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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD FOR DRIVING THE SAME

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device and a method for driving the liquid crystal display
device. In particular, the present invention relates to a liquid
crystal display device in which images are displayed by a field
sequential method, and a method for driving the liquid crystal
display device.

BACKGROUND ART

[0002] A color filter method and a field sequential method
are known as display methods for liquid crystal display
devices. Ina liquid crystal display device in which images are
displayed by a color filter method, a plurality of subpixels
each having a color filter that transmits only light with a
wavelength of a given color (e.g., red (R), green (G), or blue
(B)) are provided in each pixel. A desired color is produced in
such a manner that transmission of white light is controlled in
each subpixel and a plurality of colors are mixed in each pixel.
On the other hand, in a liquid crystal display device in which
images are displayed by a field sequential method, a plurality
of light sources that emit lights of different colors (e.g., red
(R), green (G), and blue (B)) are provided. A desired color is
produced in such a manner that the plurality of light sources
sequentially emit light and transmission oflight of each color
is controlled in each pixel. In other words, a desired color is
produced by dividing the area of one pixel between lights of
given colors in a color filter method, whereas a desired color
is produced by dividing a display period between lights of
given colors in a field sequential method.

[0003] The field-sequential liquid crystal display device
has the following advantages over the color-filter liquid crys-
tal display device. First, in the field-sequential liquid crystal
display device, it is not necessary to provide subpixels in a
pixel. Thus, the aperture ratio or the number of pixels can be
increased. In addition, in the field-sequential liquid crystal
display device, it is not necessary to provide a color filter. That
is, loss of light due to light absorption in the color filter does
not occur. For that reason, the transmittance can be increased
and power consumption can be reduced.

[0004] Patent Document 1 discloses a field-sequential lig-
uid crystal display device. Specifically, Patent Document 1
discloses a liquid crystal display device that includes pixels
each including a transistor for controlling input of an image
signal, a signal storage capacitor for holding the image signal,
and a transistor for controlling transfer of electric charge from
the signal storage capacitor to a display pixel capacitor. In the
liquid crystal display device having this structure, writing of
an image signal to the signal storage capacitor and display
corresponding to electric charge held at the display pixel
capacitor can be performed concurrently.

REFERENCE

[0005] Patent Document 1: Japanese Published Patent
Application No. 2009-042405

DISCLOSURE OF INVENTION

[0006] In a field-sequential liquid crystal display device,
the frequency of input of an image signal to each pixel needs
to be increased. For example, in the case where images are
displayed by a field sequential method in a liquid crystal
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display device including three kinds of light sources each
emitting one of red (R) light, green (G) light, and blue (B)
light, the frequency of input of an image signal to each pixel
needs to be at least three times that of a color-filter liquid
crystal display device. Specifically, in the case where the
frame frequency is 60 Hz, an image signal needs to be input to
each pixel 60 times per second in the color-filter liquid crystal
display device; whereas an image signal needs to be input to
each pixel 180 times per second in the case where images are
displayed by a field sequential method in the liquid crystal
display device including the three kinds of light sources.
[0007] Note that high-speed response of an element
included in each pixel is required, accompanied by the
increase in the input frequency of image signals. Specifically,
the increase in mobility of a transistor provided in each pixel
is required, for example. However, it is not easy to improve
characteristics of the transistor or the like.

[0008] In view of the above, an object of one embodiment
ofthe presentinvention s to increase the frequency of input of
image signals.

[0009] The object can be achieved in such a manner that
image signals are concurrently supplied to pixels provided in
aplurality of rows among pixels arranged in matrix in a pixel
portion of a liquid crystal display device.

[0010] In other words, one embodiment of the present
invention is a liquid crystal display device which includes a
first signal line, a second signal line, a third signal line, a first
pixel, a second pixel, and a third pixel. The first pixel com-
prises a first transistor, a second transistor, a third transistor,
and a first liquid crystal element. A gate of the first transistor
is electrically connected to a first scan line, and one of a
source and a drain of the first transistor is electrically con-
nected to the first signal line. A gate of the second transistor is
electrically connected to a second scan line, and one of a
source and a drain of the second transistor is electrically
connected to the second signal line. A gate of the third tran-
sistor is electrically connected to a third scan line, and one of
a source and a drain of the third transistor is electrically
connected to the third signal line. One of electrodes of the first
liquid crystal element is electrically connected to the other of
the source and the drain of the first transistor, the other of the
source and the drain of the second transistor, and the other of
the source and the drain of the third transistor. The second
pixel comprises a fourth transistor, a fifth transistor, a sixth
transistor, and a second liquid crystal element. A gate of the
fourth transistor is electrically connected to a fourth scan line,
and one of a source and a drain of the fourth transistor is
electrically connected to the first signal line. A gate ofthe fifth
transistor is electrically connected to a fifth scan line, and one
of a source and a drain of the fifth transistor is electrically
connected to the second signal line. A gate of the sixth tran-
sistor is electrically connected to a sixth scan line, and one of
a source and a drain of the sixth transistor is electrically
connected to the third signal line. One of electrodes of the
second liquid crystal element is electrically connected to the
other of the source and the drain of the fourth transistor, the
other of the source and the drain of the fifth transistor, and the
other of the source and the drain of the sixth transistor. The
third pixel comprises a seventh transistor, an eighth transistor,
a ninth transistor, and a third liquid crystal element. A gate of
the seventh transistor is electrically connected to a seventh
scan line, and one of a source and a drain of the seventh
transistor is electrically connected to the first signal line. A
gate of the eighth transistor is electrically connected to an
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eighth scan line, and one of a source and a drain of the eighth
transistor is electrically connected to the second signal line. A
gate of the ninth transistor is electrically connected to a ninth
scan line, and one of a source and a drain of the ninth tran-
sistor is electrically connected to the third signal line. One of
electrodes of the third liquid crystal element is electrically
connected to the other of the source and the drain of the
seventh transistor, the other of the source and the drain of the
eighth transistor, and the other of the source and the drain of
the ninth transistor. Further, from the first signal line, a first
image signal is supplied in a first horizontal scan period
included in a first sampling period, a second image signal is
supplied in a first horizontal scan period included in a second
sampling period, and a third image signal is supplied in a first
horizontal scan period included in a third sampling period.
From the second signal line, a fourth image signal is supplied
in the first horizontal scan period included in the first sam-
pling period, a fifth image signal is supplied in the first hori-
zontal scan period included in the second sampling period,
and a sixth image signal is supplied in the first horizontal scan
period included in the third sampling period. From the third
signal line, a seventh image signal is supplied in the first
horizontal scan period included in the first sampling period,
an eighth image signal is supplied in the first horizontal scan
period included in the second sampling period, and a ninth
image signal is supplied in the first horizontal scan period
included in the third sampling period. Additionally, in the first
horizontal scan period included in the first sampling period, a
selection signal is supplied to the first scan line, the fifth scan
line, and the ninth scan line, and a non-selection signal is
supplied to the second scan line, the third scan line, the fourth
scan line, the sixth scan line, the seventh scan line, and the
eighth scan line. In the first horizontal scan period included in
the second sampling period, a selection signal is supplied to
the third scan line, the fourth scan line, and the eighth scan
line, and a non-selection signal is supplied to the first scan
line, the second scan line, the fifth scan line, the sixth scan
line, the seventh scan line, and the ninth scan line. In the first
horizontal scan period included in the third sampling period,
a selection signal is supplied to the second scan line, the sixth
scan line, and the seventh scan line, and a non-selection signal
is supplied to the first scan line, the third scan line, the fourth
scan line, the fifth scan line, the eighth scan line, and the ninth
scan line. Note that the first scan line, the fourth scan line, and
the seventh scan line are electrically connected to a first shift
register, and the selection signal and the non-selection signal
are supplied from the first shift register. The second scan line,
the fifth scan line, and the eighth scan line are electrically
connected to a second shift register, and the selection signal
and the non-selection signal are supplied from the second
shift register. The third scan line, the sixth scan line, and the
ninth scan line are electrically connected to a third shift reg-
ister, and the selection signal and the non-selection signal are
supplied from the third shift register.

[0011] According to one embodiment of the present inven-
tion, a liquid crystal display device includes a first signal line
supplied with a first image signal in a first horizontal scan
period in a first sampling period, and supplied with a second
image signal in a second horizontal scan period in a second
sampling period; a second signal line supplied with a third
image signal in the first horizontal scan period, and supplied
with a fourth image signal in the second horizontal scan
period,; a first scan line and a second scan line supplied with a
selection signal in the first horizontal scan period, and sup-
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plied with anon-selection signal in the second horizontal scan
period; a third scan line and a fourth scan line supplied with a
non-selection signal in the first horizontal scan period, and
supplied with a selection signal in the second horizontal scan
period; a first pixel electrically connected to the first signal
line, the second signal line, the first scan line, and the third
scan line, supplied with the first image signal in the first
horizontal scan period, and supplied with the fourth image
signal in the second horizontal scan period; a second pixel
electrically connected to the first signal line, the second signal
line, the second scan line, and the fourth scan line, supplied
with the third image signal in the first horizontal scan period,
and supplied with the second image signal in the second
horizontal scan period; a first shift register configured to
supply the selection signal to the first scan line in the first
horizontal scan period and supply the selection signal to the
fourth scan line in the second horizontal scan period; and a
second shift register configured to supply the selection signal
to the second scan line in the first horizontal scan period and
supply the selection signal to the third scan line in the second
horizontal scan period.

