This is probably caused by a flexo-electric effect.
The flexo-electric effect is a phenomenon in that spontane-
ous polarization is induced by deformation. The flexo-
electric effect mainly depends on the shape of a molecule.

For example, a nematic liquid crystal exhibits spontane-
ous polarization under splay or bend deformation. To liquid
crystal molecules themselves, the polarity of an applied
voltage does not essentially make a difference, but sponta-
neous polarization tends to exhibit opposite behaviors based
on the polarities of an electric field. This probably produces
a difference in transmittances depending on the polarity. The
flexo-electric polarization P that is caused by the flexo-
electric effect is expressed by Formula (I) below.

(:71\-7)% be”d(?x/\x?)

P=e (1

Here, e represents the flexoelectric coefficient mainly
based on molecular shape, and n represents the liquid crystal
director. The polarization is expressed as a product of the
flexoelectric coeflicient and the deformation.

Accordingly, to prevent occurrence of polarization and
reduce flickers, it is preferable that the flexo-coeflicient or
the distortion of orientation be small.

The results of FIGS. 2A and 2B indicate that the distortion
of orientation caused by the flexo-electric effect can be made
small with the use of a negative liquid crystal material.

In the liquid crystal display device of one embodiment of
the present invention, driving of the liquid crystal element
111 is controlled by the pixel electrode, the first common
electrode, and the second common electrode. A method for
driving the liquid crystal element 111 is described below
with reference to FIG. 1B.

FIG. 1B is a cross-sectional view illustrating an example
of the liquid crystal element 111 in the liquid crystal display
device of one embodiment of the present invention.
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The liquid crystal element 111 includes a first common
electrode 122 over a substrate 120; an insulating layer 124
over the first common electrode 122; a pixel electrode 126
over the insulating layer 124; a liquid crystal layer 134 over
the insulating layer 124 and the pixel electrode 126; a second
common electrode 132 over the liquid crystal layer 134; and
a substrate 130 over the second common electrode 132. As
in FIG. 1B, the pixel electrode 126 is in contact with the
insulating layer 124, and the insulating layer 124 is in
contact with the first common electrode 122. Note that the
first common electrode 122, the insulating layer 124, and the
pixel electrode 126 are formed over the substrate 120, and
the second common electrode 132 is formed under the
substrate 130. That is, the liquid crystal layer 134 is sand-
wiched between the substrate 120 and the substrate 130. In
FIG. 1B, plural pixel electrodes 126 are illustrated because
openings (slits) are formed over the insulating layer 124.

In the cross-sectional view of FIG. 1B, the liquid crystal
element 111a includes the first common electrode 122, the
pixel electrode 126, and the liquid crystal layer 134. By
application of voltage between the first common electrode
122 and the pixel electrode 126, orientation of the liquid
crystal layer 134 in the liquid crystal element 111a can be
controlled. The liquid crystal element 1115 includes the
second common electrode 132, the pixel electrode 126, and
the liquid crystal layer 134. By application of voltage
between the second common electrode 132 and the pixel
electrode 126, orientation of the liquid crystal layer 134 in
the liquid crystal element 1115 can be controlled. Further-
more, orientation of the liquid crystal layer 134 in the liquid
crystal element 111¢ can be controlled by application of
voltage between the first common electrode 122 and the
second common electrode 132. The capacitor 113 illustrated
in FIG. 1A includes the first common electrode 122, the
insulating layer 124, and the pixel electrode 126. The
insulating layer 124 serves as a dielectric layer of the
capacitor 113.

In the cross-sectional view of FIG. 1B, voltage applied to
the liquid crystal layer 134 is schematically shown by
arrows.

For example, 5.5 V is applied to the pixel electrode 126;
0V, the first common electrode 122; and 0.8 V, the second
common electrode 132, so that the liquid crystal element 111
illustrated in FIG. 1B can be driven. In this case, a potential
difference between the first common electrode 122 and the
second common electrode 132 is 0.8 V; thus, an influence of
an electric field of the liquid crystal element 111¢ illustrated
in FIG. 1B is small. In contrast, a potential difference
between the first common electrode 122 and the pixel
electrode 126 is 5.5 V, and a potential difference between the
pixel electrode 126 and the second common electrode 132 is
4.7 V. Thus, the orientation of liquid crystal in the liquid
crystal layer 134 is controlled by the potential difference
between the first common electrode 122 and the pixel
electrode 126. Furthermore, the potential applied to the
second common electrode 132 can assist the first common
electrode 122 and the pixel electrode 126 to control the
orientation of the liquid crystal element 111. Therefore, it is
preferable that the first common electrode 122 and the
second common electrode 132 be connected to different
power supply lines so as to control potentials independently.

Thus, the potential difference between the first common
electrode 122 and the second common electrode 132 is
smaller than the potential difference between the first com-
mon electrode 122 and the pixel electrode 126, whereby
change in the transmittance of the liquid crystal layer 134
can be made small.
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Tt is preferable that a negative liquid crystal material with
a resistivity of greater than or equal to 1.0x10"* Q-cm and
less than or equal to 1.0x10"® Q-cm be used for the liquid
crystal layer 134 of the liquid crystal element 111.

As described above, the liquid crystal layer 134 is con-
trolled by three electrodes (the first common electrode 122,
the pixel electrode 126, and the second common electrode
132), and a negative liquid crystal material is used for the
liquid crystal layer 134, so that change in the transmittance
of the liquid crystal layer 134 can be made small and thus,
occurrence of perceivable flickers can be prevented. This is
an excellent effect that can be achieved only by one embodi-
ment of the present invention.

Moreover, in the liquid crystal display device of one
embodiment of the present invention, the voltage V., of the
liquid crystal element 111 can be held by the capacitor 113,
which results in a reduction in the area of the capacitor 113.
In other words, the perception of flicker can be prevented
while the area of the capacitor 113 is reduced. Accordingly,
high-definition pixels are achieved and the interval between
writing operations of image signals can be increased; it is
thus possible to provide an eye-friendly liquid crystal dis-
play device that gives less eye fatigue to a user.
<Configuration Example of Panel>

Next, description will be made on a configuration
example of a panel which corresponds to one embodiment of
the liquid crystal display device.

In a panel 230 illustrated in FIG. 3, a pixel portion 231
includes a plurality of pixels 100, wirings GL (wirings GL.1
to GLy, y: a natural number) for selecting the pixels 100 in
each row, and wirings SL (wirings SL1 to SLx, x: a natural
number) for supplying image signals to the selected pixels
100. A driver circuit 232 controls the input of signals to the
wirings GL, and a driver circuit 233 controls the input of
image signals to the wirings SL. Each of the plurality of
pixels 100 is connected to at least one of the wirings GL and
at least one of the wirings SL.

Note that the kinds and number of the wirings in the pixel
portion 231 can be determined by the structure, number, and
arrangement of the pixels 100. Specifically, in the pixel
portion 231 illustrated in FIG. 3, the pixels 100 are arranged
in a matrix of x columns and y rows, and the wirings SL1
to SLx and the wirings GL1 to GLy are provided in the pixel
portion 231.

In one embodiment of the present invention, since the
driver circuit 232 and the driver circuit 233 are operated
intermittently, the number of times of writing image signals
to the pixel portion 231 can be greatly reduced while the
image is continuously displayed. For example, by using a
highly purified oxide semiconductor for a channel formation
region of the transistor 112, the length of a frame period can
be made longer than or equal to 10 seconds, preferably
longer than or equal to 30 seconds, and more preferably
longer than or equal to one minute. Accordingly, the drive
frequency of the driver circuit 232 and the driver circuit 233
can be significantly reduced, leading to a reduction in the
power consumption of the liquid crystal display device.

Note that in one embodiment of the present invention, it
is possible to employ dot sequential driving in which image
signals are sequentially input from the driver circuit 233 to
the wirings SL1 to SLx, or line sequential driving in which
image signals are concurrently input from the driver circuit
233 to the wirings SL1 to SLx. Alternatively, the liquid
crystal display device of one embodiment of the present
invention may employ a driving method in which image
signals are sequentially input to every plural wirings SL.
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The selection of the wirings GL. may be performed by
either progressive scan or interlaced scan.

Note that the response time of a liquid crystal from
application of voltage to saturation of the change in trans-
mittance is generally about ten milliseconds. Thus, the slow
response of the liquid crystal tends to be perceived as a blur
of a moving image. As a countermeasure, one embodiment
of the present invention may employ overdriving in which a
voltage applied to the liquid crystal element 111 is tempo-
rarily increased so that alignment of the liquid crystal is
changed quickly. By overdriving, the response speed of the
liquid crystal can be increased, a blur of a moving image can
be prevented, and the quality of the moving image can be
improved.

Further, if the transmittance of the liquid crystal element
111 keeps changing without reaching a constant value after
the transistor 112 is turned off, the relative dielectric con-
stant of the liquid crystal also changes; accordingly, the
voltage held in the liquid crystal element 111 easily changes.
In particular, in the case where the capacitor 113 connected
to the liquid crystal element 111 has small capacitance as in
one embodiment of the present invention, the change in the
voltage held in the liquid crystal element 111 tends to occur
remarkably. However, by the overdriving, the response time
can be shortened and therefore the change in the transmit-
tance of the liquid crystal element 111 after the transistor 112
is turned off can be made small. Hence, even in the case
where the capacitor 113 connected in parallel to the liquid
crystal element 111 has small capacitance, it is possible to
prevent the change in the voltage held in the liquid crystal
element 111 after the transistor 112 is turned off.

Since a negative liquid crystal material with a resistivity
of greater than or equal to 1.0x10"> Q-cm and less than or
equal to 1.0x10'° Q-cm is used for the liquid crystal element
111, voltage held in the liquid crystal element 111 can be
prevented from varing after the transistor 112 is turned off.
<Configuration Example of Structure of Liquid Crystal
Display Device>

Next, description will be made on a configuration
example of the liquid crystal display device of one embodi-
ment of the present invention.

FIG. 4 is a block diagram illustrating an example of the
structure of the liquid crystal display device of one embodi-
ment of the present invention. A liquid crystal display device
240 illustrated in FIG. 4 includes the panel 230 provided
with the plurality of pixels 100 in the pixel portion 231, a
controller 241, and a power source circuit 247. The liquid
crystal display device 240 illustrated in FIG. 4 also includes
an input device 242, a CPU 243, an image processing circuit
244, and an image memory 245. Also in the liquid crystal
display device 240 illustrated in FIG. 4, the driver circuit
232 and the driver circuit 233 are provided in the panel 230.

Note that the controller 241 has a function of supplying
the panel 230 with various driving signals for controlling the
operation of the driver circuit 232, the driver circuit 233, or
the like. Examples of the driving signals include a start pulse
signal for controlling the operation of the driver circuit 233,
a clock signal for the driver circuit 233, a start pulse signal
for controlling the operation of the driver circuit 232, and a
clock signal for the driver circuit 232.

The input device 242 has a function of applying data or an
instruction to the CPU 243 included in the liquid crystal
display device 240. For example, an instruction to transfer
the panel 230 from an operation state to a non-operation
state, or an instruction to transfer the pixel portion 231 from
anon-operation state to an operation state can be given to the
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CPU 243 by the input device 242. As the input device 242,
a keyboard, a pointing device, a touch panel, or the like can
be used.

The CPU 243 has a function of decoding an instruction
input from the input device 242 and executing the instruc-
tion by totally controlling the operation of various circuits
included in the liquid crystal display device 240.

For example, in the case where the instruction to transfer
the pixel portion 231 from the operation state to the non-
operation state is sent from the input device 242, the CPU
243 gives an instruction to the controller 241 to stop the
supply of a power source voltage Vp from the power source
circuit 247 to the pixel portion 231, and to stop the supply
of a driving signal to the panel 230.

In the case where an instruction to transfer the pixel
portion 231 from the non-operation state to the operation
state is sent from the input device 242, the CPU 243 gives
the instruction to the controller 241 to restart the supply of
the power source voltage Vp from the power source circuit
247 to the pixel portion 231, and to restart the supply of the
driving signal to the panel 230.

The image memory 245 has a function of storing data 246
which has image data and is input to the liquid crystal
display device 240. Note that although just one image
memory 245 is provided in the liquid crystal display device
240 in FIG. 4, a plurality of image memories 245 may be
provided in the liquid crystal display device 240. For
example, in the case where a full-color image is displayed on
the pixel portion 231 with the use of three pieces of data 246
corresponding to hues such as red, blue, and green, the
image memory 245 corresponding to the data 246 of each
hue may be provided.

As the image memory 245, for example, memory circuits
such as a dynamic random access memory (DRAM) or a
static random access memory (SRAM) can be used. Alter-
natively, a video RAM (VRAM) may be used as the image
memory 245.

The image processing circuit 244 has a function of writing
and reading the data 246 to and from the image memory 245
in response to an instruction from the controller 241 and
generating an image signal from the data 246.

The power source circuit 247 has a function of supplying
the power source voltage Vp to the panel 230 and supplying
the potential V., and the potential V,,, to the pixel
100.
<Top View of Pixel>

FIG. 5 is an example of a top view of the pixel 100
illustrated in FIG. 1A. In FIG. 5, some components (e.g., a
gate insulating film) are not illustrated for clarity of the top
view of the pixel 100. FIG. 6 is a cross-sectional view taken
along the dashed-dotted line A1-A2 and the dashed-dotted
line A3-A4 in FIG. 5.

In the pixel 100 illustrated in FIG. 5 and FIG. 6, a
conductive film 304 serving as the gate of the transistor 112
and the wiring GL is provided over the substrate 302 having
an insulating surface. In addition, a first common electrode
318 serving as an electrode of the capacitor 113 and the first
common electrode is provided over the substrate 302. That
is, the potential Vo, 1s applied to the first common
electrode 318.