[0012] According to another embodiment of the present
invention, a liquid crystal display device includes a first signal
line supplied with a first image signal in a first horizontal scan
period in a first sampling period, and supplied with a second
image signal in a second horizontal scan period in a second
sampling period; a second signal line supplied with a third
image signal in the first horizontal scan period, and supplied
with a fourth image signal in the second horizontal scan
period; a first scan line and a second scan line supplied with a
selection signal in the first horizontal scan period and the
second horizontal scan period; a first pixel electrically con-
nected to the first signal line and the first scan line, supplied
with the first image signal in the first horizontal scan period,
and supplied with the second image signal in the second
horizontal scan period; a second pixel electrically connected
to the second signal line and the second scan line, supplied
with the third image signal in the first horizontal scan period,
and supplied with the fourth image signal in the second hori-
zontal scan period; a first shift register configured to supply
the selection signal to the first scan line in the first horizontal
scan period and the second horizontal scan period; and a
second shift register configured to supply the selection signal
to the second scan line in the first horizontal scan period and
the second horizontal scan period.

[0013] Note that in a liquid crystal display device, AC volt-
ageis applied to a liquid crystal element provided in a pixel in
order to prevent deterioration of liquid crystal (called burn-
in). For that reason, a transistor used in a pixel portion pref-
erably has a withstand voltage higher than or equal to about
ten and several volts. Moreover, the off-state current of the
transistor needs to be low in order to maintain a voltage held
at the liquid crystal element. In contrast, for a transistor used
in a signal line driver circuit, high-speed operation is more
important than high withstand voltage in order to keep high
quality of images displayed in the liquid crystal display
device.

[0014] Inview ofthe above, a transistor including a channel
formation region formed using an oxide semiconductor is
used in a pixel portion in a liquid crystal display device
according to one embodiment of the present invention. The
bandgap of the oxide semiconductor is 3.0 eV to 3.5 eV,
which is about three times that of silicon. The wide band gap
of the oxide semiconductor is advantageous in increasing the
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withstand voltage of the transistor. In addition, an oxide semi-
conductor that is purified by reduction in concentration of
impurities such as moisture or hydrogen, which serves as
electron donors (donors), that is, a purified OS is an intrinsic
semiconductor (an i-type semiconductor) or a substantially
intrinsic semiconductor. Therefore, a transistor including the
purified oxide semiconductor has very low off-state current in
addition to high withstand voltage.

[0015] Furthermore, in the liquid crystal display device
according to one embodiment of the present invention, a
transistor including a crystalline semiconductor such as poly-
crystalline or single crystal silicon or polycrystalline or single
crystal germanium is used in a driver circuit that needs to
operate at higher speed than the pixel portion, such as a signal
line driver circuit. The crystalline semiconductor has higher
mobility than the oxide semiconductor. Accordingly, a signal
line driver circuit can operate at high speed by using the
crystalline semiconductor for a transistor.

[0016] By employing different semiconductors and differ-
ent processes for a circuit that needs to operate at high speed
and a circuit that needs to have high withstand voltage as
described above, semiconductor elements with optimum
structures can be separately formed in accordance with fea-
tures required for the circuits, without complication of the
processes.

[0017] In ascan line driver circuit, a transistor including a
crystalline semiconductor such as a polycrystalline semicon-
ductor or a single crystal semiconductor may be used as in the
signal line driver circuit, or a transistor in which a channel
formation region is formed using an oxide semiconductor
may be used as in the pixel portion.

[0018] A transistor including a crystalline semiconductor
such as polycrystalline or single crystal silicon or polycrys-
talline or single crystal germanium can be formed using a
silicon wafer, an SOI (silicon on insulator) substrate, a poly-
crystalline semiconductor film formed on an insulating sur-
face, or the like.

[0019] An SOI substrate can be manufactured by, for
example, an attachment method such as UNIBOND (regis-
tered trademark) typified by Smart Cut (registered trade-
mark), epitaxial layer transfer (ELTRAN, registered trade-
mark), a dielectric separation method, or plasma assisted
chemical etching (PACE); or separation by implanted oxygen
(SIMOX).

[0020] A semiconductor film of silicon deposited over a
substrate having an insulating surface may be crystallized by
a known technique. Examples of a known technique of crys-
tallization are a laser crystallization method using a laser
beam and a crystallization method using a catalytic element.
Alternatively, a crystallization method using a catalytic ele-
ment and a laser crystallization method may be used in com-
bination. In the case where a substrate with high heat resis-
tance, such as a quartz substrate, is used, it is possible to
combine any of the following crystallization methods: a ther-
mal crystallization method with an electrically heated oven, a
lamp anneal crystallization method with infrared light, a crys-
tallization method with a catalytic element, and high tempera-
ture annealing method at about 950° C.

[0021] Inthe liquid crystal display device according to one
embodiment of the present invention, image signals can be
concurrently supplied to pixels placed in a plurality of rows
among pixels arranged in matrix. Thus, the frequency ofinput
of an image signal to each pixel can be increased without
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change in response speed of a transistor or the like included in
the liquid crystal display device.

BRIEF DESCRIPTION OF DRAWINGS

[0022] In the accompanying drawings:

[0023] FIG. 1A illustrates a structural example of a liquid
crystal display device, and FIG. 1B illustrates a configuration
example of a pixel;

[0024] FIG. 2 illustrates a structural example of a scan line
driver circuit;

[0025] FIG. 3 illustrates output signals of shift registers;
[0026] FIG. 4A illustrates a structural example of a signal
line driver circuit, and FIG. 4B illustrates a structural example
of a backlight;

[0027] FIG. 5 illustrates an operation example of a liquid

crystal display device;

[0028] FIG. 6A illustrates a structural example of a liquid
crystal display device, and FIGS. 6B to 6D each illustrate a
configuration example of a pixel,

[0029] FIG. 7A illustrates a structural example of a scan
line driver circuit, and FIG. 7B illustrates output signals of
shift registers;

[0030] FIG. 8 illustrates a structural example of a signal
line driver circuit;

[0031] FIG. 9 is a cross-sectional view illustrating an
example of a transistor;

[0032] FIG. 10 shows characteristics of a transistor;
[0033] FIG. 11 is a circuit diagram for evaluating charac-
teristics of a transistor;

[0034] FIG. 12 is a timing chart for evaluating characteris-
tics of a transistor;

[0035] FIG. 13 shows characteristics of a transistor;
[0036] FIG. 14 shows characteristics of a transistor;
[0037] FIG. 15 shows characteristics of a transistor;
[0038] FIGS. 16A to 16C are cross-sectional views each

illustrating an example of a transistor;

[0039] FIG. 17 illustrates a specific example of a cross
section of a pixel;

[0040] FIGS.18A to 18C eachillustrate a specific example
of connection between terminals;

[0041] FIGS. 19A to 19C are perspective views each illus-
trating a specific example of a liquid crystal display device;
[0042] FIGS. 20A and 20B are a top view and a cross-
sectional view illustrating a specific example ofa liquid crys-
tal display device;

[0043] FIG. 21 is a perspective view illustrating a specific
example of a liquid crystal display device;

[0044] FIGS. 22A and 22B each illustrate a specific
example of a touch panel,

[0045] FIGS.23A and 23B illustrate a specific example of
a touch panel;
[0046] FIGS. 24A to 24D are cross-sectional views illus-

trating a specific example of a process for manufacturing a
transistor; and

[0047] FIGS. 25A to 25F each illustrate an example of an
electronic device.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0048] Embodiments of the present invention will be
described below in detail with reference to the accompanying
drawings. Note that the present invention is not limited to the
description below, and it is easily understood by those skilled



US 2011/0248978 Al

in the art that a variety of changes and modifications can be
made without departing from the spirit and scope of the
present invention. Therefore, the present invention should not
be construed as being limited to the description of the
embodiments.

Embodiment 1

[0049] In this embodiment, an example of a liquid crystal
display device in which images are displayed by a field
sequential method will be described with reference to FIGS.
1A and 1B, FIG. 2, FIG. 3, FIGS. 4A and 4B, and FIG. 5.

(Structural Example of Liquid Crystal Display Device)

[0050] FIG. 1A illustrates a structural example of a liquid
crystal display device. The liquid crystal display device in
FIG. 1A includes a pixel portion 10; a scan line driver circuit
11; a signal line driver circuit 12; 3n scan lines 131, 3n scan
lines 132, and 3n scan lines 133 (n is a natural number of 2 or
more) arranged parallel or approximately parallel to each
other; and m signal lines 141, m signal lines 142, and m signal
lines 143 (m is a natural number of 2 or more) arranged
parallel or approximately parallel to each other. The poten-
tials of the scan lines 131, 132, and 133 are controlled by the
scan line driver circuit 11. The potentials of the signal lines
141, 142, and 143 are controlled by the signal line driver
circuit 12.

[0051] Thepixel portion 10 includes a plurality of pixels 15
arranged in matrix (3n rows and m columns). Each of the scan
lines 131, 132, and 133 is electrically connected to m pixels
15 arranged in a given row among the plurality of pixels 15
arranged in matrix (3n rows and m columns). Each of the
signal lines 141, 142, and 143 is electrically connected to 3n
pixels 15 arranged in a given column among the plurality of
pixels 15 arranged in matrix (3n rows and m columns).
[0052] To the scan line driver circuit 11, start signals (GSP1
to GSP3) for the scan line driver circuit, a clock signal (GCK)
for the scan line driver circuit, and drive power supplies such
as a high power supply potential (VDD) and a low power
supply potential (VSS) are input from the outside. To the
signal line driver circuit 12, signals such as a start signal
(SSP) for the signal line driver circuit, a clock signal (SCK)
for the signal line driver circuit, and image signals (DATA1 to
DATA3) and drive power supplies such as a high power sup-
ply potential and a low power supply potential are input from
the outside.