An insulating film 306 is provided over the substrate 302
to cover the conductive film 304. An oxide semiconductor
film 308 serving as a channel formation region of the
transistor 112 is provided over the insulating film 306 in a
region overlapping with the conductive film 304. A conduc-
tive film 310 and a conductive film 312 are formed over the
oxide semiconductor film 308. A conductive film 313

20

25

40

45

60

65

12

formed in the same step as the conductive films 310 and 312
1s provided over the insulating film 306. The conductive film
310 serves as the wiring SL and one of the source and drain
of the transistor 112. The conductive film 312 serves as the
other of the source and drain of the transistor 112. The
conductive film 313 serves as a capacitor line.

An insulating film 314 is provided over the insulating film
306, the oxide semiconductor film 308, and the conductive
films 310, 312, and 313. An insulating film 316 serving as
a planarization film is provided over the insulating film 314.
An opening 360 reaching the conductive film 312 is formed
in the insulating films 314 and 316. In addition, an opening
362 reaching the conductive film 313 is formed in the
insulating films 314 and 316.

The first common electrode 318 is provided over the
insulating film 316. The first common electrode 318 is
connected to the conductive film 313 through the opening
362. An insulating film 320 is provided over the insulating
film 316 and the first common electrode 318. A pixel
electrode 322 is provided over the insulating film 320 in a
position overlapping with the first common electrode 318.
The insulating film 320 has an opening 364 in a region
overlapping with the opening 360. The conductive film 312
and the pixel electrode 322 are connected to each other
through the openings 360 and 364. As in the top view of FIG.
5, the pixel electrode 322 has openings (slits). An alignment
film 324 is provided over the insulating film 320 and the
pixel electrode 322.

A substrate 330 is provided to face the substrate 302. A
light-blocking film 332 having a function of blocking visible
light, a color film 334 transmitting visible light within a
certain wavelength range, an insulating film 336 in contact
with the light-blocking film 332 and the color film 334, a
second common electrode 338 in contact with the insulating
film 336, and an alignment film 340 in contact with the
second common electrode 338 are provided under the sub-
strate 330. The insulating film 336 has a function of pre-
venting the shapes of the surfaces of the light-blocking film
332 and the color film 334 from affecting the planarity of the
second common electrode 338 or the alignment film 340.
Note that a structure in which the insulating film 336 is not
provided may be employed.

Between the substrate 302 and the substrate 330, a liquid
crystal layer 350 containing a liquid crystal material is
interposed between the alignment film 324 and the align-
ment film 340. The liquid crystal element 111 includes at
least the first common electrode 318, the insulating film 320,
the pixel electrode 322, the second common electrode 338,
and the liquid crystal layer 350. Note that a negative liquid
crystal material is used for the liquid crystal layer 350, and
the specific resistivity of the liquid crystal material is greater
than or equal to 1.0x10"* ©-cm and less than or equal to
1.0x10¢ Q-cm.
<Manufacturing Method>

An example of a method for manufacturing the pixel
illustrated in FIG. 6 is described with reference to FIGS. 7A
to 7D and FIGS. 8A to 8D.

As illustrated in FIG. 7A, a conductive film is formed over
the substrate 302 and processed by etching or the like,
whereby the conductive film 304 is formed. Next, the
insulating film 306 is formed over the conductive film 304,
and an oxide semiconductor film is formed over the insu-
lating film 306. The oxide semiconductor film is processed
by etching or the like into the oxide semiconductor film 308
with a separated island shape in a region overlapping with
the conductive film 304.
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The substrate 302 is preferably a substrate having heat
resistance high enough to withstand a later manufacturing
step; for example, a glass substrate, a ceramic substrate, a
quartz substrate, or a sapphire substrate.

The conductive film 304 may be formed using a single
layer or a stacked layer of a conductive film containing one
or more kinds selected from aluminum, titanjum, chromium,
cobalt, nickel, copper, vttrium, zirconium, molybdenum,
ruthenium, silver, tantalum, and tungsten. For example, the
conductive film 304 may be a conductive film in which a
copper film is stacked over a tungsten nitride film or a
single-layer tungsten film.

The insulating film 306 may be formed using a single
layer or a stacked layer of an insulating film containing one
or more kinds of aluminum oxide, magnesium oxide, silicon
oxide, silicon oxynitride, silicon nitride oxide, silicon
nitride, gallium oxide, germanium oxide, yttrium oxide,
zirconium oxide, lanthanum oxide, neodymium oxide, haf-
nium oxide, and tantalum oxide.

For example, in the case where the insulating film 306 has
a two-layer structure, a silicon nitride film and a silicon
oxide film may be used as the first layer and the second layer,
respectively. A silicon oxynitride film may be used as the
second layer instead of the silicon oxide film. A silicon
nitride oxide film may be used as the first layer instead of the
silicon nitride film.

As the silicon oxide film, a silicon oxide film with a low
defect density is preferably used. Specifically, a silicon
oxide film which has a spin density of 3x10"” spins/cm® or
less, preferably 5x10'° spins/cm’ or less corresponding to a
signal at a g-factor of 2.001 in electron spin resonance (ESR)
spectroscopy is used. As the silicon oxide film, a silicon
oxide film having excess oxygen is preferably used. As the
silicon nitride film, a silicon nitride film from which hydro-
gen and ammonia are less released is used. The amount of
released hydrogen and ammonia is preferably measured by
thermal desorption spectroscopy (TDS) analysis.

A material that can be used for the oxide semiconductor
film 308 is described in detail in Embodiment 2. When the
oxide semiconductor film used as the oxide semiconductor
film 308 contains a large amount of hydrogen, the hydrogen
and the oxide semiconductor are bonded to each other, so
that part of the hydrogen becomes donors and generates
electrons serving as carriers. As a result, the threshold
voltage of the transistor shifts in the negative direction.
Therefore, it is preferable that, after forming the oxide
semiconductor film, dehydration treatment (dehydrogena-
tion treatment) be performed to remove hydrogen or mois-
ture from the oxide semiconductor film so that the oxide
semiconductor film contains impurities as little as possible.

Note that oxygen in the oxide semiconductor film is also
reduced by the dehydration treatment (dehydrogenation
treatment) in some cases. Accordingly, it is preferable that
oxygen be added to the oxide semiconductor film to fill
oxygen vacancies increased by the dehydration treatment
(dehydrogenation treatment).

In this manner, hydrogen or moisture is removed from the
oxide semiconductor film by the dehydration treatment
(dehydrogenation treatment) and oxygen vacancies therein
are filled by the oxygen adding treatment, whereby the oxide
semiconductor film can be turned into an i-type (intrinsic)
oxide semiconductor film or a substantially i-type (intrinsic)
oxide semiconductor film which is extremely close to an
i-type oxide semiconductor film.

Next, a conductive film is formed over the insulating film
306 and the oxide semiconductor film 308 and processed by
etching or the like, whereby the conductive films 310 and
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312 in contact with the oxide semiconductor film 308 are
formed, as illustrated in FIG. 7B. The conductive film 313
is formed over the insulating film 306 in the same step as the
conductive films 310 and 312.

The conductive films 310, 312, and 313 are formed to
have a single-layer structure or a stacked-layer structure
including any of metals such as aluminum, titanium, chro-
mium, nickel, copper, yttrium, zirconium, molybdenum,
silver, tantalum, and tungsten or an alloy containing any of
these metals as its main component. As examples of the
stacked-layer structure, a two-layer structure in which a
titanium film is stacked over an aluminum film, a two-layer
structure in which a titanium film is stacked over a tungsten
film, a two-layer structure in which a copper film is formed
over a copper-magnesium-aluminum alloy film, a three-
layer structure in which a titanium film or a titanium nitride
film, an aluminum film or a copper film, and a titanium film
or a titanium nitride film are stacked in this order, and a
three-layer structure in which a molybdenum film or a
molybdenum nitride film, an aluminum film or a copper
film, and a molybdenum film or a molybdenum nitride film
are stacked in this order are given. Note that a transparent
conductive material containing indium oxide, tin oxide, or
zine oxide may be used. The conductive film can be formed
by a sputtering method, for example.

Next, as in FIG. 7C, the insulating film 314 is formed over
the insulating film 306, the oxide semiconductor film 308,
and the conductive films 310, 312, and 313.

For example, the silicon oxide film or the silicon oxyni-
tride film which is used as the insulating film 314 can be
formed under the following conditions: the substrate placed
in a treatment chamber of a plasma CVD apparatus, which
is vacuum-evacuated, is held at a temperature higher than or
equal to 180° C. and lower than or equal to 400° C.,
preferably higher than or equal to 200° C. and lower than or
equal to 370° C., the pressure in the treatment chamber is
greater than or equal to 30 Pa and less than or equal to 250
Pa, preferably greater than or equal to 40 Pa and less than or
equal to 200 Pa with introduction of a source gas into the
treatment chamber, and high-frequency power is supplied to
an electrode provided in the treatment chamber.

The source gas of the insulating film 314 is preferably a
deposition gas containing silicon and an oxidizing gas.
Typical examples of the deposition gas containing silicon
include silane, disilane, trisilane, and silane fluoride.
Examples of the oxidizing gas include oxygen, ozone,
dinitrogen monoxide, and nitrogen dioxide.

In this embodiment, the insulating film 314 has a stacked-
layer structure of a first insulating film and a second insu-
lating film. For example, as the first insulating film, a
50-nm-thick silicon oxynitride film is formed by a plasma
CVD method under the following conditions: silane with a
flow rate of 20 sccm and dinitrogen monoxide with a flow
rate of 3000 sccm are used as the source gases, the pressure
in the treatment chamber is 40 Pa, the substrate temperature
is 220° C., and a high-frequency power of 100 W is supplied
to parallel plate electrodes with a high-frequency power
supply of 27.12 MHz. Note that a plasma CVD apparatus is
a parallel plate plasma CVD apparatus in which the elec-
trode area is 6000 cm®, and power per unit area (power
density) into which supplied power is converted is 1.6x107>
W/em®. Under the above conditions, a silicon oxynitride
film that passes oxygen can be formed.

As the second insulating film, a silicon oxide film or a
silicon oxynitride film is formed under the following con-
ditions: the substrate placed in a treatment chamber of the
plasma CVD apparatus that is vacuum-evacuated is held at
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a temperature higher than or equal to 180° C. and lower than
or equal to 260° C., preferably higher than or equal to 180°
C. and lower than or equal to 230° C., the pressure is greater
than or equal to 100 Pa and less than or equal to 250 Pa,
preferably greater than or equal to 100 Pa and less than or
equal to 200 Pa with introduction of a source gas into the
treatment chamber, and a high-frequency power of 0.17
W/em? to 0.5 W/em?, preferably 0.25 W/em? to 0.35 W/em?
is supplied to an electrode provided in the treatment cham-
ber.

As the deposition conditions of the second insulating film,
the high-frequency power having the power density is
supplied to the electrode in the treatment chamber having
the pressure, so that the degradation efficiency of the source
gas in plasma is increased, oxygen radicals are increased,
and oxidation of the source gas is promoted. Thus, the
oxygen content in the second insulating film becomes higher
than that in the stoichiometric composition. However, in the
case where the substrate temperature is within the above
temperature range, the bond between silicon and oxygen is
weak; thus, part of oxygen is released by heating. Accord-
ingly, it is possible to form an oxide insulating film which
contains oxygen at a higher proportion than the stoichio-
metric composition and from which part of oxygen is
released by heating.

In this embodiment, as the second insulating film, a
400-nm-thick silicon oxynitride film is formed by a plasma
CVD method under the following conditions: silane with a
flow rate of 160 sccm and dinitrogen monoxide with a flow
rate of 4000 sccm are used as the source gases, the pressure
in the treatment chamber is 200 Pa, the substrate temperature
is 220° C., and a high-frequency power of 1500 W is
supplied to parallel plate electrodes with a high-frequency
power supply of 27.12 MHz. Note that a plasma CVD
apparatus is a parallel plate plasma CVD apparatus in which
the electrode area is 6000 cm® and power per unit area
(power density) into which supplied power is converted is
2.5%107" W/em®.

It is preferable that heat treatment be performed at least
after the formation of the insulating film 314 so that oxygen
contained in the insulating film 314 enters the oxide semi-
conductor film 308 to fill oxygen vacancies in the oxide
semiconductor film 308.

Next, as in FIG. 7D, a desired region in the insulating film
314 is processed, whereby the opening 360 reaching the
conductive film 312 and the opening 362 reaching the
conductive film 313 are formed.

The openings 360 and 362 are formed, for example, by a
dry etching method or a wet etching method. Alternatively,
the openings 360 and 362 may be formed by a combination
of a dry etching method and a wet etching method.

Next, as in FIG. 8A, the insulating film 316 having an
opening is formed. The insulating film 316 has openings in
positions corresponding to the openings 360 and 362. The
insulating film 316 which serves as a base film for the first
common electrode 318 has a function of preventing a
transistor, a conductive film, or the like from forming
unevenness on the first common electrode 318. That is, the
insulating film 316 has a function as a planarization film. For
the insulating film 316, an acrylic resin, a polyimide resin,
or the like can be used.

Next, as in FIG. 8B, the first common electrode 318 is
formed over the insulating film 316. Then, the insulating
film 320 is formed to cover the insulating film 316 and the
first common electrode 318. The first common electrode 318
is connected to the conductive film 313 through the opening
362.
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For example, a conductive film containing any of the
followings can be used as the first common electrode 318:
indium oxide containing tungsten oxide; indium zinc oxide
containing tungsten oxide; indium oxide containing titanium
oxide; indium tin oxide containing titanium oxide; indium
tin oxide; indium zinc oxide; and indium tin oxide to which
silicon oxide is added. The first common electrode 318 can
be formed by a sputtering method.

As the insulating film 320, a silicon oxide film, a silicon
oxynitride film, a silicon nitride film, a silicon nitride oxide
film, or the like can be used. In particular, a silicon nitride
film or a silicon nitride oxide film is preferably used as the
insulating film 320 because the insulating film 320 has a
function as a dielectric of a capacitor and a function as a
protection film for the transistor.