[0053] FIG. 1B illustrates an example of a circuit configu-
ration of the pixel 15. The pixel 15 in FIG. 1B includes a
transistor 151, a transistor 152, a transistor 153, a capacitor
154, and a liquid crystal element 155. A gate of the transistor
151 is electrically connected to the scan line 131. One of a
source and a drain of the transistor 151 is electrically con-
nected to the signal line 141. A gate of the transistor 152 is
electrically connected to the scan line 132. One of a source
and a drain of the transistor 152 is electrically connected to
the signal line 142. A gate of the transistor 153 is electrically
connected to the scan line 133. One of a source and a drain of
the transistor 153 is electrically connected to the signal line
143. One electrode of the capacitor 154 is electrically con-
nected to the other of the source and the drain of each of the
transistors 151 to 153. The other electrode of the capacitor
154 is electrically connected to a wiring that supplies a
capacitor potential. One electrode of the liquid crystal ele-
ment 155 is electrically connected to the other of the source
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and the drain of each of the transistors 151 to 153 and one
electrode of the capacitor 154. The other electrode of the
liquid crystal element 155 is electrically connected to a wir-
ing that supplies a counter potential.

(Structural Example of Scan Line Driver Circuit 11)

[0054] FIG. 2 illustrates a structural example of the scan
line driver circuit 11 included in the liquid crystal display
device in FIG. 1A. The scan line driver circuit 11 illustrated in
FIG. 2 includes three shift registers 111 to 113 each having 3n
output terminals. Each output terminal of the shift register
111 is electrically connected to one of the 3n scan lines 131
placed in the pixel portion 10. Each output terminal of the
shift register 112 is electrically connected to one of the 3n
scan lines 132 placed in the pixel portion 10. Each output
terminal of the shift register 113 is electrically connected to
one of the 3n scan lines 133 placed in the pixel portion 10. In
other words, the shift register 111 drives the scan lines 131,
the shift register 112 drives the scan lines 132; and the shift
register 113 drives the scan lines 133. Specifically, the shift
register 111 has a function of sequentially shifting selection
signals from the scan line 131 in a first row (i.e., a function of
sequentially selecting the scan lines 131 every % cycle of the
clock signal (GCK)) by using the first start signal (GSP1)
input from the outside, as a trigger. The shift register 112 has
a function of sequentially shifting selection signals from the
scan line 132 in the first row, by using the second start signal
(GSP2) input from the outside, as a trigger. The shift register
113 has a function of sequentially shifting selection signals
from the scan line 133 in the first row, by using the third start
signal (GSP3) input from the outside, as a trigger.

(Operation Example of Scan Line Driver Circuit 11)

[0055] An operation example of the scan line driver circuit
11 will be described with reference to F1G. 3. FIG. 3 shows
the clock signal (GCK), signals (SR111out) output from the
3n output terminals of the shift register 111, signals
(SR1120ut) output from the 3n output terminals of the shift
register 112, and signals (SR113out) output from the 3n out-
put terminals of the shift register 113. Here, a sampling period
means a period required to input any image signals to all
pixels arranged in all the rows (from the first row to the 3n-th
row).

[0056] In a sampling period (t1), in the shift register 111,
high-level potentials are sequentially shifted every %2 clock
cycle (every horizontal scan period) from the scan line 131 in
the first row to the scan line 131 in an n-th row. In the shift
register 112, high-level potentials are sequentially shifted
every Y2 clock cycle (every horizontal scan period) from the
scan line 132 in an (n+1)th row to the scan line 132 in a 2n-th
row. In the shift register 113, high-level potentials are sequen-
tially shifted every %2 clock cycle (every horizontal scan
period) from the scan line 133 in a (2n+1)th row to the scan
line 133 in a 3n-th row. Accordingly, the scan line driver
circuit 11 sequentially selects m pixels 15 in the first row to m
pixels 15 in the n-th row through the scan lines 131, sequen-
tially selects m pixels 15 in the (n+1)th row to m pixels 15 in
the 2n-th row through the scan lines 132, and sequentially
selects m pixels 15 in the (2n+1)th row to m pixels 15 in the
3n-th row through the scan lines 133. That is, the scan line
driver circuit 11 can supply selection signals to 3m pixels 15
provided in three different rows every horizontal scan period.
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[0057] Inasampling period (t2), although output signals of
the shift registers 111 to 113 are different from those in the
sampling period (t1), the following operations are the same as
those in the sampling period (W. That is, one of the shift
registers 111 to 113 (the shift register 113 in the sampling
period (t2)) sequentially selects m pixels 15 in the first row to
m pixels 15 in the n-th row; another one of the shift registers
111 to 113 (the shift register 111 in the sampling period (2))
sequentially selects m pixels 15 in the (n+1)th row to m pixels
15 in the 2n-th row; and the other of the shift registers 111 to
113 (the shift register 112 in the sampling period (12)) sequen-
tially selects m pixels 15 in the (2n+1)th row to m pixels 15 in
the 3n-th row. In other words, as in the sampling period (t1),
the scan line driver circuit 11 can supply selection signals to
3m pixels 15 in given three rows every horizontal scan period.

(Structural Example of Signal Line Driver Circuit 12)

[0058] FIG.4A illustrates a structural example of the signal
line driver circuit 12 included in the liquid crystal display
device in FIG. 1A. The signal line driver circuit 12 in FIG. 4A
includes a shift register 120 having m output terminals, m
transistors 121, m transistors 122, and m transistors 123. A
gate of the transistor 121 is electrically connected to the j-th
output terminal (j is a natural number of 1 or more and m or
less) of the shift register 120. One of a source and a drain of
the transistor 121 is electrically connected to a wiring that
supplies the first image signal (DATA1). The other of the
source and the drain of the transistor 121 is electrically con-
nected to the signal line 141 in the j-th column in the pixel
portion 10. A gate of the transistor 122 is electrically con-
nected to the j-th output terminal of the shift register 120. One
of a source and a drain of the transistor 122 is electrically
connected to a wiring that supplies the second image signal
(DATA2). The other of the source and the drain of the tran-
sistor 122 is electrically connected to the signal line 142 in the
j-th column in the pixel portion 10. A gate of the transistor 123
is electrically connected to the j-th output terminal of the shift
register 120. One of a source and a drain of the transistor 123
is electrically connected to a wiring that supplies the third
image signal (DATA3). The other of the source and the drain
of the transistor 123 is electrically connected to the signal line
143 in the j-th column in the pixel portion 10.

[0059] Note that here, as the first image signal (DATA1), a
red (R) image signal (an image signal for controlling trans-
mission of red (R) light) is supplied to the signal line 141. As
the second image signal (DATA?2), ablue (B) image signal (an
image signal for controlling transmission of blue (B) light) is
supplied to the signal line 142. As the third image signal
(DATA3), a green (G) image signal (an image signal for
controlling transmission of green (G) light) is supplied to the
signal line 143.

(Structural Example of Backlight)

[0060] FIG. 4B illustrates a structural example of a back-
light provided behind the pixel portion 10 in the liquid crystal
display device illustrated in FIG. 1A. The backlight in FIG.
4B includes a plurality of backlight units 16 each including
light sources that emit lights of three colors of red (R), green
(G), and blue (B). The plurality of backlight units 16 are
arranged in matrix, and lighting of the backlight units can be
controlled in each given region. Here, as the backlight for the
plurality of pixels 15 of 3n rows and m columns, a backlight
unit group is provided at least every k rows and m columns
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(here, k is n/4), and it is possible to control lighting of these
backlight unit groups independently. That is, the backlight
includes at least a backlight unit group for first to k-th rows to
a backlight unit group for (3n-k+1)th to 3n-th rows, and it is
possible to control lighting of each backlight unit group inde-
pendently.

(Operation Example of Liquid Crystal Display Device)

[0061] FIG. Sillustrates timings of lighting of the backlight
unit group for the first to k-th rows to the backlight unit group
for the (3n-k+1)th to 3n-th rows that are included in the
backlight, and timings of supply of image signals to from m
pixels in the first row to m pixels in the 3n-th row in the pixel
portion 10 in the above liquid crystal display device. Specifi-
cally, in FIG. 5, “1” to “3n” indicate the number of rows and
solid lines indicate timing of input of image signals to rows. In
the liquid crystal display device, image signals can be input to
each pixel in the sampling period (t1) in the following man-
ner: m pixels 15 in the first row to m pixels 15 in the n-th row
are sequentially selected; m pixels 15 in the (n+1)th row to m
pixels 15 in the 2n-th row are sequentially selected; and m
pixels 15 in the (2n+1)th row to m pixels 15 in the 3n-th row
are sequentially selected. Specifically, in the liquid crystal
display device, in the sampling period (t1), transistors 151
included in the m pixels 15 in the first row to transistors 151
included in the m pixels 15 in the n-th row are sequentially
turned on through the scan lines 131 so that red (R) image
signals can be sequentially input to the pixels through the
signal line 141; transistors 152 included in the m pixels 15 in
the (n+1)th row to transistors 152 included in the m pixels 15
in the 2n-th row are sequentially turned on through the scan
lines 132 so that blue (B) image signals can be sequentially
input to the pixels through the signal line 142; and transistors
153 included in the m pixels 15 in the (2n+1)th row to tran-
sistors 153 included in the m pixels 15 in the 3n-th row are
sequentially turned on through the scan lines 133 so that green
(G) image signals can be sequentially input to the pixels
through the signal line 143.

[0062] Further, in the liquid crystal display device, in the
sampling period (t1), red (R) light can be emitted from the
backlight unit group for the first to k-th rows after input of red
(R) image signals to the m pixels 15 in the first row to the m
pixels 15 in the n-th row is finished; blue (B) light can be
emitted from the backlight unit group for the (n+1)thto (n+k)
throws after input of blue (B) image signals to the m pixels 15
in the (n+1)th row to the m pixels 15 in the (n+k)th row is
finished; and green (G) light can be emitted from the back-
light unit group for the (2n+1)th to (2r+k)th rows after input
of green (G) image signals to the m pixels 15 in the (2n+1)th
row to the m pixels 15 in the 2(n+k)th row is finished. That is,
in the liquid crystal display device, supply of selection signals
and supply of light of a given color can be concurrently
performed in each region (in the first to n-th rows, the (n+1)th
to 2n-th rows, and the (2n+1)th to 3n-th rows).