For example, a silicon nitride film, a silicon nitride oxide
film, or the like having a thickness of from 50 nm to 400 nm
can be used as the insulating film 320. In this embodiment,
a silicon nitride film having a thickness of 100 nm is used as
the insulating film 320.

The silicon nitride film is preferably formed at a high
temperature to have an improved blocking property; for
example, the silicon nitride film is preferably formed at a
temperature in the range from the substrate temperature of
100° C. to the strain point of the substrate, more preferably
at a temperature in the range from 300° C. to 400° C. Note
that in the case where the silicon nitride film is formed at a
high temperature, a phenomenon in which oxygen is
released from the oxide semiconductor film 308 and the
carrier concentration is increased is caused in some cases;
therefore, the upper limit of the temperature 1s a temperature
at which the phenomenon is not caused.

Next, as in FIG. 8C, the opening 364 is formed in the
insulating film 320. The opening 364 is formed in a position
corresponding to the opening 360 formed in the insulating
film 316. The opening 364 is formed to expose the conduc-
tive film 312. The method for forming the openings 360 and
362 can be referred to for a method for forming the opening
364.

Next, as in FIG. 8D, the pixel electrode 322 is formed
over the insulating film 320. The pixel electrode 322 is
connected to the conductive film 312 through the openings
360 and 364.

The pixel electrode 322 is formed in such a manner that
a transparent conductive film is formed over the insulating
film 320 and processed by etching or the like.

As the pixel electrode 322, a conductive film containing
the following can be used: indium oxide containing tungsten
oxide, indium zinc oxide containing tungsten oxide, indium
oxide containing titanium oxide, indium tin oxide containing
titantum oxide, indium tin oxide, indium zinc oxide, indium
tin oxide to which silicon oxide is added, or the like.

Next, an alignment film 324 (not illustrated) is formed
over the insulating film 320 and the pixel electrode 322. The
alignment film 324 can be formed by a rubbing method, an
optical alignment method, or the like.

Through the above steps, the components formed over the
substrate 302 can be formed.

Next, a method for manufacturing a structure formed
below the substrate 330 facing the substrate 302 is described
below.

First, the substrate 330 is prepared. For materials of the
substrate 330, the materials used for the substrate 302 can be
referred to. Next, the light-blocking film 332 and the color
film 334 which are in contact with the substrate 330 are
formed. The light-blocking film 332 and the color film 334
are each formed in a desired position with any of various
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materials by a printing method, an inkjet method, an etching
method using a photolithography technique, or the like.

Then, the insulating film 336 in contact with the light-
blocking film 332 and the color film 334 is formed. For the
insulating film 336, an organic insulating film of an acrylic
resin or the like can be used. With the insulating film 336,
an impurity or the like contained in the color film 334 can
be prevented from diffusing into the liquid crystal layer 350
side, for example.

The second common electrode 338 in contact with the
insulating film 336 is formed. A conductive layer that can be
used for the second common electrode 338 can be formed
using a light-transmitting conductive material such as
indium oxide containing tungsten oxide; indium zinc oxide
containing tungsten oxide; indium oxide containing titanium
oxide; indium tin oxide containing titanium oxide: indium
tin oxide (hereinafter referred to as ITO); indium zinc oxide;
or indium tin oxide to which silicon oxide is added. The
conductive layer that can be used for the second common
electrode 338 can be formed by a sputtering method, for
example.

Next, the alignment film 340 in contact with the second
common electrode 338 is formed. The method for forming
the alignment film 324 can be referred to for a method for
forming the alignment film 340.

Through the above steps, the structure formed below the
substrate 330 can be formed.

After that, the liquid crystal layer 350 is formed between
the substrate 302 and the substrate 330. The liquid crystal
layer 350 can be formed by a dispenser method (a dropping
method), or an injecting method by which liquid crystal is
injected using a capillary phenomenon after the substrate
302 and the substrate 330 are bonded to each other.

Through the above steps, the pixel illustrated in FIG. 6
can be formed.

The structures, the methods, and the like described in this
embodiment can be combined as appropriate with any of the
structures, the methods, and the like described in the other
embodiments.

Embodiment 2

In this embodiment, an oxide semiconductor film that can
be used in the liquid crystal display device of one embodi-
ment of the present invention is described.

A highly purified oxide semiconductor (a purified OS)
obtained by reduction of impurities such as moisture or
hydrogen that serve as electron donors (donors) and reduc-
tion of oxygen vacancies is an intrinsic (i-type) semicon-
ductor or a substantially intrinsic semiconductor. Thus, a
transistor including a channel formation region in a highly
purified oxide semiconductor film has extremely low off-
state current and high reliability.

Specifically, various experiments can prove low off-state
current of a transistor including a channel formation region
in a highly purified oxide semiconductor film. For example,
even when an element has a channel width of 1x10° pm and
a channel length of 10 pm, off-state current can be lower
than or equal to the measurement limit of a semiconductor
parameter analyzer, i.e., lower than or equal to 1x107"> A, at
a voltage (drain voltage) between a source electrode and a
drain electrode of 1 V to 10 V. In that case, it can be seen that
off-state current normalized on the channel width of the
transistor is lower than or equal to 100 zA/um. In addition,
a capacitor and a transistor were connected to each other and
off-state current was measured using a circuit in which
electric charge flowing to or from the capacitor is controlled
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by the transistor. In the measurement, a highly purified oxide
semiconductor film was used for the channel formation
region of the transistor, and the off-state current of the
transistor was measured from a change in the amount of
electric charge of the capacitor per unit hour. As a result, it
was found that, in the case where the voltage between the
source electrode and the drain electrode of the transistor is
3V, alower off-state current of several tens of yoctoamperes
per micrometer is obtained. Accordingly, the transistor using
the highly purified oxide semiconductor film for the channel
formation region has much lower off-state current than a
crystalline silicon transistor.

Unless otherwise specified, in the case of an n-channel
transistor, the off-state current in this specification is a
current that flows between a source and a drain when the
potential of a gate is lower than or equal to 0 with the
potential of the source as a reference potential while the
potential of the drain is higher than those of the source and
the gate. Meanwhile, in the case of a p-channel transistor, the
off-state current in this specification is a current that flows
between a source and a drain when the potential of a gate is
higher than or equal to 0 with the potential of the source as
a reference potential while the potential of the drain is lower
than those of the source and the gate.

As the semiconductor film, at least indium (In) or zinc
(Zn) 1s preferably included as an oxide semiconductor. The
oxide semiconductor preferably contains, in addition to In
and 7n, gallium (Ga) serving as a stabilizer that reduces
variations in electric characteristics among transistors using
the above-described oxide semiconductor. Tin (Sn) is pref-
erably contained as a stabilizer. Hafhium (Hf) is preferably
contained as a stabilizer. Aluminum (Al) is preferably con-
tained as a stabilizer. Zirconium (Zr) is preferably contained
as a stabilizer.

Among the oxide semiconductors, unlike silicon carbide,
gallium nitride, or gallium oxide, an In—Ga—Z7n-based
oxide, an In—Sn—Zn-based oxide, or the like has an
advantage of high mass productivity because a transistor
with favorable electric characteristics can be formed by
sputtering or a wet process. Further, unlike silicon carbide,
gallium nitride, or gallium oxide, the In—Ga—Zn-based
oxide allows a transistor with favorable electric character-
istics to be formed over a glass substrate. Further, a larger
substrate can be used.

As another stabilizer, one or plural kinds of lanthanoid
such as lanthanum (La), cerium (Ce), praseodymium (Pr),
neodymium (Nd), samarium (Sm), europium (Eu), gado-
linium (Gd), terbium (Tb), dysprosium (Dy), holmium (Ho),
erbium (Er), thulium (Tm), ytterbium (Yb), or lutetium (Lu)
may be contained.

As the oxide semiconductor, any of the following oxides
can be used, for example: indium oxide, gallium oxide, tin
oxide, zinc oxide, In—Zn-based oxide, Sn—Zn-based
oxide, Al—Zn-based oxide, Zn—Mg-based oxide, Sn—Mg-
based oxide, In—Mg-based oxide, In—Ga-based oxide,
In—Ga—7n-based oxide (also referred to as IGZ0), In—
Al—Zn-based oxide, In—Sn—7Zn-based oxide, Sn—Ga—
Zn-based oxide, Al—Ga—Zn-based oxide, Sn—Al—Zn-
based oxide, In—Hf—Zn-based oxide, In—ILa—Zn-based
oxide, In—Pr—Z7n-based oxide, In—Nd—Zn-based oxide,
In—Sm—Z7n-based oxide, In—FEu—Zn-based oxide, In—
Gd—7Zn-based oxide, In—Tb—Zn-based oxide, In—Dy—
Zn-based oxide, In—Ho—Zn-based oxide, In—FEr—~7n-
based oxide, In—Tm—Zn-based oxide, In—Yb—Zn-based
oxide, In—Lu—Z7n-based oxide, In—Sn—Ga—Zn-based
oxide, In—Hf—Ga—Zn-based oxide, In—Al—Ga—7/n-
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based oxide, In—Sn—Al—Z7n-based oxide, In—Sn—Hf—
Zn-based oxide, and In—Hf—Al—Zn-based oxide.

Note that, for example, an In—Ga—Zn-based oxide
means an oxide containing In, Ga, and Zn, and there is no
limitation on the ratio of In, Ga, and Zn. In addition, the
In—Ga—7n-based oxide may contain a metal element other
than In, Ga, and Zn. Further, the In—Ga—Zn-based oxide
may contain a metal element other than In, Ga, and Zn. The
In—Ga—7n-based oxide has sufficiently high resistance
when no electric field is applied thereto, so that off-state
current can be sufficiently reduced. Further, the In—Ga—
Zn-based oxide has high mobility.

For example, an In—Ga—7n-based oxide with an atomic
ratio of In:Ga:Zn=1:1:1, In:Ga:Zn=1:1:1.2 (=5:5:6), In:Ga:
7n=2:2:1; or In:Ga:Zn=3:1:2, or an oxide with an atomic
ratio close to the above atomic ratios can be used. Alterna-
tively, an In—Sn—Z7n-based oxide with an atomic ratio of
In:Sn:Zn=1:1:1, In:Sn:Zn=2:1:3, or In:Sn:Zn=2:1:5, or an
oxide with an atomic ratio close to the above atomic ratios
may be used.

For example, with an In—Sn—7n-based oxide, high
mobility can be realized relatively easily. However, even
with an In—Ga—7n-based oxide, mobility can be increased
by reducing the defect density in the bulk.

An oxide semiconductor film is classified roughly into a
single-crystal oxide semiconductor film and a non-single-
crystal oxide semiconductor film. The non-single-crystal
oxide semiconductor film includes any of a c-axis aligned
crystalline oxide semiconductor (CAAC-OS) film, a poly-
crystalline oxide semiconductor film, a microcrystalline
oxide semiconductor film, an amorphous oxide semiconduc-
tor film, and the like.

Here, the CAAC-OS film is described.

The CAAC-OS film is one of oxide semiconductor films
including a plurality of crystal parts, and most of the crystal
parts each fit inside a cube whose one side is less than 100
nm. Thus, there is a case where a crystal part included in the
CAAC-OS film fits inside a cube whose one side is less than
10 nm, less than 5 nm, or less than 3 nm.

In a transmission electron microscope (TEM) image of
the CAAC-OS film, a boundary between crystal parts, that
is, a grain boundary is not clearly observed. Thus, in the
CAAC-OS film, a reduction in electron mobility due to the
grain boundary is less likely to occur.

According to the TEM image of the CAAC-OS film
observed in a direction substantially parallel to a sample
surface (cross-sectional TEM image), metal atoms are
arranged in a layered manner in the crystal parts. Each metal
atom layer has a morphology reflected by a surface over
which the CAAC-OS film is formed (hereinafter, a surface
over which the CAAC-OS film is formed is referred to as a
formation surface) or a top surface of the CAAC-OS film,
and is arranged in parallel to the formation surface or the top
surface of the CAAC-OS film.

On the other hand, according to the TEM image of the
CAAC-OS film observed in a direction substantially per-
pendicular to the sample surface (plan TEM image), metal
atoms are arranged in a triangular or hexagonal configura-
tion in the crystal parts. However, there is no regularity of
arrangement of metal atoms between different crystal parts.

In this specification, the term “parallel” indicates that the
angle formed between two straight lines is greater than or
equal to —10° and less than or equal to 10°, and accordingly
also includes the case where the angle is greater than or
equal to -5° and less than or equal to 5°. In addition, the term
“perpendicular” indicates that the angle formed between two
straight lines is greater than or equal to 80° and less than or
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equal to 100°, and accordingly includes the case where the
angle is greater than or equal to 85° and less than or equal
to 95°.

From the results of the cross-sectional TEM image and the
plan TEM image, alignment is found in the crystal parts in
the CAAC-OS film.

A CAAC-OS film is subjected to structural analysis with
an X-ray diffraction (XRD) apparatus. For example, when
the CAAC-OS film including an InGaZnO, crystal is ana-
lyzed by an out-of-plane method, a peak appears frequently
when the diffraction angle (26) is around 31°. This peak is
derived from the (009) plane of the InGaZnQO, crystal, which
indicates that crystals in the CAAC-OS film have c-axis
alignment, and that the c-axes are aligned in a direction
substantially perpendicular to the formation surface or the
top surface of the CAAC-OS film.