(Liquid Crystal Display Device Disclosed in this Specifica-
tion)

[0063] In the liquid crystal display device disclosed in this
specification, image signals can be concurrently supplied to
pixels placed ina plurality of rows among the pixels arranged
in matrix. Thus, the frequency of input of an image signal to
each pixel can be increased without change in response speed
of a transistor or the like included in the liquid crystal display
device. Specifically, in the liquid crystal display device, the
frequency of input of an image signal to each pixel can be
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tripled without change in clock frequency or the like of the
scan line driver circuit. In other words, the liquid crystal
display device is preferably applied to a field-sequential lig-
uid crystal display device or a liquid crystal display device
driven by high frame rate driving.

[0064] The liquid crystal display device disclosed in this
specification is preferably applied to a field-sequential liquid
crystal display device because of the following reasons. As
described above, in a field-sequential liquid crystal display
device, a display period is divided between lights of given
colors. For that reason, display perceived by a user is some-
times changed (degraded) from display based on original
display data (such a phenomenon is also referred to as color
breaks) because of a lack of a given piece of display data due
to temporary interruption of display, such as a blink of the
user. An increase in frame frequency is effective in reducing
color breaks. Further, in order to display images by a field
sequential method, the frequency of input of an image signal
to each pixel needs to be higher than the frame frequency. For
that reason, in the case where images are displayed with a
field sequential method and high frame frequency driving in
a conventional liquid crystal display device, requirements for
performance (high-speed response) of elements in the liquid
crystal display device are extremely strict. In contrast, in the
liquid crystal display device disclosed in this specification,
the frequency of input of an image signal to each pixel can be
increased regardless of characteristics of elements. There-
fore, color breaks in the field-sequential liquid crystal display
device can be easily suppressed.

[0065] In addition, in the case where images are displayed
by a field sequential method, it is preferable that backlight
unit groups concurrently emit lights of different colors in
regions as illustrated in FIG. 5 because of the following
reasons. In the case wherelight of one color is supplied for the
entire screen, the pixel portion only has data on a specific
color at a given moment. Therefore, a lack of display data in
agiven period dueto a blink ofthe user or the like corresponds
to a lack of data on a specific color. In contrast, in the case
where backlight units emit lights of different colors in
regions, the pixel portion has data on the colors at a given
moment. Therefore, a lack of display data in a given period
due to a blink of the user or the like does not correspond to a
lack of data on a specific color. In other words, color breaks
can be reduced when backlight units emit lights of different
colors in regions. Furthermore, in the case where the back-
light unit groups are lit as illustrated in FIG. 5, adjacent
backlight unit groups do not emit light of a different color.
Specifically, in the sampling period (t1), when the backlight
unit group for the (n+1)th to (n+k)th rows emits blue (B) light
after input of blue (B) image signals to the m pixels 15 in the
(n+1)th row to the m pixels 15 in the (n+k)th row is finished,
the backlight unit group for the (3k+1)th to n-th rows and the
backlight unit group for the (n+k+1)th to (n+2k)th rows emit
blue (B) light or do not emit light at all (i.e., do not emit either
red (R) light or green (G) light). Thus, it is possible to
decrease the probability that light with a color other than a
specific color is transmitted through a pixel to which image
data of the specific color is input.

(Variations)

[0066] The liquid crystal display device having the above-
described structure is one embodiment of the present inven-
tion; the present invention further includes a liquid crystal
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display device that is different from the liquid crystal display
device having the above-described structure.

[0067] Forexample, the above liquid crystal display device
has the structure in which image signals are concurrently
supplied to 3m pixels in given three rows in the pixel portion
10; however, the liquid crystal display device of the present
invention is not limited to having this structure. That is, in the
liquid crystal display device of the present invention, image
signals can be concurrently supplied to a plurality of pixels in
given plural rows in the pixel portion 10. Note that it is
obvious that in the case where the number of rows is changed,
the number of shift registers and the number of rows need to
the same.

[0068] Theliquid crystal display device has the structure in
which image signals are concurrently supplied to pixels in
given three rows provided at regular intervals (the interval
between the rows supplied with image signals corresponds to
nrows of pixels); however, the liquid crystal display device of
the present invention is not limited to having this structure.
That is, the liquid crystal display device of the present inven-
tion can have a structure in which image signals are concur-
rently supplied to pixels in given three rows provided at
irregular intervals. Specifically, the liquid crystal display
device can have a structure in which image signals are con-
currently supplied to m pixels in the first row, m pixels in an
(a+1)th row (a is a natural number), and m pixels in an
(a+b+1)th row (b is a natural number other than a).

[0069] Moreover, in the liquid crystal display device, the
scan line driver circuit is constituted by a shift register; the
shift register can be replaced with a circuit having an equiva-
lent function. For example, the shift register can be replaced
with a decoder.

[0070] In the liquid crystal display device, light sources
each emitting one of red (R) light, green (G) light, and blue
(B) light are used for the backlight; however, the liquid crystal
display device of the present invention is not limited to having
this structure. That 1s, in the liquid crystal display device of
the present invention, light sources that emit lights of given
colors can be used in combination. For example, it is possible
to use a combination of four kinds of light sources of red (R),
green (G), blue (B), and white (W); or a combination of three
kinds of light sources of cyan, magenta, and yellow. More-
over, it 1s possible to use a combination of six kinds of light
sources of palered (R), pale green (G), pale blue (B), dark red
(R), dark green (G), and dark blue (B); or a combination of six
kinds of light sources of red (R), green (G), blue (B), cyan,
magenta, and yellow. In such a manner, with a combination of
lights of a wider variety of colors, the color gamut of the
liquid crystal display device can be enlarged, and the image
quality can be improved.

[0071] The liquid crystal display device includes the
capacitor for holding a voltage applied to the liquid crystal
element (see FIG. 1B); alternatively, it is possible to employ
a structure in which the capacitor is not provided.

[0072] Intheliquid crystal display device, light sources that
emit lights of three colors of red (R), green (G), and blue (B)
are aligned linearly and horizontally as the backlight unit (see
FIG. 4B); however, the structure of the backlight unit is not
limited to this. For example, light sources that emit lights of
three colors may be arranged in triangle or aligned linearly
and vertically, or a red (R) light source, a green (G) light
source, and a blue (B) light source may be separately pro-
vided. Further, the liquid crystal display device includes a
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direct-type backlight as the backlight (see FIG. 4B); alterna-
tively, an edge-lit backlight can be used as the backlight.

Embodiment 2

[0073] Inthisembodiment, an example of a field-sequential
liquid crystal display device having a structure different from
that in Embodiment 1 will be described with reference to
FIGS. 6A to 6D, FIGS. 7A and 7B, and FIG. 8.

(Structural Example of Liquid Crystal Display Device)

[0074] FIG. 6A illustrates a structural example of a liquid
crystal display device. The liquid crystal display device in
FIG. 6A includes a pixel portion 30; a scan line driver circuit
31; a signal line driver circuit 32; 3n scan lines 33 (n is a
natural number of 2 or more) arranged parallel or approxi-
mately parallel to each other; and m signal lines 341, m signal
lines 342, and m signal lines 343 (m is a natural number of 2
or more) arranged parallel or approximately parallel to each
other. The potentials of the scan lines 33 are controlled by the
scan line driver circuit 31. The potentials of the signal lines
341, 342, and 343 are controlled by the signal line driver
circuit 32.

[0075] The pixel portion 30 is divided into three regions
(regions 301 to 303), and each region includes a plurality of
pixels arranged in matrix (n rows and m columns). Each of the
scan lines 33 is electrically connected to m pixels arranged in
a given row among the plurality of pixels arranged in matrix
(3n rows and m columns) in the pixel portion 30. Each of the
signal lines 341 is electrically connected to n pixels arranged
in a given column among the plurality of pixels arranged in
matrix (n rows and m columns) in the region 301. Each of the
signal lines 342 is electrically connected to n pixels arranged
in a given column among the plurality of pixels arranged in
matrix (n rows and m columns) in the region 302. Each of the
signal lines 343 is electrically connected to n pixels arranged
in a given column among the plurality of pixels arranged in
matrix (0 rows and m columns) in the region 303.

[0076] To the scan line driver circuit 31, a start signal (GSP)
for the scan line driver circuit, a clock signal (GCK) for the
scan line driver circuit, and drive power supplies such as a
high power supply potential and a low power supply potential
are input from the outside. To the signal line driver circuit 32,
signals such as a start signal (SSP) for the signal line driver
circuit, a clock signal (SCK) for the signal line driver circuit,
and image signals (datal to data3) and drive power supplies
such as a high power supply potential and a low power supply
potential are input from the outside.

[0077] FIGS. 6B to 6D each illustrate an example of a
circuit configuration of the pixel. Specifically, FIG. 6B illus-
trates an example of a circuit configuration of a pixel 351
placed in the region 301; FIG. 6C illustrates an example of a
circuit configuration of a pixel 352 placed in the region 302;
and FIG. 6D illustrates an example of a circuit configuration
of a pixel 353 placed in the region 303. The pixel 351 in FIG.
6B includes a transistor 3511, a capacitor 3512, and a liquid
crystal element 3514. A gate of the transistor 3511 is electri-
cally connectedto the scan line 33. One of asource and a drain
of the transistor 3511 is electrically connected to the signal
line 341. One electrode of the capacitor 3512 is electrically
connected to the other of the source and the drain of the
transistor 3511. The other electrode of the capacitor 3512 is
electrically connected to a wiring that supplies a capacitor
potential. One electrode of the liquid crystal element 3514 is
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electrically connected to the other of the source and the drain
of the transistor 3511 and one electrode of the capacitor 3512.
The other electrode of the liquid crystal element 3514 is
electrically connected to a wiring that supplies a counter
potential.