On the other hand, when the CAAC-OS film is analyzed
by an in-plane method in which an X-ray enters a sample in
a direction substantially perpendicular to the c-axis, a peak
appears frequently when 20 is around 56°. This peak is
derived from the (110) plane of the InGaZnO, crystal. Here,
analysis (¢ scan) is performed under conditions where the
sample is rotated around a normal vector of a sample surface
as an axis (¢ axis) with 28 fixed at around 56°. In the case
where the sample is a single-crystal oxide semiconductor
film of InGaZnO,, six peaks appear. The six peaks are
derived from crystal planes equivalent to the (110) plane. On
the other hand, in the case of a CAAC-OS film, a peak is not
clearly observed even when 0 scan is performed with 26
fixed at around 56°.

According to the above results, in the CAAC-OS film
having c-axis alignment, while the directions of a-axes and
b-axes are different between crystal parts, the c-axes are
aligned in a direction parallel to a normal vector of a
formation surface or a normal vector of a top surface of the
CAAC-OS film. Thus, each metal atom layer arranged in a
layered manner observed in the cross-sectional TEM image
corresponds to a plane parallel to the a-b plane of the crystal.

Note that the crystal part is formed concurrently with
deposition of the CAAC-OS film or is formed through
crystallization treatment such as heat treatment. As
described above, the c-axis of the crystal is aligned in a
direction parallel to a normal vector of a formation surface
or a normal vector of a top surface. Thus, for example, in the
case where a shape of the CAAC-OS film is changed by
etching or the like, the c-axis might not be necessarily
parallel to a normal vector of a formation surface or a normal
vector of a top surface of the CAAC-OS film.

Further, the degree of crystallinity in the CAAC-OS film
is not necessarily uniform. For example, in the case where
crystal growth leading to the CAAC-OS film occurs from
the vicinity of the top surface of the film, the degree of the
crystallinity in the vicinity of the top surface is higher than
that in the vicinity of the formation surface in some cases.
Further, when an impurity is added to the CAAC-OS film,
the crystallinity in a region to which the impurity is added
is changed, and the degree of crystallinity in the CAAC-OS
film varies depending on regions.

Note that when the CAAC-OS film with an InGaZnQO,
crystal is analyzed by an out-of-plane method, a peak of 20
may also be observed at around 36°, in addition to the peak
of 20 at around 31°. The peak of 20 at around 36° is derived
from the (311) plane of a ZnGa,0, crystal; such a peak
indicates that a ZnGa,O, crystal is included in part of the
CAAC-OS film including the InGaZnO, crystal. It is pref-
erable that in the CAAC-OS film, a peak of 20 appears at
around 31° and a peak of 26 do not appear at around 36°.
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The CAAC-OS film is an oxide semiconductor film
having low impurity concentration. The impurity is an
element other than the main components of the oxide
semiconductor film, and examples of the impurity include
hydrogen, carbon, silicon, and a transition metal element. In
particular, an element that has higher bonding strength to
oxygen than a metal element included in the oxide semi-
conductor film, such as silicon, disturbs the atomic arrange-
ment of the oxide semiconductor film by depriving the oxide
semiconductor film of oxygen and causes a decrease in
crystallinity. Furthermore, a heavy metal such as iron or
nickel, argon, carbon dioxide, or the like has a large atomic
radius (molecular radius), and thus disturbs the atomic
arrangement of the oxide semiconductor film and causes a
decrease in crystallinity when it is contained in the oxide
semiconductor film. Note that the impurity contained in the
oxide semiconductor film might serve as a carrier trap or a
carrier generation source.

The CAAC-OS film is an oxide semiconductor film
having a low density of defect states. In some cases, oxygen
vacancies in the oxide semiconductor film serve as carrier
traps or serve as carrier generation sources when hydrogen
is captured therein.

The state in which impurity concentration is low and
density of defect states is low (the number of oxygen
vacancies is small) is referred to as a “highly purified
intrinsic” or “substantially highly purified intrinsic” state. A
highly purified intrinsic or substantially highly purified
intrinsic oxide semiconductor film has few carrier genera-
tion sources, and thus can have a low carrier density. Thus,
a transistor including the oxide semiconductor film rarely
has negative threshold voltage (is rarely normally on). The
highly purified intrinsic or substantially highly purified
intrinsic oxide semiconductor film has few carrier traps.
Accordingly, the transistor including the oxide semiconduc-
tor film has little variation in electric characteristics and high
reliability. Electric charge trapped by the carrier traps in the
oxide semiconductor film takes a long time to be released,
and might behave like fixed electric charge. Thus, the
transistor which includes the oxide semiconductor film
having high impurity concentration and a high density of
defect states has unstable electric characteristics in some
cases.

In a transistor using the CAAC-OS film, change in electric
characteristics due to irradiation with visible light or ultra-
violet light is small.

For example, the CAAC-OS film is formed by a sputter-
ing method using a polycrystalline metal oxide target. When
ions collide with the target, a crystal region included in the
target may be separated from the target along an a-b plane;
in other words, a sputtered particle having a plane parallel to
an a-b plane (flat-plate-like sputtered particle or pellet-like
sputtered particle) may flake off from the target. In that case,
the flat-plate-like or pellet-like sputtered particle reaches a
substrate in the state of maintaining its crystal state, whereby
the CAAC-OS film can be formed.

For the deposition of the CAAC-OS film, the following
conditions are preferably used.

By reducing the amount of impurities entering the CAAC-
OS film during the deposition, the crystal state can be
prevented from being broken by the impurities. For
example, the concentration of impurities (e.g., hydrogen,
water, carbon dioxide, and nitrogen) which exist in the
treatment chamber may be reduced. Furthermore, the con-
centration of impurities in a deposition gas may be reduced.
Specifically, a deposition gas whose dew point is —80° C. or
lower, preferably —100° C. or lower is used.
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By increasing the substrate heating temperature during the
deposition, migration of a sputtered particle is likely to occur
after the sputtered particle reaches a substrate surface.
Specifically, the substrate heating temperature during the
deposition is from 100° C. to 740° C., preferably from 200°
C. to 500° C. By increasing the substrate heating tempera-
ture during the deposition, when the flat-plate-like or pellet-
like sputtered particle reaches the substrate, migration
occurs on the substrate surface, so that a flat plane of the
sputtered particles is attached to the substrate.

Furthermore, it is preferable that the proportion of oxygen
in the deposition gas be increased and the power be opti-
mized in order to reduce plasma damage at the deposition.
The proportion of oxygen in the deposition gas is 30 vol %
or higher, preferably 100 vol %.

The oxide semiconductor layer may have a stacked-layer
structure.

Here, an example in which the oxide semiconductor film
308 used in the transistor 112 illustrated in FIG. 6 has a
stacked-layer structure including an oxide semiconductor
film 307 and an oxide semiconductor film 309 is described
with reference to FIGS. 9A and 9B.

FIG. 9A illustrates a cross-sectional structure in which the
oxide semiconductor film used in the transistor 112 has a
stacked-layer structure including the oxide semiconductor
film 307 and the oxide semiconductor film 309. Thus, the
other components are the same as those of the transistor 112
illustrated in FIG. 6; hence, the above description can be
referred to.

Metal oxides used for the oxide semiconductor film 307
and the oxide semiconductor film 309 preferably contain at
least one same constituent element. Alternatively, the con-
stituent elements of the oxide semiconductor film 307 may
be the same as those of the oxide semiconductor film 309
and the composition of the constituent elements of the oxide
semiconductor film 307 may be different from those of the
oxide semiconductor film 309.

In the case where the oxide semiconductor film 307 is
In-M-Zn oxide (M represents Al, Ga, Ge, Y, Zr, Sn, La, Ce,
or HY), it is preferable that the atomic ratio of metal elements
of a sputtering target used for forming a film of the In-M-Zn
oxide satisfy In=M and Zn=M. As the atomic ratio of metal
elements of the sputtering target, In:M:Zn=1:1:1, In:M:
Zn=5:5:6 (1:1:1.2), and In:M:7Zn=3:1:2 are preferable. Note
that the proportion of the atomic ratio of the oxide semi-
conductor film 307 formed using the above-described sput-
tering target varies within a range of +20% as an error.

When an In-M-Zn oxide is used for the oxide semicon-
ductor film 307, the proportions of In and M, not taking Zn
and O into consideration, is preferably as follows: the atomic
percentage of In is greater than or equal to 25 at. % and the
proportion of M is less than 75 at. %; more preferably, the
proportion of In is greater than or equal to 34 at. % and the
proportion of M is less than 66 at. %.

The energy gap of the oxide semiconductor film 307 is 2
eV or more, preferably 2.5 eV or more, further preferably 3
eV or more. The off-state current of the transistor 112 can be
reduced by using an oxide semiconductor having a wide
energy gap.

The thickness of the oxide semiconductor film 307 is
greater than or equal to 3 nm and less than or equal to 200
nm, preferably greater than or equal to 3 nm and less than
or equal to 100 nm, further preferably greater than or equal
to 3 nm and less than or equal to 50 nm.

The oxide semiconductor film 309 is typically In—Ga
oxide, In—Z7n oxide, or In-M-Zn oxide (M represents Al,
Ga, Ge, Y, Zr, Sn, La, Ce, or Hf). The energy at the
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conduction band bottom thereof is closer to a vacuum level
than that of the oxide semiconductor film 307 is, and
typically, the difference between the energy at the conduc-
tion band bottom of the oxide semiconductor film 309 and
the energy at the conduction band bottom of the oxide
semiconductor film 307 is any one of 0.05 eV or more, 0.07
eV or more, 0.1 eV or more, and 0.15 €V or more, and any
one of 2 eV or less, 1 eV or less, 0.5 eV or less, and 0.4 eV
or less. That is, the difference between the electron affinity
of the oxide semiconductor film 309 and the electron affinity
of the oxide semiconductor film 307 is greater than or equal
to 0.05 eV, greater than or equal to 0.07 eV, greater than or
equal to 0.1 €V, or greater than or equal to 0.15 eV and also
less than or equal to 2 eV, less than or equal to 1 eV, less than
or equal to 0.5 eV, or less than or equal to 0.4 eV.

When the oxide semiconductor film 309 contains a larger
amount of the element M in an atomic ratio than the amount
of In in an atomic ratio, any of the following effects may be
obtained: (1) the energy gap of the oxide semiconductor film
309 is widened; (2) the electron affinity of the oxide semi-
conductor film 309 decreases; (3) an impurity from the
outside is blocked; (4) an insulating property increases as
compared to the oxide semiconductor film 307. Further,
oxygen vacancies are less likely to be generated in the oxide
semiconductor film 309 containing a larger amount of M in
an atomic ratio than the amount of In in an atomic ratio
because M is a metal element which is strongly bonded to
oxygen.

When an In-M-Zn oxide is used for the oxide semicon-
ductor film 309, the proportions of In and M, not taking Zn
and O into consideration, is preferably as follows: the atomic
percentage of In is less than 50 at. % and the atomic
percentage of M is greater than or equal to 50 at. %; further
preferably, the atomic percentage of In is less than 25 at. %
and the atomic percentage of M is greater than or equal to
75 at. %.

Further, in the case where each of the oxide semiconduc-
tor film 307 and the oxide semiconductor film 309 is
In-M-Zn oxide (M represents Al, Ga, Ge, Y, Zr, Sn, La, Ce,
or Hf), the proportion of M atoms in the oxide semiconduc-
tor film 309 is higher than the proportion of M atoms in the
oxide semiconductor film 307. Typically, the proportion of
M atoms in the oxide semiconductor layer 309 is higher than
or equal to 1.5 times, preferably higher than or equal to 2
times, further preferably higher than or equal to 3 times as
large as that in the oxide semiconductor film 307.

In the case where the oxide semiconductor film 309 has an
atomic ratio of In to M and Zn which is x,:y,:z, and the
oxide semiconductor film 307 has an atomic ratio of In to M
and Zn which is X,:y,:7Z,, y,/X, is larger than y,/x,, prefer-
ably y,/x, is 1.5 times or more as large as y,/X,. It is further
preferable that y,/x; be twice or more as large as y,/x,. It is
still further preferable that y,/x; be three or more times as
large as y,/x,. In this case, it is preferable that in the oxide
semiconductor film, y, be higher than or equal to x, because
the transistor 102 including the oxide semiconductor film
can have stable electric characteristics. However, when y, is
larger than or equal to three or more times X,, the field-effect
mobility of the transistor 102 including the oxide semicon-
ductor film is reduced. Thus, it is preferable that y, be lower
than three times X,.

Further, in the case where the oxide semiconductor film
309 is an In-M-Zn oxide film, the atomic ratio of metal
elements of a sputtering target used for forming the In-M-Zn
oxide preferably satisfies M>In, and more preferably, Zn
also satisfies Zn=M. As the atomic ratio of metal elements
of the sputtering target, In:Ga:Zn=1:3:2, In:Ga:Zn=1:3:3,
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In:Ga:Zn=1:3:4, In:Ga:Zn=1:3:5, In:Ga:Zn=1:3:6, In:Ga:
Zn=1:3:7, In:Ga:Zn=1:3:8, In:Ga:Zn=1:3:9, In:Ga:Zn=1:3:
10, In:Ga:Zn=1:6:4, In:Ga:Zn=1:6:5, In:Ga:Zn=1:6:6,
In:Ga:Zn=1:6:7, In:Ga:Zn=1:6:8, In:Ga:Zn=1:6:9, and
In:Ga:Zn=1:6:10 are preferable. Note that the proportion of
each metal element in the atomic ratio of each of the oxide
semiconductor film 307 and the oxide semiconductor film
309 formed using the above-described sputtering target
varies within a range of +20% as an error.

Note that, without limitation to the compositions and
materials described above, a material with an appropriate
composition may be used depending on required semicon-
ductor characteristics and electrical characteristics (e.g.,
field-effect mobility and threshold voltage) of a transistor.
Further, in order to obtain the required semiconductor char-
acteristics of the transistor, it is preferable that the carrier
density, the impurity concentration, the defect density, the
atomic ratio of a metal element to oxygen, the interatomic
distance, the density, and the like of the oxide semiconductor
film 307 be set to appropriate values.