[0078] The pixel 352 in FIG. 6C and the pixel 353 in FIG.
6D have the same circuit configuration as the pixel 351 in
FIG. 6B. Note that the pixel 352 in FIG. 6C is different from
the pixel 351 in FIG. 6B in that one of a source and a drain of
a transistor 3521 is electrically connected to the signal line
342 instead of the signal line 341. The pixel 353 in FIG. 6D is
different from the pixel 351 in FIG. 6B in that one of a source
and a drain of the transistor 3531 is electrically connected to
the signal line 343 instead of the signal line 341.

(Structural Example of Scan Line Driver Circuit 31)

[0079] FIG. 7A illustrates a structural example of the scan
line driver circuit 31 included in the liquid crystal display
device in FIG. 6A. The scan line driver circuit 31 illustrated in
FIG. 7A includes three shift registers 311 to 313 each having
n output terminals. Each output terminal of the shift register
311 is electrically connected to one of n scan lines 33 placed
in the region 301. Each output terminal of the shift register
312 is electrically connected to one of n scan lines 33 placed
in the region 302. Each output terminal of the shift register
313 is electrically connected to one of n scan lines 33 placed
in the region 303. In other words, the shift register 311 sup-
plies selection signals in the region 301; the shift register 312
supplies selection signals in the region 302; and the shift
register 313 supplies selection signals in the region 303. Spe-
cifically, the shift register 311 has a function of sequentially
shifting selection signals from the scan line 33 in a first row
(i.e., a function of sequentially selecting the scan lines 33
every %2 cycle of the clock signal (GCK)) by using the start
signal (GSP) input from the outside, as a trigger. The shift
register 312 has a function of sequentially shifting selection
signals from the scan line 33 in an (n+1)-th row, by using the
start signal (GSP) input from the outside, as a trigger. The
shift register 313 has a function of sequentially shifting selec-
tion signals from the scan line 33 ina (2n+1)-th row, by using
the start signal (GSP) input from the outside, as a trigger.

(Operation Example of Scan Line Driver Circuit 31)

[0080] An operation example of the scan line driver circuit
31 will be described with reference to FIG. 7B. FIG. 7B
shows the clock signal (GCK), signals (SR311out) output
from the n output terminals of the shift register 311, signals
(SR3120ut) output from the n output terminals of the shift
register 312, and signals (SR313out) output from the n output
terminals of the shift register 313.

[0081] In asampling period (T1), in the shift register 311,
high-level potentials are sequentially shifted every %2 clock
cycle (every horizontal scan period) from the scan line 33 in
the first row to the scan line 33 in an n-th row. In the shift
register 312, high-level potentials are sequentially shifted
every Y2 clock cycle (every horizontal scan period) from the
scan line 33 in an (n+1)th row to the scan line 33 in a 2n-th
row. In the shift register 313, high-level potentials are sequen-
tially shifted every Y2 clock cycle (every horizontal scan
period) from the scan line 33 in a (2n+1)th row to the scan line
33 in a 3n-th row. Accordingly, the scan line driver circuit 31
sequentially selects m pixels 351 in the first row to m pixels
351 in the n-th row, sequentially selects m pixels 352 in the
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(n+1)th row to m pixels 352 in the 2n-th row, and sequentially
selects m pixels 353 in the (2n+1)th row to m pixels 353 in the
3n-th row through the scan lines 33. That is, the scan line
driver circuit 31 can supply selection signals to 3m pixels
provided in three different rows every horizontal scan period.
[0082] In a sampling period (T2) and a sampling period
(T3), the operations of the shift registers 311 to 313 are the
same as the operations in the sampling period (T1). That is, as
in the sampling period (T1), the scan line driver circuit 31 can
supply selection signals to 3m pixels provided in given three
rows every horizontal scan period.

(Structural Example of Signal Line Driver Circuit 32)

[0083] FIG. 8 illustrates a structural example of the signal
line driver circuit 32 included in the liquid crystal display
device in FIG. 6A. The signal line driver circuit 32 in FIG. 8
includes a shift register 320 having m output terminals, m
transistors 321, m transistors 322, and m transistors 323. A
gate of the transistor 321 is electrically connected to the j-th
output terminal (j is a natural number of 1 to m) of the shift
register 320. One of a source and a drain of the transistor 321
is electrically connected to a wiring that supplies the first
image signal (datal). The other of the source and the drain of
the transistor 321 is electrically connected to the signal line
341 in the j-th column in the pixel portion 30. A gate of the
transistor 322 is electrically connected to the j-th output ter-
minal of the shift register 320. One of a source and a drain of
the transistor 322 is electrically connected to a wiring that
supplies the second image signal (data2). The other of the
source and the drain of the transistor 322 is electrically con-
nected to the signal line 342 in the j-th column in the pixel
portion 30. A gate of the transistor 323 is electrically con-
nected to the j-th output terminal of the shift register 320. One
of a source and a drain of the transistor 323 is electrically
connected to a wiring that supplies the third image signal
(data3). The other of the source and the drain of the transistor
323 is electrically connected to the signal line 343 in the j-th
column in the pixel portion 30.

[0084] Note that here, as the first image signal (datal), ared
(R) image signal (an image signal for controlling transmis-
sion of red (R) light), a green () image signal (an image
signal for controlling transmission of green (G) light), and a
blue (B) image signal (an image signal for controlling trans-
mission of blue (B) light) are supplied to the signal line 341 in
the sampling period (T1), the sampling period (12). and the
sampling period (T3), respectively. As the second image sig-
nal (data2), a blue (B) image signal, a red (R) image signal,
and a green (G) image signal are supplied to the signal line
342 in the sampling period (T1), the sampling period (T2),
and the sampling period (T3), respectively. As the third image
signal (data3), a green (G) image signal, a blue (B) image
signal, and a red (R) image signal are supplied to the signal
line 343 in the sampling period (T1), the sampling period
(T2), and the sampling period (T3), respectively.

(Structural Example of Backlight)

[0085] As abacklight of the liquid crystal display device in
this embodiment, the backlight shown in Embodiment 1 can
be used; therefore, the above description is to be referred to
here.

(Operation Example of Liquid Crystal Display Device)

[0086] Theliquid crystal display device in this embodiment
can perform operations similar to those of the liquid crystal
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display device in Embodiment 1 (see FIG. 5). That is, in the
liquid crystal display device in this embodiment, image sig-
nals can be input to each pixel in the sampling period (T1) in
the following manner: m pixels 351 in the first row to m pixels
351 in the n-th row are sequentially selected, m pixels 352 in
the (n+1)th row to m pixels 352 in the 2n-th row are sequen-
tially selected, and m pixels 353 in the (2n+1)th row to m
pixels 353 in the 3n-th row are sequentially selected.

[0087] As in the liquid crystal display device shown in
Embodiment 1, in the liquid crystal display device of this
embodiment, supply of selection signals and supply of light
of a given color can be concurrently performed in each region
(in the first to n-th rows, the (n+1)th to 2n-th rows, and the
(2n+1)th to 3n-th rows).

(Liquid Crystal Display Device in this Embodiment)

[0088] Theliquid crystal display device in this embodiment
has functions similar to those of the liquid crystal display
device described in Embodiment 1. Further, the aperture ratio
of the liquid crystal display device in this embodiment can be
increased by the reduction in the number of scan lines pro-
vided in the pixel portion and the reduction in the number of
transistors provided in each pixel, as compared to the liquid
crystal display device in Embodiment 1. Moreover, the reduc-
tion in the number of scan lines provided in the pixel portion
can reduce parasitic capacitance generated when a signal line
and a scan line overlap with each other; thus, the signal line
can be driven at high speed. In addition, the area of the scan
line driver circuit can be reduced, and the number of signals
necessary for operating the scan line driver circuit can be
reduced (i.e., it is not necessary to supply different start sig-
nals for the scan line driver circuit to a plurality of shift
registers).

(Variations)

[0089] Theliquid crystal display device in this embodiment
is one embodiment of the present invention; the present
invention further includes a liquid crystal display device that
is different from the liquid crystal display device. For
example, the liquid crystal display device in this embodiment
can have any of the structures shown as the variations in
Embodiment 1. Specifically, the shift register included in the
liquid crystal display device in this embodiment can be
replaced with a circuit having an equivalent function (e.g., a
decoder), for example.

[0090] In addition, the liquid crystal display device in this
embodiment has the structure in which the pixel portion 30 is
divided into three regions; however, the liquid crystal display
device in this embodiment is not limited to having this struc-
ture. That is, in the liquid crystal display device in this
embodiment, the pixel portion 30 can be divided into given
plural regions. Note that it is obvious that in the case where
the number of regions is changed, the number of shift regis-
ters and the number of rows need to the same.

[0091] In the liquid crystal display device in this embodi-
ment, the number of pixels is the same in three regions (i.e.,
each of the regions includes pixels of n rows and m columns);
alternatively, the number of pixels can vary between regions.
Specifically, a first region can include pixels of ¢ rows and m
columns (¢ is a natural number) and a second region can
include pixels of d rows and m columns (d is a natural number
other than c).
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Embodiment 3

[0092] Inthisembodiment, a specific structure of the liquid
crystal display device described in Embodiment 1 or 2 will be
described.

(Example of Transistor Provided in Pixel)

[0093] In the liquid crystal display device in Embodiment
1, aplurality of transistors are provided in each pixel. Input of
animage signal to the pixel is controlled by sequentially using
the plurality of transistors. Thus, image signals can be con-
currently supplied to pixels placed in a plurality of rows. Note
that in the liquid crystal display device, the leakage of an
image signal held at a pixel is accordingly increased in accor-
dance with the increase in the number of transistors provided
in the pixel. For that reason, in the liquid crystal display
device, a transistor with excellent off-state characteristics
(with low off-state current) is preferably used as the transistor
provided in each pixel. An example of a transistor that is
suitable for the transistor will be described below with refer-
ence to FIG. 9. Specifically. a transistor including a channel
formation region formed using an oxide semiconductor will
be described. The off-state current of the transistor can be
extremely reduced when the oxide semiconductor is purified
(which is described below indetail ). The transistor can also be
used for forming the scan line driver circuit. In that case,
reduction in cost and increase in yield due to reduction in the
number of manufacturing steps can be achieved.