Note that the oxide semiconductor film 309 also functions
as a film which relieves damage to the oxide semiconductor
film 307 at the time of forming the insulating film 314 later.
The thickness of the oxide semiconductor film 309 is greater
than or equal to 3 nm and less than or equal to 100 nm,
preferably greater than or equal to 3 nm and less than or
equal to 50 nm.

When silicon or carbon which is one of elements belong-
ing to Group 14 is contained in the oxide semiconductor film
307 in the transistor 112, the number of oxygen vacancies is
increased, and the oxide semiconductor film 307 is changed
to an n-type. Thus, the concentration of silicon or carbon
(the concentration is measured by SIMS) in the oxide
semiconductor film 307 or the concentration of silicon or
carbon (the concentration is measured by SIMS) in the
vicinity of the interface between the oxide semiconductor
film 309 and the oxide semiconductor film 307 is set to be
lower than or equal to 2x10'® atoms/cm®, preferably lower
than or equal to 2x10"” atoms/cm®.

Further, the concentration of alkali metal or alkaline earth
metal of the oxide semiconductor film 307, which is mea-
sured by SIMS, is lower than or equal to 1x10*® atoms/cm?,
preferably lower than or equal to 2x10* atoms/cm?®. Alkali
metal and alkaline earth metal might generate carriers when
bonded to an oxide semiconductor, in which case the off-
state current of the transistor might be increased. Therefore,
it is preferable to reduce the concentration of alkali metal or
alkaline earth metal of the oxide semiconductor film 307.

Further, when nitrogen is contained in the oxide semi-
conductor film 307, electrons serving as carriers are gener-
ated to increase the carrier density, so that the oxide semi-
conductor film 307 easily becomes n-type. Thus, a transistor
including an oxide semiconductor which contains nitrogen is
likely to be normally on. For this reason, nitrogen in the
oxide semiconductor film is preferably reduced as much as
possible; the concentration of nitrogen which is measured by
SIMS is preferably set to, for example, lower than or equal
to 5x10'® atoms/cm’.

Note that in the transistor 112 shown in FIG. 9A, the oxide
semiconductor film 309 is provided between the oxide
semiconductor film 307 and the insulating film 314. The
oxide semiconductor film 307 is positioned on the conduc-
tive film 304 (serving as a gate) side and serves as a main
path of carriers. Hence, if trap states are formed between the
oxide semiconductor film 309 and the insulating film 314
owing to impurities and defects, electrons flowing in the
oxide semiconductor film 307 are less likely to be captured
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by the trap states because there is a distance between the trap
states and the oxide semiconductor film 307. Accordingly,
the amount of on-state current of the transistor 112 can be
increased, and the field-effect mobility can be increased.
When the electrons are captured by the trap states, the
electrons become negative fixed charges. As a result, a
threshold voltage of the transistor 112 fluctuates. However,
by the distance between the oxide semiconductor film 307
and the trap states, capture of the electrons by the trap states
can be reduced, and accordingly a fluctuation of the thresh-
old voltage can be reduced.

Note that the oxide semiconductor film 307 and the oxide
semiconductor film 309 are not formed by simply stacking
each layer, but are formed to form a continuous junction
(here, in particular, a structure in which the energy of the
bottom of the conduction band is changed continuously
between each film). In other words, a stacked-layer structure
in which there exist no impurity which forms a defect level
such as a trap center or a recombination center at each
interface is provided. If an impurity exists between the oxide
semiconductor film 307 and the oxide semiconductor film
309 which are stacked, a continuity of the energy band is
damaged, and the carrier is captured or recombined at the
interface and then disappears.

To form the continuous junction, each film needs to be
stacked successively without exposure to the atmosphere
using a multi-chamber deposition apparatus (sputtering
apparatus) including a load lock chamber. Each chamber in
the sputtering apparatus is preferably subjected to high
vacuum evacuation (to a vacuum of about 5x10~7 Pa to
1x10™* Pa) with use of a suction vacuum evacuation pump
such as a cryopump so that water or the like, which is an
impurity for the oxide semiconductor film, is removed as
much as possible. Alternatively, a turbo-molecular pump is
preferably used in combination with a cold trap to prevent
backflow of gas, especially a gas containing carbon or
hydrogen into the chamber through an evacuation system.

Here, a band structure of the stacked-layer structure
included in the transistor 112 is described with reference to
FIG. 9B.

FIG. 9B schematically shows a part of the band structure
included in the transistor 112. Here, the case where silicon
oxide layers are provided as the insulating film 306 and the
insulating film 314 is shown. In FIG. 9B, EcIl denotes the
energy of the bottom of the conduction band in the silicon
oxide layer used as the insulating film 306; EcS1 denotes the
energy of the bottom of the conduction band in the oxide
semiconductor film 307; EcS2 denotes the energy of the
bottom of the conduction band in the oxide semiconductor
film 309; and EcI2 denotes the energy of the bottom of the
conduction band in the silicon oxide layer used as the
insulating film 314.

As shown in FIG. 9B, there is no energy barrier between
the oxide semiconductor film 307 and the oxide semicon-
ductor film 309, and the energy level of the bottom of the
conduction band gradually changes therebetween. In other
words, the energy level of the bottom of the conduction band
is continuously changed. This is because the oxide semi-
conductor film 307 contains an element contained in the
oxide semiconductor film 309 and oxygen is transferred
between the oxide semiconductor film 307 and the oxide
semiconductor film 309, so that a mixed layer is formed.

As shown in FIG. 9B, in the oxide semiconductor film
308, the oxide semiconductor film 307 serves as a well; in
the transistor including the oxide semiconductor film 308, a
channel formation region is formed in the oxide semicon-
ductor film 307. Note that since the energy of the bottom of
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the conduction band of the oxide semiconductor film 308 is
continuously changed, it can be said that the oxide semi-
conductor film 307 and the oxide semiconductor film 309
have a continuous junction.

Although trap states due to defects or impurities such as
silicon or carbon, which is a constituent element of the
insulating film 314, might be formed in the vicinity of the
interface between the oxide semiconductor film 309 and the
insulating film 314 as shown in FIG. 9B, the oxide semi-
conductor film 307 can be distanced from the trap states
owing to existence of the oxide semiconductor film 309.
However, when the energy difference between EcS1 and
EcS2 is small, an electron in the oxide semiconductor film
307 might reach the trap state by passing over the energy
difference. When the electron is captured by the trap state,
negative fixed electric charge is generated at the interface
with the insulating film, so that the threshold voltage of the
transistor shifts in the positive direction. Therefore, it is
preferable that the energy difference between EcS1 and
EcS2 be 0.1 eV or more, further preferably 0.15 eV or more
because a change in the threshold voltage of the transistor is
prevented and stable electric characteristics are obtained.

By using the above-described oxide semiconductor for a
transistor in the liquid crystal display device of one embodi-
ment of the present invention, display of images on a pixel
portion can be maintained even after the writing of image
signals to the pixel portion is stopped. Furthermore, by using
the above transistor as an element for controlling the supply
of voltage to a liquid crystal element included in the pixel,
the voltage applied to the liquid crystal element can be held
for a long time.

The structures, the methods, and the like described in this
embodiment can be combined as appropriate with any of the
structures, the methods, and the like described in the other
embodiments.

Embodiment 3

In this embodiment, a configuration example of a pixel in
a liquid crystal display device of one embodiment of the
present invention, which is different from the pixel 100
illustrated in the top view of FIG. 5§ and the cross-sectional
view of FIG. 6 in Embodiment 1, is described with reference
to FIG. 10 and FIG. 11.

FIG. 10 is an example of a top view of the pixel 100
illustrated in FIG. 1A. In FIG. 10, some components (e.g,
a gate insulating film) are not illustrated for clarity of the top
view of the pixel 100. FIG. 11 is a cross-sectional view taken
along the dashed-dotted line A1-A2 and the dashed-dotted
line A3-A4 in FIG. 10.

In the pixel 100 illustrated in FIG. 10 and FIG. 11, a
conductive film 304 serving as the gate of the transistor 112
and the wiring GL is provided over the substrate 302 having
an insulating surface. In addition, an electrode 354 serving
as an electrode of the capacitor 113 and the first common
electrode is provided over the substrate 302.

An insulating film 306 is provided over the substrate 302
to cover the conductive film 304. An oxide semiconductor
film 308 serving as a channel formation region of the
transistor 112 is provided over the insulating film 306 in a
region overlapping with the conductive film 304. A conduc-
tive film 310 and a conductive film 312 are formed over the
oxide semiconductor film 308. A conductive film 313
formed in the same step as the conductive films 310 and 312
is provided over the electrode 354 and the insulating film
306. The conductive film 310 serves as the wiring SL and
one of the source and drain of the transistor 112. The
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conductive film 312 serves as the other of the source and
drain of the transistor 112. The conductive film 313 serves
as a capacitor line.

The electrode 354 is formed in the same step as the oxide
semiconductor film 308. The electrode 354 is a conductive
oxide semiconductor having higher electrical conductivity
than the oxide semiconductor film 308. The electrode 354 is
provided in contact with an insulating film 321 and diffusion
of hydrogen contained in the insulating film 321 into the
electrode 354 increases the electrical conductivity of the
electrode 354. In addition, a region in the electrode 354 in
contact with the conductive film 313 has high electrical
conductivity because the region is not in contact with the
insulating film 314 and oxygen vacancies in the oxide
semiconductor are not filled. Accordingly, although the
electrode 354 is an oxide semiconductor film formed in the
same step as the oxide semiconductor film 308, it serves as
an electrode.

The insulating film 314 is provided to cover the oxide
semiconductor film 308 and the conductive films 310 and
312. The insulating film 314 covers one end portion of the
electrode 354 and one end portion of the conductive film
313. The insulating film 314 has the opening 364 through
which part of the electrode 354 and part of the conductive
film 313 are exposed.

The insulating film 321 is provided over the insulating
film 314, the electrode 354, and the conductive film 313. An
opening 366 reaching the conductive film 312 is formed in
the insulating films 314 and 321. The pixel electrode 322 is
provided over the insulating film 321, and is connected to
the conductive film 312 through the opening 366. The pixel
electrode 322 is provided in a position overlapping with the
electrode 354 serving as the first common electrode, and has
openings (slits) as illustrated in the top view of FIG. 10. The
alignment film 324 is provided over the insulating film 321
and the pixel electrode 322.

A substrate 330 is provided to face the substrate 302. A
light-blocking film 332 having a function of blocking visible
light, a color film 334 transmitting visible light within a
certain wavelength range, an insulating film 336 in contact
with the light-blocking film 332 and the color film 334, a
second common electrode 338 in contact with the insulating
film 336, and an alignment film 340 in contact with the
second common electrode 338 are provided under the sub-
strate 330.

Between the substrate 302 and the substrate 330, a liquid
crystal layer 350 containing a liquid crystal material is
interposed between the alignment film 324 and the align-
ment film 340. The liquid crystal element 111 includes the
electrode 354 serving as the first common electrode, the
insulating film 321, the pixel electrode 322, and the second
common electrode 338. Note that a negative liquid crystal
material is used for the liquid crystal layer 350, and the
specific resistivity of the liquid crystal material is greater
than or equal to 1.0x10** £-cm and less than or equal to
1.0x10'¢ Q-cm.

The configuration of the pixel 100 of this embodiment is
different from the configuration of the pixel 100 illustrated
in FIG. 5 and FIG. 6 of Embodiment 1 mainly in the
following points: an insulating film serving as a planariza-
tion film is not used; the electrode 354 serving as the first
common electrode is formed in the same step as the oxide
semiconductor film 308; and the conductive film 313 serving
as a capacitor line is provided in contact with the electrode
354.

Since a planarization film is not used, impurities (e.g.,
water) contained in the planarization film can be prevented
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from entering the oxide semiconductor film 308. Thus, the
reliability of the transistor 112 including the oxide semicon-
ductor film 308 can be improved, leading to a liquid crystal
display device with high display quality.

An example of a method for manufacturing the pixel
illustrated in FIG. 11 is described with reference to FIGS.
12A to 12D and FIGS. 13A to 13C.

As illustrated in FIG. 12A, a conductive film is formed
over the substrate 302 and processed by etching or the like,
whereby the conductive film 304 is formed. Next, the
insulating film 306 is formed over the conductive film 304,
and an oxide semiconductor film is formed over the insu-
lating film 306. The oxide semiconductor film is processed
by etching or the like into the oxide semiconductor film 308
and the oxide semiconductor film 352. The oxide semicon-
ductor film 308 has a separated island shape and is posi-
tioned in a region overlapping with the conductive film 304.
The oxide semiconductor film 352 is apart from the oxide
semiconductor film 308.

For the substrate 302, the conductive film 304, the insu-
lating film 306, and the oxide semiconductor film 308, the
materials and formation methods for the substrate 302, the
conductive film 304, the insulating film 306, and the oxide
semiconductor film 308 described in Embodiment 1 can be
referred to. The oxide semiconductor film 352 can be formed
by using the same material and formation method as the
oxide semiconductor film 308.

Next, a conductive film is formed over the insulating film
306 and the oxide semiconductor films 308 and 352 and
processed by etching or the like, whereby the conductive
films 310 and 312 in contact with the oxide semiconductor
film 308 and the conductive film 313 in contact with the
oxide semiconductor film 352 are formed, as illustrated in
FIG. 12B.

For the conductive films 310, 312, and 313, the materials
and formation method for the conductive films 310, 312, and
313 described in Embodiment 1 can be referred to.

Next, as in FIG. 12C, the insulating film 314 is formed
over the insulating film 306, the oxide semiconductor films
308 and 352, and the conductive films 310, 312, and 313.

For the insulating film 314, the material and formation
method for the insulating film 314 described in Embodiment
1 can be referred to.