[0094] Note that the band gap of the oxide semiconductor is
3.0eVto3.5eV. The band gap of silicon carbide and the band
gap of gallium nitride are 3.26 eV and 3.39 eV, respectively,
which are about three times that of silicon. Therefore, com-
pound semiconductors such as silicon carbide and gallium
nitride are similar to the oxide semiconductor in that they are
both wide band gap semiconductors. The wider band gap is
advantageous in increasing the withstand voltage of a signal
processing circuit, reducing loss of power, and the like.
[0095] Compound semiconductors such as silicon carbide
and gallium nitride are required to be single crystal, and it is
difficult to meet the manufacturing conditions for obtaining a
single crystal material; for example, crystal needs to grow at
a temperature that is much higher than the process tempera-
ture of the oxide semiconductor, and epitaxial growth over a
special substrate is necessary. Such conditions do not allow
film formation of any of these compound semiconductors
over a silicon wafer that can be obtained easily or a glass
substrate whose allowable temperature limit is low. There-
fore, an inexpensive substrate cannot be used, and further, the
substrate cannot be increased in size, so that the productivity
of signal processing circuits using the compound semicon-
ductor such as silicon carbide or gallium nitride is low. In
contrast, the oxide semiconductor can be deposited with heat
treatment at 300° C. to 850° C., that is, can be deposited over
a glass substrate. Moreover, a semiconductor element formed
using the oxide semiconductor can be stacked over an inte-
grated circuit.

[0096] A transistor 211 illustrated in FIG. 9 includes a gate
layer 221 provided over a substrate 220 having an insulating
surface, a gate insulating layer 222 provided over the gate
layer 221, an oxide semiconductor layer 223 provided over
the gate insulating layer 222, and a source layer 2244 and a
drain layer 2245 provided over the oxide semiconductor layer
223. Moreover, FIG. 9 illustrates an insulating layer 225 that
covers the transistor 211 and is in contact with the oxide
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semiconductor layer 223, and a protective insulating layer
226 provided over the insulating layer 225.

[0097] As described above, the transistor 211 in FIG. 9
includes the oxide semiconductor layer 223 as a semiconduc-
tor layer. Examples of an oxide semiconductor used for the
oxide semiconductor layer 223 are an In—Sn—Ga—~Zn—0O-
based oxide semiconductor which is an oxide of four metal
elements; an In—Ga—Z7n—0-based oxide semiconductor,
an In—Sn—Z7n—0O-based oxide semiconductor, an
In—Al—7n—0-based oxide semiconductor, a Sn—Ga—
Zn—O0-based oxide semiconductor, an Al—Ga—Zn—O-
based oxide semiconductor, and a Sn—Al—Zn—0-based
oxide semiconductor which are oxides of three metal ele-
ments; an In—Ga—O-based oxide semiconductor, an
In—7n—0-based oxide semiconductor, a Sn—Zn—O-
based oxide semiconductor, an Al—Zn—O-based oxide
semiconductor, a Zn—Mg—O-based oxide semiconductor, a
Sn—Mg—O-based oxide semiconductor, and an In—Mg—
O-based oxide semiconductor which are oxides of two metal
elements; and an In—O-based oxide semiconductor, a
Sn—O-based oxide semiconductor, and a Zn—O-based
oxide semiconductor which are oxides of one metal element.
Further, SiO, may be contained in the above oxide semicon-
ductor. Here, for example, an In—Ga—Zn—O0-based oxide
semiconductor is an oxide containing at least In, Ga, and Zn,
and there is no particular limitation on the composition ratio
of the elements. An In—Ga—Zn—O0-based oxide semicon-
ductor may contain an element other than In, Ga, and Zn.
[0098] As the oxide semiconductor layer 223, a thin film
expressed by a chemical formula of InMO4(Zn0Q),, (m>0) can
be used. Here, M represents one or more metal elements
selected from Ga, Al, Mn, and Co. For example, M can be Ga,
Ga and Al, Ga and Mn, or Ga and Co.

[0099] In the case where an In—Zn—O-based material is
used as an oxide semiconductor, a target to be used has a
composition ratio of In:Zn=50:1 to 1:2 in an atomic ratio
(In,05:Zn0=25:1 to 1:4 in a molar ratio), preferably
In:Zn=20:1 to 1:1 in an atomic ratio (In,0,:Zn0=10:1to 1:2
in a molar ratio), further preferably In:Zn=15:110 1.5:1 in an
atomic ratio (In,0,:Zn0=15:2 to 3:4 in a molar ratio). For
example, when a target used for forming an In—Zn—O-
based oxide semiconductor has an atomic ratio of In:Zn:
0=X:Y:Z, the relation of Z>(1.5X+Y) is satisfied.

[0100] The above-described oxide semiconductor is an
oxide semiconductor that is purified and made to be electri-
cally i-type (intrinsic) as follows: an impurity such as hydro-
gen, moisture, a hydroxyl group, or hydride (also referred to
as a hydrogen compound), which is a factor of variation in
electric characteristics, is intentionally eliminated in order to
prevent variation in electric characteristics.

[0101] Therefore, it is preferable that the oxide semicon-
ductor contain as little hydrogen as possible. Moreover, the
number of carriers derived from hydrogen, oxygen vacancy,
and the like is extremely small (close to zero) in the purified
oxide semiconductor layer, and the carrier density is less than
1x10*%/cm?, preferably less than 1x10"/cm®. In other words,
the density of carriers derived from hydrogen, oxygen
vacancy, and the like in the oxide semiconductor layer is
made as close to zero as possible. Since the oxide semicon-
ductor layer has very few carriers derived from hydrogen,
oxygen vacancy, and the like, the amount of leakage current at
the time when the transistor is off (i.e., off-state current) can
be small. Furthermore, since the number of impurity levels
derived from hydrogen, oxygen vacancy, and the like is small,
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variation and deterioration of electric characteristics due to
light irradiation, temperature change, application of bias, or
the like can be reduced. Note that the smaller the amount of
off-state current is, the better. The transistor including the
oxide semiconductor for a semiconductor layer has an off-
state current value (per channel width (W) of 1 um) of 100 zA
(zeptoamperes) or less, preferably 10 zA or less, more pref-
erably 1 zA or less. Further, the transistor does not have PN
junction and hot carrier degradation does not occur, so that
electrical characteristics of the transistor are not adversely
affected thereby.

[0102] The off-state current can be extremely low in a tran-
sistor in which an oxide semiconductor layer that is purified
by drastically removing hydrogen contained therein as
described above is used for a channel formation region. In
other words, in circuit design, the oxide semiconductor layer
can be considered as an insulator when the transistor is off. On
the other hand, when the transistor is on, the current supply
capability of the oxide semiconductor layer is expected to be
higher than that of a semiconductor layer formed of amor-
phous silicon.

[0103] As the substrate 220 having an insulating surface, a
glass substrate of barium borosilicate glass, aluminoborosili-
cate glass, or the like can be used, for example.

[0104] In the transistor 211, an insulating film serving as a
base film may be provided between the substrate 220 and the
gate layer 221. The base film has a function of preventing
diffusion of an impurity element from the substrate, and can
be formed with a single-layer structure or a stacked structure
using one or more of a silicon nitride film, a silicon oxide film,
a silicon nitride oxide film, and a silicon oxynitride film.
[0105] The gate layer 221 can be formed with a single-layer
structure or a stacked structure using a metal material such as
molybdenum, titanium, chromium, tantalum, tungsten, alu-
minum, copper, neodymium, or scandium or an alloy material
containing any of these materials as its main component.
[0106] The gate insulating layer 222 can be formed with a
single-layer structure or a stacked structure including a sili-
con oxide layer, a silicon nitride layer, a silicon oxynitride
layer, a silicon nitride oxide layer, an aluminum oxide layer,
an aluminum nitride layer, an aluminum oxynitride layer, an
aluminum nitride oxide layer, or a hafnium oxide layer by
plasma CVD, sputtering, or the like. For example, a silicon
nitride layer (SiNy (y>0)) witha thickness of 50 nm to 200 nm
can be formed as a first gate insulating layer by plasma CVD,
and a silicon oxide layer (S8iOx (x>0)) with a thickness of 5
nm to 300 nm as a second gate insulating layer can be stacked
over the first gate insulating layer.

[0107] A conductive film used for the source layer 224a and
the drain layer 2245 can be formed using an element selected
from Al, Cr, Cu, Ta, Ti, Mo, and W, an alloy including any of
these elements as a component, or an alloy film including a
combination of any of these elements, for example. A struc-
ture may be employed in which a refractory metal layer of T,
Mo, W, or the like is stacked on one or both of a top surface
and a bottom surface of a metal layer of Al, Cu, or the like. By
using an aluminum material to which an element preventing
generation of hillocks and whiskers in an aluminum film (e.g.,
Si, Nd, or Sc) is added, heat resistance can be increased.
[0108] The conductive film to be the source layer 224a and
the drain layer 2245 (including a wiring layer formed using
the same layer as the source and drain layers) may be formed
using a conductive metal oxide. As the conductive metal
oxide, indium oxide (In,0,), tin oxide (Sn0,), zinc oxide
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(Zn0O), an alloy of indium oxide and tin oxide (In,0;—SnO,,
referred to as ITO), an alloy of indium oxide and zinc oxide
(In,0,—7Zn0), or any of the metal oxide materials containing
silicon or silicon oxide can be used.

[0109] As the insulating layer 225, an inorganic insulating
film typified by a silicon oxide film, a silicon oxynitride film,
an aluminum oxide film, or an aluminum oxynitride film can
be used.

[0110] As the protective insulating layer 226, an inorganic
insulating film such as a silicon nitride film, an aluminum
nitride film, a silicon nitride oxide film, or an aluminum
nitride oxide film can be used.

[0111] A planarization insulating film may be formed over
the protective insulating layer 226 in order to reduce surface
roughness due to the transistor. The planarization insulating
film can be formed using an organic material such as polyim-
ide, acrylic, or benzocyclobutene. Other than such organic
materials, it is possible to use a low-dielectric constant mate-
rial (low-k material) or the like. Note that the planarization
insulating film may be formed by stacking a plurality of
insulating films formed from these materials.

(Off-State Current of Transistor)

[0112] Next, results of measuring the off-state current of a
transistor including a purified oxide semiconductor layer will
be described.

[0113] First, a transistor with a sufficiently large channel
width W of 1 m was prepared in consideration of the fact that
the transistor including a purified oxide semiconductor layer
has an adequately low off-state current, and the off-state
current was measured. FIG. 10 shows the results of measuring
the off-state current of a transistor with a channel width W of
1 m. In FIG. 10, the horizontal axis represents a gate voltage
VG, and the vertical axis represents a drain current ID. In the
case where the drain voltage VD is +1 V or +10V and the gate
voltage VG is within the range of -20V to -5V, the off-state
current of the transistor was found to be less than or equal to
1x107'2 A which is the detection limit. Moreover, it was
found that the off-state current (here, per channel width of 1
um) of the transistor was 1 aA/um (1x107'® A/um) or less.
[0114] Next, the results of more accurately measuring the
off-state current of the transistor including a purified oxide
semiconductor layer will be described. As described above,
the off-state current of the transistor including a purified
oxide semiconductor layer was found to be less than or equal
to 1x107*2 A, which is the detection limit of measurement
equipment. Here, the results of measuring more accurate
off-state current (the value smaller than or equal to the detec-
tion limit of measurement equipment in the above measure-
ment) withthe use of an element for evaluating characteristics
will be described.

[0115] First, an element for evaluating characteristics
which was used for measuring current will be described with
reference to FIG. 11.

[0116] In the element for evaluating characteristics illus-
trated in FIG. 11, three measurement systems 1800 are con-
nected in parallel. The measurement system 1800 includes a
capacitor 1802, a transistor 1804, a transistor 1805, a transis-
tor 1806, and a transistor 1808. The transistor including a
purified oxide semiconductor layer was used as the transistors
1804 and 1808.

[0117] In the measurement system 1800, one of a source
and a drain of the transistor 1804, one terminal of the capaci-
tor 1802, and one of a source and a drain of the transistor 1805
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are connected to a power source (for supplying V2). The other
of the source and the drain of the transistor 1804, one of a
source and a drain of the transistor 1808, the other terminal of
the capacitor 1802, and a gate of the transistor 1805 are
electrically connected to each other. The other of the source
and the drain of the transistor 1808, one of a source and a drain
of the transistor 1806, and a gate of the transistor 1806 are
electrically connected to a power source (for supplying V1).
The other of the source and the drain of the transistor 1805
and the other of the source and the drain of the transistor 1806
are electrically connected to an output terminal.

[0118] A potential Vext_b2 for controlling the on/off state
of the transistor 1804 is supplied to a gate of the transistor
1804. A potential Vext_bl for controlling the on/off state of
the transistor 1808 is supplied to a gate of the transistor 1808.
A potential Vout is output from the output terminal.

[0119] Next, amethod for measuring current with the use of
the element for evaluating characteristics will be described
with reference to FIG. 12. The measurement is performed in
an initial period and a measurement period.

[0120] First, in the initial period, a node A (a node electri-
cally connected to one of the source and the drain of the
transistor 1808, the other terminal of the capacitor 1802, and
the gate of the transistor 1805) is made to have a high poten-
tial. In order to realize this, the potential of V1 is set to a high
potential (VDD) and the potential of V2 is set to a low poten-
tial (VSS).

[0121] Next, Vext_b2 is set to a potential with which the
transistor 1804 is turned on (a high potential). Thus, the
potential of the node A becomes V2, that is, the low potential
(VSS). Note that it is not always necessary to supply the low
potential (VSS) to the node A. After that, Vext_b2 is setto a
potential with which the transistor 1804 is turned off (a low
potential), so that the transistor 1804 is turned off. Then,
Vext_bl is set to a potential with which the transistor 1808 is
turned on (a high potential). Thus, the potential of the node A
becomes V1, that is, the high potential (VDD). After that,
Vext_b1 is set to a potential with which the transistor 1808 is
turned off. Accordingly, the node A is brought into a floating
state while having the high potential, and the initial period is
completed.

[0122] In the following measurement period, the potential
V1 and the potential V2 are set to a potential with which
electric charge flows to the node A or a potential with which
electric charge flows from the node A. Here, each of the
potential V1 and the potential V2 is set to the low potential.
Note that at the timing of measuring the output potential Vout,
V1 is temporarily set to the high potential because an output
circuit needs to be operated. The period in which V1 is the
high potential is made short so as not to adversely affect the
measurement.

[0123] Inthe measurement period, electric charge is trans-
ferred from the node A to a wiring supplied with V1 or a
wiring supplied with V2 because of the off-state current of the
transistors 1804 and 1808. That is, the amount of electric
charge held at the node A is changed over time, and the
potential of the node A is changed accordingly. This means
that the potential of the gate of the transistor 1805 varies.
[0124] Electric charge is measured by measuring Vout
while the potential of Vext_b1 is temporarily set to the high
potential at regular intervals. A circuit constituted by the
transistor 1805 and the transistor 1806 is an inverter. When
the node A has the high potential, Vout becomes the low
potential; whereas when the node A has the low potential,
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Vout becomes the high potential. The potential of the node A,
which has been the high potential at the beginning, is gradu-
ally decreased because of a decrease in the amount of electric
charge. Thus, the potential of Vout is also changed. The poten-
tial of the node A is amplified with the amplification function
of the inverter and output as Vout, so that a small amount of
change in the potential of the node A can be measured by
measurement of Vout.

[0125] A method for calculating the off-state current from
the obtained output potential Vout will be described below.
[0126] Therelation between the potential V , of the node A
and the output potential Vout is obtained in advance before
calculation of the off-state current. With this relation, the
potential V, of the node A can be obtained using the output
potential Vout. In accordance with the above relation, the
potential V , of the node A can be expressed as a function of
the output potential Vout by the following equation.

V,=F(Vout)

[0127] Electric charge Q,, of the node A can be expressed
by the following equation with the use of the potential V, of
the node A, a capacitance C, connected to the node A, and a
constant (const). Here, the capacitance C, connected to the
node A is the sum of the capacitance of the capacitor 1802 and
other capacitance.

[Formula 1]

0,=C,V ;+const

[0128] Since a current 1, at the node A is obtained by time
derivative of electric charge flowing to a capacitor connected
to the node A (or electric charge flowing from the capacitor
connected to the node A), the current 1, at the node A is
expressed by the following equation.

[Formula 2]

I AQ4 _ Cy -AF(Vour) [Formula 3]
ATTAr T T A
[0129] In this manner, the current I, of the node A can be

obtained from the capacitance C , connected to the node A and
the output potential Vout of the output terminal.

[0130] By the above method, it is possible to measure a
leakage current which flows between a source and a drain of
a transistor in an off state (an off-state current).

[0131] Here, the transistor 1804 and the transistor 1808
each of which included a purified oxide semiconductor layer
and had a channel length [ of 10 pm and a channel width W
of 50 pm were manufactured. In the measurement systems
1800 arranged in parallel, capacitance values of the capaci-
tors 1802 were 100 {F, 1 pF, and 3 pF.

[0132] Note that in the above-described measurement,
VDD was 5V and VSS was 0 V. In the measurement period,
Vout was measured while the potential V1 was basically VSS
and set to VDD only in a period of 100 milliseconds every 10
to 300 seconds. Moreover, At used in calculation of a current
I'which flows through the element was about 30000 seconds.
[0133] FIG. 13 shows the relation between elapsed time
Time in the current measurement and the output potential
Vout. It can be seen from FIG. 13 that the potential is changed
over time.

[0134] FIG. 14 shows the off-state current at room tempera-
ture (25° C.) calculated in the above current measurement.
FIG. 14 shows the relation between a source-drain voltage V
of the transistor 1804 or the transistor 1808 and an off-state
current I. It is found from FIG. 14 that the off-state current is



US 2011/0248978 Al

about 40 zA/um when the source-drain voltage is 4 V. In
addition, the off-state current was 10 zA/um or less when the
source-drain voltage was 3.1 V. Note that 1 zA represents
1072 A,

[0135] FIG. 15 shows the off-state current at 85° C. calcu-
lated in the above current measurement. FIG. 15 shows the
relation between a source-drain voltage V of the transistor
1804 or the transistor 1808 and an off-state current I at 85° C.
It is found from FIG. 15 that the off-state current was 100
7zA/um or less when the source-drain voltage was 3.1 V.
[0136] As has been described above, it was confirmed that
the off-state current was sufficiently low in a transistor includ-
ing a purified oxide semiconductor layer.

(Variations of Transistor)

[0137] In the above description, the transistor 211 with a
bottom-gate structure called a channel-etch structure (see
FIG. 9) is used as the transistor provided in the pixel; how-
ever, the transistor is not limited to having this structure.
Transistors illustrated in FIGS. 16A to 16C can be used, for
example.

[0138] Atransistor 510 illustrated in FIG. 16A has akind of
bottom-gate structure called a channel-protective type (also
referred to as a channel-stop type).