Next, as in FIG. 12D, the insulating film 314 is processed
by etching or the like, whereby the opening 364 is formed
to expose part of the oxide semiconductor film 352 and part
of the conductive film 313. Note that a surface of the
conductive film 313 is not necessarily exposed through the
opening 364 as long as at least the oxide semiconductor film
352 is exposed.

The opening 364 is formed, for example, by a dry etching
method or a wet etching method. Alternatively, the opering
364 may be formed by a combination of a dry etching
method and a wet etching method.

Next, as in FIG. 13A, the insulating film 321 is formed to
cover the insulating film 314 and the opening 364.

The insulating film 321 is formed using a material which
prevents diffusion of impurities from the outside, such as
water, alkali metal, and alkaline earth metal, into the oxide
semiconductor film, and the material further includes hydro-
gen. Thus, when hydrogen in the insulating film 321 is
diffused into the oxide semiconductor film 352, hydrogen is
bonded to oxygen or to oxygen vacancies to generate
electrons that are carriers in the oxide semiconductor film
352. As a result, the oxide semiconductor film 352 has
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higher conductivity than the oxide semiconductor film 308,
and becomes the electrode 354 serving as the first common
electrode.

For example, a silicon nitride film, a silicon nitride oxide
film, or the like having a thickness of from 50 nm to 400 nm
can be used as the insulating film 321. In this embodiment,
a silicon nitride film having a thickness of 100 nm is used as
the insulating film 321.

The silicon nitride film is preferably formed at a high
temperature to have an improved blocking property; for
example, the silicon nitride film is preferably formed at a
temperature in the range from the substrate temperature of
100° C. to the strain point of the substrate, more preferably
at a temperature in the range from 300° C. to 400° C. Note
that in the case where the silicon nitride film is formed at a
high temperature, a phenomenon in which oxygen is
released from the oxide semiconductor film 308 and the
carrier concentration is increased is caused in some cases;
therefore, the upper limit of the temperature is a temperature
at which the phenomenon is not caused.

Although not illustrated in FIG. 11 and FIGS. 13A to 13C,
an insulating film may be formed after the formation of the
insulating film 321. As the insulating film, for example, a
silicon oxide film formed using an organosilane gas by a
PE-CVD method can be used. The silicon oxide film can be
formed to a thickness of greater than or equal to 300 nm and
less than or equal to 600 nm. For example, any of the
following silicon-containing compound can be used for the
organosilane gas: tetraethyl orthosilicate (TEOS) (chemical
formula: Si(OC,Hy),); tetramethylsilane (TMS) (chemical
formula: Si(CH,),); tetramethylcyclotetrasiloxane (TM-
CTS); octamethyleyclotetrasiloxane (OMCTS); hexameth-
yldisilazane (HMDS); triethoxysilane (SiH(OC,Hy),); and
trisdimethylaminosilane (SiH(N(CHs;),);). For example, the
silicon oxide film is formed using an organosilane gas and
oxygen by a PE-CVD method at a substrate temperature of
200° C. or higher and 550° C. or lower, preferably 220° C.
or higher and 500° C. or lower, further preferably 300° C. or
higher and 450° C. or lower.

The insulating film formed over the insulating film 321
can smooth an uneven surface caused by a transistor or the
like. Furthermore, since the insulating film is formed using
an inorganic material, the insulating film contains fewer
impurities that adversely affect an oxide semiconductor film
than a resin planarization film using an organic material.

It is preferable that heat treatment be performed at least
after the formation of the insulating film 314 so that oxygen
contained in the insulating film 314 is transferred to the
oxide semiconductor film 308 to fill oxygen vacancies in the
oxide semiconductor film 308.

Next, as in FIG. 13B, desired regions in the insulating
films 314 and 321 are removed, whereby the opening 366
reaching the conductive film 312 1s formed.

The opening 366 is formed by, for example, a dry etching
method or a wet etching method. Alternatively, the opening
366 may be formed by a combination of a dry etching
method and a wet etching method.

Next, as in FIG. 13C, the pixel electrode 322 is formed
over the insulating film 321. The pixel electrode 322 is
connected to the conductive film 312 through the opening
366.

The pixel electrode 322 is formed in such a manner that
a transparent conductive film is formed over the insulating
film 321 and processed by etching or the like.

For the pixel electrode 322, the material and formation
method for the pixel electrode 322 described in Embodiment
1 can be referred to.
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Next, an alignment film 324 (not illustrated) is formed
over the insulating film 321 and the pixel electrode 322. The
alignment film 324 can be formed by a rubbing method, an
optical alignment method, or the like.

Through the above steps, the components formed over the
substrate 302 can be formed.

For the liquid crystal element 111, the substrate 330
provided to face the substrate 302, and the like, the descrip-
tion in Embodiment 1 can be referred to.

The structures, the methods, and the like described in this
embodiment can be combined as appropriate with any of the
structures, the methods, and the like described in the other
embodiments.

Embodiment 4

In this embodiment, examples of electronic devices
including the liquid crystal display device of one embodi-
ment of the present invention are described with reference to
FIGS. 14A to 14E.

The liquid crystal display device of one embodiment of
the present invention can be used for display devices,
personal computers, or image reproducing devices provided
with recording media (typically, devices that reproduce the
content of recording media such as digital versatile discs
(DVDs) and have displays for displaying the reproduced
images). Other examples of the electronic devices to which
the liquid crystal display device of one embodiment of the
present invention can be applied include cellular phones,
game machines (including portable game machines), per-
sonal digital assistants, e-book readers, cameras such as
video cameras and digital still cameras, goggle-type displays
(head mounted displays), navigation systems, audio repro-
ducing devices (e.g., car audio systems and digital audio
players), copiers, facsimiles, printers, multifunction printers,
automated teller machines (ATMs), and vending machines.
FIGS. 14A to 18F illustrate specific examples of these
electronic devices.

FIG. 14A illustrates a portable game machine, which
includes a housing 5001, a housing 5002, a display portion
5003, a display portion 5004, a microphone 5005, speakers
5006, an operation key 5007, a stylus 5008, and the like. The
liquid crystal display device of one embodiment of the
present invention can be used for the display portion 5003 or
the display portion 5004. Note that although the portable
game machine in FIG. 14A has the two display portions
5003 and 5004, the number of display portions included in
the portable game machine is not limited thereto.

FIG. 14B illustrates a display device, which includes a
housing 5201, a display portion 5202, a support 5203, and
the like. The liquid crystal display device of one embodi-
ment of the present invention can be used for the display
portion 5202. Note that the display device means all display
devices for displaying information, such as display devices
for personal computers, for receiving TV broadcast, and for
displaying advertisements.

FIG. 14C illustrates a laptop personal computer, which
includes a housing 5401, a display portion 5402, a keyboard
5403, a pointing device 5404, and the like. The liquid crystal
display device of one embodiment of the present invention
can be used for the display portion 5402.

FIG. 14D illustrates a personal digital assistant, which
includes a first housing 5601, a second housing 5602, a first
display portion 5603, a second display portion 5604, a joint
5605, an operation key 5606, and the like. The first display
portion 5603 is provided in the first housing 5601, and the
second display portion 5604 is provided in the second
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housing 5602. The first housing 5601 and the second hous-
ing 5602 are connected to each other with the joint 5605, and
the angle between the first housing 5601 and the second
housing 5602 can be changed with the joint 5605. An image
on the first display portion 5603 may be switched depending
on the angle between the first housing 5601 and the second
housing 5602 at the joint 5605. The liquid crystal display
device of one embodiment of the present invention can be
used for the first display portion 5603 or the second display
portion 5604. A liquid crystal display device with a position
input function may be used as at least one of the first display
portion 5603 and the second display portion 5604. Note that
the position input function can be added by provision of a
touch panel in a liquid crystal display device. Alternatively,
the position input function can be added by provision of a
photoelectric conversion element also called a photosensor
in a pixel portion of a liquid crystal display device.

FIG. 14E illustrates a video camera, which includes a first
housing 5801, a second housing 5802, a display portion
5803, operation keys 5804, a lens 5805, a joint 5806, and the
like. The operation keys 5804 and the lens 5805 are provided
in the first housing 5801, and the display portion 5803 is
provided in the second housing 5802. The first housing 5801
and the second housing 5802 are connected to each other
with the joint 5806, and the angle between the first housing
5801 and the second housing 5802 can be changed with the
joint 5806. An image on the display portion 5803 may be
switched depending on the angle between the first housing
5801 and the second housing 5802 at the joint 5806. The
liquid crystal display device of one embodiment of the
present invention can be used for the display portion 5803.

FIG. 14F illustrates a cellular phone. In the cellular phone,
a display portion 5902, a microphone 5907, a speaker 5904,
a camera 5903, an external connection portion 5906, and an
operation button 5905 are provided in a housing 5901. The
liquid crystal display device of one embodiment of the
present invention can be used for a circuit included in the
cellular phone. In the case where the liquid crystal display
device of one embodiment of the present invention is formed
over a flexible substrate, it can be applied to the display
portion 5902 having a curved surface as shown in FIG. 14F.

The structures, the methods, and the like described in this
embodiment can be combined as appropriate with any of the
structures, the methods, and the like described in the other
embodiments.

Example 1

In this example, the transmittance of the liquid crystal
display device of one embodiment of the present invention
was measured. The liquid crystal display devices used in this
example are described below with reference to FIGS. 15A
and 15B.

Aliquid crystal display device 720 illustrated in FIG. 15A
is an example of the liquid crystal display device of one
embodiment of the present invention.

The liquid crystal display device 720 illustrated in FIG.
15A includes a substrate 602; a conductive film 604 serving
as a gate of a transistor and being over the substrate 602; an
insulating film 606 over the substrate 602 and the conductive
film 604; an insulating film 606; an oxide semiconductor
film 608 over the insulating film 606 in a region overlapping
with the conductive film 604; conductive films 610 and 612
connected to the oxide semiconductor film 608; an insulat-
ing film 614 over the insulating film 606, the oxide semi-
conductor film 608, and the conductive films 610 and 612;
an insulating film 616 over the insulating film 614; a first
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common electrode 618 over the insulating film 616; an
insulating film 620 over the insulating film 614 and the first
common electrode 618; a pixel electrode 622 over the
insulating film 620; an alignment film 624 over the insulat-
ing film 620 and the pixel electrode 622; a liquid crystal
layer 650 over the alignment film 624; an alignment film 640
over the liquid crystal layer 650; a second common electrode
638 over the alignment film 640; an insulating film 636 over
the second common electrode 638; a light-blocking film 632
and a color film 634 over the insulating film 636; and a
substrate 630 over the light-blocking film 632 and the color
film 634.

A transistor 712 includes the conductive film 604, the
insulating film 606, the oxide semiconductor film 608, and
the conductive films 610 and 612. The conductive film 612
included in the transistor 712 is connected to the pixel
electrode 622 through an opening formed in the insulating
films 616 and 620.

Next, a comparative liquid crystal display device 730
illustrated in FIG. 15B is described.

The comparative liquid crystal display device 730 illus-
trated in FIG. 15B includes a substrate 602; a conductive
film 604 serving as a gate of a transistor and being over the
substrate 602; an insulating film 606 over the substrate 602
and the conductive film 604; an insulating film 606; an oxide
semiconductor film 608 over the insulating film 606 in a
region overlapping with the conductive film 604; conductive
films 610 and 612 connected to the oxide semiconductor
film 608; an insulating film 614 over the insulating film 606,
the oxide semiconductor film 608, and the conductive films
610 and 612; an insulating film 616 over the insulating film
614; a first common electrode 618 over the insulating film
616; an insulating film 620 over the insulating film 614 and
the first common electrode 618; a pixel electrode 622 over
the insulating film 620; an alignment film 624 over the
insulating film 620 and the pixel electrode 622; a liquid
crystal layer 650 over the alignment film 624; an alignment
film 640 over the liquid crystal layer 650; an insulating film
636 over the alignment film 640; a light-blocking film 632
and a color film 634 over the insulating film 636; a substrate
630 over the light-blocking film 632 and the color film 634;
and an electrode 642 over the substrate 630.

The transistor 712 includes the conductive film 604, the
insulating film 606, the oxide semiconductor film 608, and
the conductive films 610 and 612. The conductive film 612
included in the transistor 712 is connected to the pixel
electrode 622 through an opening formed in the insulating
films 616 and 620.

Differences between the liquid crystal display device 720
of one embodiment of the present invention illustrated in
FIG. 15A and the comparative liquid crystal display device
730 illustrated in FIG. 15B are the second common electrode
638 and the electrode 642. Specifically, the second common
electrode 638 is provided under the substrate 630 in the
liquid crystal display device 720 whereas the electrode 642
is provided over the substrate 630 in the comparative liquid
crystal display device 730.

In the structure illustrated in FIG. 15A, voltage can be
applied to the liquid crystal layer 650 through the alignment
film 640 by the second common electrode 638. In contrast,
in the structure illustrated in FIG. 15B, since the electrode
642 is provided over the substrate 630, it is difficult to apply
voltage to the liquid crystal layer 650 by the electrode 642.

Methods for manufacturing the liquid crystal display
devices 720 and 730 illustrated in FIGS. 15A and 15B are
described below. The liquid crystal display device 720 and
the comparative liquid crystal display device 730 have the
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same structure except for the second common electrode 638
and the electrode 642. First, steps for forming the common
components are described below.

A glass substrate was used as the substrate 602. The
conductive film 604 was formed over the substrate 602. A
200-nm-thick tungsten film was formed by a sputtering
method as the conductive film 604. Then, the insulating film
606 was formed over the substrate 602 and the conductive
film 604. A 400-nm-thick silicon nitride film and a 50-nm-
thick silicon oxynitride film were stacked as the insulating
film 606.

Note that the silicon nitride film was formed to have a
three-layer structure of a first silicon nitride film, a second
silicon nitride film, and a third silicon nitride film.

The first silicon nitride film was formed to a thickness of
50 nm under the following conditions: silane with a flow rate
of 200 scem, nitrogen with a flow rate of 2000 sccm, and
ammonia with a flow rate of 100 sccm were supplied to a
treatment chamber of a plasma CVD apparatus as a source
gas; the pressure in the treatment chamber was adjusted to
100 Pa; and a power of 2000 W was supplied with the use
of a 27.12 MHz high-frequency power source. The second
silicon nitride film was formed to a thickness of 300 nm
under the following conditions: silane with a flow rate of 200
scem, nitrogen with a flow rate of 2000 sccm, and ammonia
with a flow rate of 2000 scem were supplied to a treatment
chamber of a plasma CVD apparatus as a source gas; the
pressure in the treatment chamber was adjusted to 100 Pa;
and a power of 2000 W was supplied with the use of a 27.12
MHz high-frequency power source. The third silicon nitride
film was formed to a thickness of 50 nm under the following
conditions: silane with a flow rate of 200 sccm and nitrogen
with a flow rate of 5000 sccm were supplied to a treatment
chamber of a plasma CVD apparatus as a source gas; the
pressure in the treatment chamber was adjusted to 100 Pa;
and a power of 2000 W was supplied with the use of a 27.12
MHz high-frequency power source. The substrate tempera-
ture during the formation of the first silicon nitride film, the
second silicon nitride film, and the third silicon nitride film
was set to 350° C.

The silicon oxynitride film was formed under the follow-
ing conditions: silane with a flow rate of 20 sccm and
dinitrogen monoxide with a flow rate of 3000 sccm were
supplied to a treatment chamber of a plasma CVD apparatus
as a source gas; the pressure in the treatment chamber was
adjusted to 40 Pa; and a power of 100 W was supplied with
the use of a 27.12 MHz high-frequency power source. The
substrate temperature during the formation of the silicon
oxynitride film was set to 350° C.

Next, the oxide semiconductor film 608 was formed over
the insulating film 606 in a region overlapping with the
conductive film 604. Here, a 35-nm-thick oxide semicon-
ductor film was formed over the insulating film 614 by a
sputtering method.

The oxide semiconductor film was formed under the
following conditions: a sputtering target of In:Ga:Zn=1:1:1
(atomic ratio) was used; oxygen with a flow rate of 30 sccm
and argon with a flow rate of 270 sccm were supplied as a
spuftering gas into a treatment chamber of a sputtering
apparatus; the pressure in the treatment chamber was
adjusted to 0.6 Pa; and a direct-current power of 5 kW was
supplied. The substrate temperature during the formation of
the oxide semiconductor film was set to 170° C.

Then, the conductive films 610 and 612 in contact with
the oxide semiconductor film 608 were formed.
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As the conductive films 610 and 612, a 400-nm-thick
aluminum film was formed over a 50-nm-thick tungsten
film, and a 100-nm-thick titanium film was formed over the
aluminum film.

Next, after the substrate was transferred to a treatment
chamber in a reduced pressure and heated at 350° C., the
oxide semiconductor film 608 was exposed to oxygen
plasma that was generated in a dinitrogen monoxide atmo-
sphere by supply of a high-frequency power of 150 W to an
upper electrode provided in the treatment chamber with the
use of a 27.12 MHz high-frequency power source.

Next, the insulating film 614 was formed over the oxide
semiconductor film 608 and the conductive films 610 and
612. Here, the insulating film 614 was formed to have a
three-layer structure of a first oxide insulating film, a second
oxide insulating film, and a nitride insulating film.

First, after the above plasma treatment, the first oxide
insulating film and the second oxide insulating film were
formed in succession without exposure to the air. A 50-nm-
thick silicon oxynitride film was formed as the first oxide
insulating film, and a 400-nm-thick silicon oxynitride film
was formed as the second oxide insulating film.

The first oxide insulating film was formed by a plasma
CVD method under the following conditions: silane with a
flow rate of 20 sccm and dinitrogen monoxide with a flow
rate of 3000 sccm were used as a source gas; the pressure in
the treatment chamber was 200 Pa; the substrate temperature
was 350° C.; and a high-frequency power of 100 W was
supplied to parallel-plate electrodes.

The second oxide insulating film was formed by a plasma
CVD method under the following conditions: silane with a
flow rate of 160 sccm and dinitrogen monoxide with a flow
rate of 4000 sccm were used as a source gas; the pressure in
the treatment chamber was 200 Pa; the substrate temperature
was 220° C.; and a high-frequency power of 1500 W was
supplied to parallel-plate electrodes. Under the above con-
ditions, it is possible to form a silicon oxynitride film
containing oxygen at a higher proportion than oxygen in the
stoichiometric composition and from which part of oxygen
is released by heating.

Next, by heat treatment, water, nitrogen, hydrogen, and
the like were released from the first oxide insulating film and
the second oxide insulating film and part of oxygen con-
tained in the second oxide insulating film was supplied to the
oxide semiconductor film 608. Here, the heat treatment was
performed at 350° C. in a mixed atmosphere of nitrogen and
oxygen for one hour.

Then, a 100-nm-thick nitride insulating film was formed
over the second oxide insulating film. The nitride insulating
film was formed by a plasma CVD method under the
following conditions: silane with a flow rate of 50 sccm,
nitrogen with a flow rate of 5000 sccm, and ammonia with
a flow rate of 100 sccm were used as a source gas; the
pressure in the treatment chamber was 100 Pa; the substrate
temperature was 350° C.; and a high-frequency power of
1000 W was supplied to parallel plate electrodes.

Next, an opening reaching the conductive film 612 was
formed in the insulating film 614. The opening was formed
by a dry etching method.

The insulating film 616 having an opening was formed
over the insulating film 614. An acrylic resin, which is an
organic resin material, was used for the insulating film 616.
The thickness of the acrylic resin film was set to 2 pm.

The first common electrode 618 was formed over the
insulating film 616. As the first common electrode 618, a
100-nm-thick conductive film of an indium oxide-tin oxide
compound (ITO—Si0,) was formed by a sputtering
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method. Note that the composition of a target used for
forming the conductive film was In,0,:Sn0,:510,=85:10:5
[wt %].

Then, the insulating film 620 was formed over the insu-
lating film 616 and the first common electrode 618. A
300-nm-thick nitride insulating film was formed as the
insulating film 620. The nitride insulating film was formed
by a plasma CVD method under the following conditions:
silane with a flow rate of 50 sccm, nitrogen with a flow rate
of 5000 scem, and ammonia with a flow rate of 100 sccm
were used as a source gas; the pressure in the treatment
chamber was 200 Pa; the substrate temperature was 220° C.;
and a high-frequency power of 1000 W was supplied to
parallel plate electrodes.

Subsequently, the pixel electrode 622 was formed over the
insulating film 620. As the pixel electrode 622, a 80-nm-
thick conductive film of an indium oxide-tin oxide com-
pound (ITO—Si0,) was formed by a sputtering method.
Note that the composition of a target used for forming the
conductive film was the same as the composition of a target
used for forming the first common electrode 618. After that,
heat treatment was performed in a nitrogen atmosphere at
250° C. for one hour.

Next, the alignment film 624 was formed over the insu-
lating film 620 and the pixel electrode 622. A 60-nm-thick
polyimide film was used as the alignment film 624. Note that
the resistivity of the polyimide film used as the alignment
film 624 was 4.0x10*> Q-cm.

Through the above steps, the components over the sub-
strate 602 were formed.

Next, a method for forming components on the substrate
630 provided to face the substrate 602 is described. Note that
the liquid crystal display device 720 illustrated in FIG. 15A
is different from the comparative liquid crystal display
device 730 illustrated in FIG. 15B in the components on the
substrate 630. Therefore, methods for manufacturing the
liquid crystal display devices 720 and 730 are separately
described below. Hereinafter, the liquid crystal display
device 720 is referred to as Sample 1 and the comparative
liquid crystal display device 730 is referred to as Compara-
tive Sample 2.
<Method for Manufacturing Components on the Substrate
630 illustrated in FIG. 15A>

A glass substrate was used as the substrate 630. The
light-blocking film 632 was formed in a desired region to be
in contact with the substrate 630. As the light-blocking film
632, a 600-nm-thick organic resin film containing black
pigment was formed by a spin coating method.

Next, the color film 634 was formed in contact with the
substrate 630. As the color film 634, a 1.4-um-thick organic
resin film containing pigment was formed by a spin coating
method.

Then, the insulating film 636 was formed in contact with
the light-blocking film 632 and the color film 634. A
1.5-um-thick acrylic resin film was used as the insulating
film 636.

Subsequently, the second common electrode 638 was
formed in contact with the insulating film 636. As the second
common electrode 638, a 100-nm-thick conductive film of
an indium oxide-tin oxide compound (ITO—Si0,) was
formed by a sputtering method. Note that the composition of
a target used for forming the conductive film was the same
as the composition of a target used for forming the first
common electrode 618.
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Then, the alignment film 640 was formed in contact with
the second common electrode 638. The alignment film 640
was formed using the same material as the alignment film
624.

Next, the substrate 630 and the substrate 602 were bonded
to each other, and a liquid crystal material forming the liquid
crystal layer 650 was injected between the substrates by a
one drop filling method.

The liquid crystal layer 650 was formed using a negative
liquid crystal material (ML.C-3006 produced by Merck) such
that the cell gap (the distance between the alignment film
624 and the alignment film 640) was set to 3.5 pm.

Through the above steps, Sample 1, which is the liquid
crystal display device of one embodiment of the present
invention illustrated in FIG. 15A, was manufactured.
<Method for Manufacturing Components on the Substrate
630 illustrated in FIG. 15B>

A glass substrate was used as the substrate 630. The
light-blocking film 632 was formed in a desired region to be
in contact with the substrate 630. As the light-blocking film
632, a 600-nm-thick organic resin film containing black
pigment was formed by a spin coating method.

Next, the color film 634 was formed in contact with the
substrate 630. As the color film 634, a 1.4-um-thick organic
resin film containing pigment was formed by a spin coating
method.

Then, the insulating film 636 was formed in contact with
the light-blocking film 632 and the color film 634. A
1.5-um-thick acrylic resin film was used as the insulating
film 636.

Subsequently, the electrode 642 was formed in contact
with a surface of the substrate 630 where the insulating film
636 was not provided. As the electrode 642, a 100-nm-thick
conductive film of an indium oxide-tin oxide compound
(ITO—Si0,) was formed by a sputtering method. Note that
the composition of a target used for forming the conductive
film was the same as the composition of a target used for
forming the first common electrode 618.

Then, the alignment film 640 was formed in contact with
the insulating film 636. The alignment film 640 was formed
using the same material as the alignment film 624.

Next, the substrate 630 and the substrate 602 were bonded
to each other, and a liquid crystal material forming the liquid
crystal layer 650 was injected between the substrates by a
one drop filling method.

The liquid crystal layer 650 was formed using a negative
liquid crystal material (ML.C-3006 produced by Merck) such
that the cell gap (the distance between the alignment film
624 and the alignment film 640) was set to 3.5 pm.

Through the above steps, Comparative Sample 2, which is
the comparative liquid crystal display device illustrated in
FIG. 15B, was manufactured.

Next, the transmittances of Sample 1 and Comparative
Sample 2 were measured. In measuring the transmittance of
Sample 1, voltages of 0 V, 5.5V, and 0.8 V were applied to
the first common electrode 618, the pixel electrode 622, and
the second common electrode 638, respectively. The voltage
application to the pixel electrode 622, the second common
electrode 638, and the second common electrode 638 was
performed intermittently, and data writing was performed
every time voltage was applied. In measuring the transmit-
tance of Comparative Sample 2, voltages of 0 V, 5.5V, and
0.8 V were applied to the first common electrode 618, the
pixel electrode 622, and the electrode 642, respectively. The
voltage application to the pixel electrode 622, the second
common electrode 638, and the electrode 642 was per-
formed intermittently and data writing was performed every
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time voltage was applied. Note that data writing in Sample
1 and Comparative Sample 2 was controlled by the transistor
712 formed in Sample 1 and Comparative Sample 2.

FIGS. 16A and 16B, FIGS. 17A and 17B, FIGS. 18A and
18B, FIGS. 19A and 19B, and FIGS. 20A and 20B show
transmittance-time characteristics of Sample 1 and Com-
parative Sample 2. In these drawings, the horizontal axis
represents time (s) and the vertical axis represents transmit-
tance (%). FIGS. 16A and 16B, FIGS. 17A and 17B, FIGS.
18A and 18B, FIGS. 19A and 19B, and FIGS. 20A and 20B
show transmittance-time characteristics at the maximum
gray level (at a transmittance of 100%). FIGS. 21A to 21C
show transmittance-time characteristics of Sample 1. In
FIGS. 21Ato 21C, the horizontal axis represents time (s) and
the vertical axis represents transmittance (%). FIGS. 21A to
21C show transmittance-time characteristics at an interme-
diate gray level (at a transmittance of 50%). Note that the
transmittance-time characteristics at the intermediate gray
level may be different from the transmittance-time charac-
teristics at the maximum gray level.

The transmittance-time characteristics shown in FIG.
16A, FIG. 17A, FIG. 18A, FIG. 19A, and FIG. 20A are the
results of Sample 1 of one embodiment of the present
invention; the transmittance-time characteristics shown in
FIG. 16B, FIG. 17B, FIG. 18B, FIG. 19B, and FIG. 20B are
the results of Comparative Sample 2.

FIGS. 16A and 16B show the transmittance-time charac-
teristics in the case where data writing is performed once
every second; FIGS. 17A and 17B, data writing is performed
once every 5 seconds; FIGS. 18A and 18B, once every 15
seconds; FIGS. 19A and 19B, once every 30 seconds; and
FIGS. 20A and 20B, once every 60 seconds. Note that
timings for data writing operations are different between the
graphs with the same interval between data writing opera-
tions. Therefore, time for data writing operation is not the
same between FIGS. 16A and 16B, between FIGS. 17A and
17B, between FIGS. 18A and 18B, between FIGS. 19A and
19B, and between FIGS. 20A and 20B.

FIG. 21A shows the transmittance-time characteristics in
the case where data writing is performed once every second,
FIG. 21B, once every 5 seconds; and FIG. 21C, once every
60 seconds.

The results shown in FIGS. 16A and 168, FIGS. 17A and
17B, FIGS. 18A and 18B, FIGS. 19A and 19B, and FIGS.
20A and 20B indicate that Sample 1 of one embodiment of
the present invention has a small time-dependent change in
transmittance whereas Comparative Sample 2 has a large
time-dependent change in transmittance. In particular, in the
case where the time interval between data writing operations
is long for example, in the case of FIG. 20B where data
writing is performed once every 60 seconds, the coeflicient
of transmittance fluctuation is greater than or equal to 3%.
This result indicates that in Sample 1 of one embodiment of
the present invention, change in transmittance of the liquid
crystal layer 650 can be made small by application of
voltage to the second common electrode 638. In contrast, in
Comparative Sample 2, the second common electrode 638 is
not provided, and a potential having the same level as a
potential applied to the second common electrode 638 in
Sample 1 is applied to the electrode 642 over the substrate
630. Since the electrode 642 does not supply potential to the
liquid crystal layer 650, change in transmittance in the liquid
crystal layer 650 cannot be small.

The results shown in FIGS. 21A to 21C indicate that, in
Sample 1 of one embodiment of the present invention, the
coeflicient of transmittance fluctuation is approximately 2%
in the case where data writing is performed once every 5
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seconds. This fluctuation might be perceived as a flicker
depending on a display image; therefore, the time interval
between data writing operations is preferably shorter than 5
seconds.

Example 2

In this example, the transmittance of the liquid crystal
display device of one embodiment of the present invention
was calculated. The structures of the liquid crystal display
devices used for the calculation in this example are
described below with reference to FIGS. 22A and 22B.

The liquid crystal display device that is used for calcu-
lation and illustrated in FIG. 22A includes a substrate 802;
electrodes 804a, 8045, 854a, and 8545 over the substrate
802; an insulating film 814 covering the electrodes §04a and
8045 and end portions of the electrodes 854a and 8545; an
insulating film 821 over the insulating film 814 and the
electrodes 854a and 854b; an insulating film 856 over the
insulating film 821; a pixel electrode 8224 over the insulat-
ing films 821 and 856 in a region overlapping with the
electrode 854a; a pixel electrode 8225 over the insulating
films 821 and 856 in a region overlapping with the electrode
854b; a liquid crystal layer 850 over the insulating film 856
and the pixel electrodes 822a and 822b; an electrode 838
over the liquid crystal layer 850; and a substrate 830 over the
electrode 838.

For convenience of calculation, the liquid crystal display
device for calculation illustrated in FIG. 22A has a structure
obtained by simplifying the structure of the pixel in the
liquid crystal display device of one embodiment of the
present invention illustrated in FIG. 10 and FIG. 11. Spe-
cifically, the substrate 802 in FIG. 22A corresponds to the
substrate 302 in FIG. 11; the electrodes 804a and 8045, the
conductive film 304; the electrodes 854a and 854b, the
electrode 354; the insulating film 814, the insulating film
314; the insulating film 821, the insulating film 321; the
pixel electrodes 822a and 822, the pixel electrode 322; the
liquid crystal layer 850, the liquid crystal layer 350; the
electrode 838, the second common electrode 338; and the
substrate 830, the substrate 330. Note that the insulating film
856 in FIG. 22A is not illustrated in FIG. 11.

A liquid crystal display device that is used for calculation
and illustrated in FIG. 22B has the same structure as the
liquid crystal display device illustrated in FIG. 22A except
that the electrode 838 over the liquid crystal layer 850 is not
provided.

FIG. 22A and FIG. 22B each illustrate a cross-sectional
structure of two pixels in the liquid crystal display device.
The left side of the drawing, specifically, the region includ-
ing the electrode 804a, the electrode 854a, and the pixel
electrode 822a corresponds to one pixel, and the right side,
specifically, the region including the electrode 8045, the
electrode 854b, and the pixel electrode 8225 corresponds to
the other pixel. In FIGS. 22A and 22B, each of the pixel
electrodes 822a and 822b corresponds to separated three
electrodes.

The liquid crystal display device for calculation illustrated
in FIG. 22A is referred to as Sample 3. The liquid crystal
display device for calculation illustrated in FIG. 22B is
referred to as Comparative Sample 4. Sample 3 has a
structure of the liquid crystal display device of one embodi-
ment of the present invention. Comparative Sample 4 has a
structure of the comparative liquid crystal display device.

In FIGS. 22A and 22B, each of the electrodes 804a and
804H has a thickness of 200 nm and a width of 2 pm; each
of the electrodes 854a and 8544 has a thickness of 200 nm
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and a width of 20 pm; the insulating film 814 has a thickness
of 500 nm; the insulating film 821 has a thickness of 100 nm;
the insulating film 856 has a thickness of 400 nm; each of the
pixel electrodes 822a and 8224 has a thickness of 100 nm
and a width of 2 um; the liquid crystal layer 850 has a
thickness of 4 pm; and the negative liquid crystal material
(MLC-3006 produced by Merck) was used. In FIG. 22A, the
electrode 838 has a thickness of 100 nm.

In the liquid crystal display device for calculation illus-
trated in FIG. 22A, the transmittance of the liquid crystal
layer 850 was calculated in the case where 0 V was applied
to the electrode 804a; 6 V, the electrode 8045; 0 V, the
electrodes 8544 and 8545, 0V, the pixel electrode 8224, 6
V, the pixel electrode 8225; and 0 V, the electrode 838.

In the liquid crystal display device for calculation illus-
trated in FIG. 22B, the transmittance of the liquid crystal
layer 850 was calculated in the case where 0 V was applied
to the electrode 804a; 6 V, the electrode 8045; 0V, the
electrodes 8544 and 8545, 0V, the pixel electrode 822a; and
6V, the pixel electrode 8225. Note that voltages applied to
these electrodes were set on the assumption that black
display is performed on the left pixel and white display is
performed on the right pixel in FIGS. 22A and 22B.

FIG. 23 shows the results of calculating the transmit-
tances. The calculation was performed using calculation
software, LCD Master (produced by SHINTECH, Inc.).

In FIG. 23, the horizontal axis represents position (jm);
the vertical axis represents transmittance (%); the solid line
represents Sample 3; and the dashed line represents Com-
parative Sample 4. In FIG. 23, the shapes of the electrodes
804a, 8045, 854a, and 8545 illustrated in FIGS. 22A and
22B are schematically shown by the gray solid line to show
the positions of the electrodes 804a, 8045, 8544, and 8545.

From the calculation results shown in FIG. 23, it is found
that Sample 3 of one embodiment of the present invention
has low transmittance in the position near 20 um to 30 pm.
In contrast, Comparative Sample 4 has high transmittance in
the position near 20 um to 30 wm. This is because Sample 3
includes the electrode 838 over the liquid crystal layer 850
whereas Comparative Sample 4 does not, and voltage
applied to the electrode 838 (in this example, 0 V) prevents
transmittance in the position near 20 um to 30 um from
increasing in Sample 3. Furthermore, Sample 3 has higher
transmittance in the position near 40 um to 50 pm than
Comparative Sample 4. In FIG. 23, in the left pixel in the
position 0 um to 25 um, voltage applied to the electrodes
804H and 854b is 0 V; thus, black display, that is, low
transmittance is preferred. In the right pixel in the position
26 pm to 55 pm, voltage applied to the electrodes 8045 and
8544 is 6 V; thus, white display, that is, high transmittance
is preferred. The calculation results confirm that Sample 3 of
one embodiment of the present invention has excellent
transmittance characteristics as compared with Comparative
Sample 4 because Sample 3 includes the electrode 838 over
the liquid crystal layer 850.

As described above, the liquid crystal display device of
one embodiment of the present invention can have high
black and white contrast between adjacent pixels.

The structure described in this example can be combined
as appropriate with any of the structures described in the
embodiments or the other examples.

This application is based on Japanese Patent Application
serial no. 2013-106681 filed with Japan Patent Office on
May 21, 2013; Japanese Patent Application serial no. 2013-
126895 filed with Japan Patent Office on Jun. 17, 2013; and
Japanese Patent Application serial no. 2013-153362 filed

5

15

20

25

30

40

45

60

65

40

with Japan Patent Office on Jul. 24, 2013, the entire contents
of which are hereby incorporated by reference.

What is claimed is:

1. A liquid crystal display device comprising:

a first substrate comprising;

a transistor comprising a crystalline oxide semiconduc-
tor film in a channel formation region;

a pixel electrode electrically connected to one of a
source electrode and a drain electrode of the tran-
sistor;

an insulating layer in contact with the pixel electrode;
and

a first common electrode in contact with the insulating
layer,

a second substrate facing the first substrate, the second

substrate comprising a second common electrode; and

a liquid crystal layer comprising a liquid crystal material

between the first substrate and the second substrate,

wherein a potential difference between the first common
electrode and the second common electrode is smaller
than a potential difference between the second common
electrode and the pixel electrode,

wherein the potential difference between the second com-

mon electrode and the pixel electrode is smaller than a

potential difference between the first common electrode

and the pixel electrode, and

wherein a specific resistivity of the liquid crystal material

is greater than or equal to 1.8x10"* Q-cm and less than

or equal to 1.0x10*® Q-cm.

2. The liquid crystal display device according to claim 1,
wherein the crystalline oxide semiconductor film comprises
In, Ga, and Zn.

3. The liquid crystal display device according to claim 1,
further comprising a planarization film between the first
substrate and the pixel electrode.

4. The liquid crystal display device according to claim 1,
further comprising a color film between the second substrate
and the second common electrode.

5. The liquid crystal display device according to claim 1,
wherein c-axes of the crystalline oxide semiconductor film
are aligned in a direction perpendicular to a top surface of
the crystalline oxide semiconductor film.

6. A liquid crystal display device comprising:

a first substrate comprising;

a transistor comprising a crystalline oxide semiconduc-
tor film in a channel formation region;

a pixel electrode electrically connected to one of a
source electrode and a drain electrode of the tran-
sistor;

an insulating layer in contact with the pixel electrode;
and

a first common electrode in contact with the insulating
layer,

a second substrate facing the first substrate, the second

substrate comprising a second common electrode; and

a liquid crystal layer between the first substrate and the

second substrate,

wherein a potential difference between the first common

electrode and the second common electrode is smaller

than a potential difference between the second common
electrode and the pixel electrode,

wherein the potential difference between the second com-

mon electrode and the pixel electrode is smaller than a

potential difference between the first common electrode

and the pixel electrode,

wherein the liquid crystal layer comprises a liquid crystal

material with negative dielectric anisotropy, and
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wherein a specific resistivity of the liquid crystal material
with negative dielectric anisotropy is greater than or
equal to 1.8x10™ Q-cm and less than or equal to
1.0x10"° Q-cm.

7. The liquid crystal display device according to claim 6,
wherein the crystalline oxide semiconductor film comprises
In, Ga, and Zn.

8. The liquid crystal display device according to claim 6,
wherein a dielectric constant anisotropy of the liquid crystal
material with negative dielectric anisotropy is 3.0.

9. The liquid crystal display device according to claim 6,
further comprising a planarization film between the first
substrate and the pixel electrode.

10. The liquid crystal display device according to claim 6,
further comprising a color film between the second substrate
and the second common electrode.

11. The liquid crystal display device according to claim 6,
wherein the first common electrode and the second common
electrode are connected to different power supply lines.

12. The liquid crystal display device according to claim 6,
wherein c-axes of the crystalline oxide semiconductor film
are aligned in a direction perpendicular to a top surface of
the crystalline oxide semiconductor film.

13. A liquid crystal display device comprising:

a first substrate comprising:

a transistor comprising:
a gate electrode over the first substrate;
a gate insulating film over the gate electrode;
a crystalline oxide semiconductor film over the
gate insulating film; and
a source electrode and a drain electrode over the
crystalline oxide semiconductor film,
a first common electrode over and in direct contact with
the gate insulating film;
an insulating layer over the first common electrode; and
a pixel electrode over the insulating layer, the pixel
electrode electrically connected to one of the source
electrode and the drain electrode,
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a second substrate facing the first substrate, the second

substrate comprising a second common electrode; and

a liquid crystal layer between the first substrate and the

second substrate,

wherein the first common electrode and the second com-

mon electrode are connected to different power supply
lines,

wherein a potential difference between the first common

electrode and the second common electrode is smaller
than a potential difference between the second common
electrode and the pixel electrode,

wherein the potential difference between the second com-

mon electrode and the pixel electrode is smaller than a
potential difference between the first common electrode
and the pixel electrode,
wherein the liquid crystal layer comprises a liquid crystal
material with negative dielectric anisotropy, and

wherein a specific resistivity of the liquid crystal material
with negative dielectric anisotropy is greater than or
equal to 1.8x10"* Q-cm and less than or equal to
1.0x10"° Q-cm.

14. The liquid crystal display device according to claim
13, wherein the crystalline oxide semiconductor film com-
prises In, Ga, and 7n.

15. The liquid crystal display device according to claim
13, wherein a dielectric constant anisotropy of the liquid
crystal material with negative dielectric anisotropy is -3.0.

16. The liquid crystal display device according to claim
13, further comprising a planarization film between the first
substrate and the pixel electrode.

17. The liquid crystal display device according to claim
13, further comprising a color film between the second
substrate and the second common electrode.

18. The liquid crystal display device according to claim
13, wherein c-axes of the crystalline oxide semiconductor
film are aligned in a direction perpendicular to a top surface
of the crystalline oxide semiconductor film.
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