[0139] The transistor 510 includes, over a substrate 220
having an insulating surface, a gate layer 221, a gate insulat-
ing layer 222, an oxide semiconductor layer 223, an insulat-
ing layer 511 functioning as a channel protective layer that
covers a channel formation region of the oxide semiconductor
layer 223, a source layer 2244, and a drain layer 2245. More-
over, a protective insulating layer 226 that covers the source
layer 224a, the drain layer 224b, and the insulating layer 511
is formed.

[0140] As the insulating layer 511, an insulator such as
silicon oxide, silicon nitride, silicon oxynitride, silicon
nitride oxide, aluminum oxide, or tantalum oxide can be used.
A stacked structure of any of these materials can also be used.
[0141] A transistor 520 illustrated in FIG. 16B is a bottom-
gate transistor. The transistor 520 includes, over a substrate
220 having an insulating surface, a gate layer 221, a gate
insulating layer 222, a source layer 224a, a drain layer 2245,
and an oxide semiconductor layer 223. Furthermore, an insu-
lating layer 225 that covers the source layer 224a and the
drain layer 2245 and s in contact with the oxide semiconduc-
tor layer 223 is provided. A protective insulating layer 226 is
provided over the insulating layer 225.

[0142] TInthe transistor 520, the gate insulating layer 222 is
provided on and in contact with the substrate 220 and the gate
layer 221, and the source layer 2244 and the drain layer 2245
are provided on and in contact with the gate insulating layer
222. Further, the oxide semiconductor layer 223 is provided
over the gate insulating layer 222, the source layer 224a, and
the drain layer 2245.

[0143] A transistor 530 illustrated in FIG. 16C is a kind of
top-gate transistor. The transistor 530 includes, over a sub-
strate 220 having an insulating surface, an insulating layer
531, an oxide semiconductor layer 223, a source layer 224a
and a drain layer 2245, a gate insulating layer 222, and a gate
layer 221. A wiring layer 532q and a wiring layer 5325 are
provided in contact with the source layer 224q and the drain
layer 224b, to be electrically connected to the source layer
224a and the drain layer 224b, respectively.

[0144] As the insulating layer 531, an insulator such as
silicon oxide, silicon nitride, silicon oxynitride, silicon
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nitride oxide, aluminum oxide, or tantalum oxide can be used.
A stacked structure of any of these materials can also be used.
[0145] As the wiring layers 532a and 5325, an element
selected from aluminum (Al), copper (Cu), titanium (Ti),
tantalum (Ta), tungsten (W), molybdenum (Mo), chromium
(Cr), neodymium (Nd), and scandium (Sc); an alloy contain-
ing any of these elements; or a nitride containing any of these
elements can be used. A stacked structure of any of these
materials can also be used.

(Specific Example of Cross Section of Pixel)

[0146] A liquid crystal display device according to one
embodiment of the present invention can have high visibility
and high reliability because a highly reliable transistor with
low off-state current is used in a pixel portion.

[0147] FIG. 17 illustrates an example of a cross-sectional
view of a pixel in the liquid crystal display device according
to one embodiment of the present invention. A transistor 1401
illustrated in FIG. 17 includes a gate layer 1402 formed over
an insulating surface, a gate insulating layer 1403 over the
gate layer 1402, an oxide semiconductor layer 1404 that
overlaps with the gate layer 1402 with the gate insulating
layer 1403 placed therebetween, and a conductive film 1405
and a conductive film 1406 that are formed to be stacked over
the oxide semiconductor layer 1404 and function as a source
layer and a drain layer. The transistor 1401 may further
include an insulating layer 1407 formed over the oxide semi-
conductor layer 1404. The insulating layer 1407 is formed so
as to cover the gate layer 1402, the gate insulating layer 1403,
the oxide semiconductor layer 1404, the conductive film
1405, and the conductive film 1406.

[0148] An insulating layer 1408 is formed over the insulat-
ing layer 1407. An opening is provided in part of the insulat-
ing layers 1407 and 1408, and a pixel electrode 1410 is
formed so as to be in contact with the conductive film 1406 in
the opening.

[0149] Further, a spacer 1417 for controlling the cell gap of
a liquid crystal element is formed over the insulating layer
1408. The spacer 1417 can be formed by etching of an insu-
lating film into a desired shape. Alternatively, the cell gap may
be controlled by dispersing spherical spacers over the insu-
lating layer 1408.

[0150] An alignment film 1411 is formed over the pixel
electrode 1410. A counter electrode 1413 facing the pixel
electrode 1410 is formed on a counter substrate 1420. An
alignment film 1414 is formed on a surface of the counter
electrode 1413, which faces the pixel electrode 1410. The
alignment films 1411 and 1414 can be formed using an
organic resin such as polyimide or polyvinyl alcohol. Align-
ment treatment such as rubbing is performed on their surfaces
in order to align liquid crystal molecules in a certain direction.
Rubbing can be performed in such a manner that a roller
wrapped with cloth of nylon or the like is rotated while being
in contact with the alignment film, and rubs the surface of the
alignment film in a certain direction. Note that by using an
inorganic material such as silicon oxide, the alignment films
1411 and 1414 with alignment characteristics can be directly
formed by an evaporation method without performing align-
ment process.

[0151] Furthermore, a liquid crystal 1415 is provided in a
region that is surrounded by a sealant 1416 between the pixel
electrode 1410 and the counter electrode 1413. The liquid
crystal 1415 may be injected with a dispenser method (a
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dripping method) or a dipping method (a pumping method).
Note that a filler may be mixed in the sealant 1416.

[0152] A light-blocking film that can block light may be
formed between pixels so that disclination due to alignment
disorder of the liquid crystal 1415 between the pixels is pre-
vented from being perceived. The light-blocking film can be
formed using an organic resin containing a black pigment
such as a carbon black or low-order titanium oxide, or a film
containing chromium.

[0153] The pixel electrode 1410 and the counter electrode
1413 can be formed using a transparent conductive material
such as indium tin oxide containing silicon oxide (ITSO),
indium tin oxide (ITO), zinc oxide (ZnO), indium zinc oxide
(1Z0), or gallium-doped zinc oxide (GZ0), for example.
[0154] Note that a TN (twisted nematic) liquid crystal dis-
play device is shown here; alternatively, the liquid crystal
display device may be a VA (vertical alignment) liquid crystal
display device, an OCB (optically compensated birefrin-
gence) liquid crystal display device, an IPS (in-plane switch-
ing) liquid crystal display device, or an MVA (multi-domain
vertical alignment) liquid crystal display device, for example.
[0155] Alternatively, liquid crystal exhibiting a blue phase
for which an alignment film is unnecessary may be used. A
blue phase is one of liquid crystal phases, which is generated
justbefore a cholesteric phase changes into an isotropic phase
while the temperature of cholesteric liquid ecrystal is
increased. Since the blue phase is only generated within a
narrow range of temperature, a chiral agent or an ultraviolet
curable resin is added so that the temperature range is
increased. Specifically, a liquid crystal composition contain-
ing a chiral agent at 5 wt % or more is used as the liquid crystal
1415. The liquid crystal composition that includes liquid
crystal exhibiting a blue phase and a chiral agent has such
characteristics that the response time is as short as 10 ps to
100 ps, the alignment process is unnecessary because the
liquid crystal composition has optical isotropy, and viewing
angle dependency is small. The liquid crystal having such
features is preferably used particularly as liquid crystal in the
above liquid crystal display device (the liquid crystal display
device in which image signals need to be input to each pixel
plural times in order to produce an image).

[0156] Note that although the liquid crystal element in
which the liquid crystal 1415 is sandwiched between the pixel
electrode 1410 and the counter electrode 1413 is shown in
FIG. 17 as an example, the liquid crystal display device
according to one embodiment of the present invention is not
limited to having this structure. A pair of electrodes may be
formed over one substrate as in an IPS liquid crystal element
or a liquid crystal element using a blue phase.

(Specific Example of Connection Between Pixel Portion and
Driver Circuit)

[0157] Next, a terminal connection method for directly
mounting a substrate provided with a driver circuit on a sub-
strate provided with a pixel portion will be described.

[0158] FIG. 18A is a cross-sectional view of a portion
where a substrate 900 provided with a driver circuit and a
substrate 901 provided with a pixel portion are connected to
each other by a wire bonding method. The substrate 900 is
attached onto the substrate 901 with an adhesive 903. A
transistor 906 included in the driver circuit is provided on the
substrate 900. The transistor 906 is electrically connected to a
pad 907 that is formed to be exposed on a surface of the
substrate 900 and functions as a terminal. A terminal 904 is
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formed over the substrate 901 in FIG. 184, and the pad 907
and the terminal 904 are connected to each other with a wire
905.

[0159] FIG. 18B is a cross-sectional view of a portion
where a substrate 911 provided with a pixel portion and a
substrate 910 provided with a driver circuit are connected to
each other by a flip-chip method. In FIG. 18B, a solder ball
913 is connected to a pad 912 that is formed to be exposed on
asurface of the substrate 910. Thus, a transistor 914 included
in the driver circuit formed on the substrate 910 is electrically
connected to the solder ball 913 through the pad 912. The
solder ball 913 is electrically connected to a terminal 916
formed over the substrate 911.

[0160] The solder ball 913 and the terminal 916 can be
connected to each other by a variety of methods such as
thermocompression bonding and thermocompression bond-
ing with ultrasonic vibration. Note that in order to increase the
mechanical strength of the connection portion or the diffusion
efficiency of heat generated at the substrate 911, an underfill
may be provided between the substrate 910 and the substrate
911 to fill the gap between the solder balls after bonding.
Although not necessarily provided, an underfill can prevent
occurrence of a connection failure due to stress generated by
a mismatch in coefficient of terminal expansion between the
substrate 910 and the substrate 911. In the case where the
solder ball 913 and the terminal 916 are bonded to each other
with ultrasonic waves, connection failures can be reduced as
compared to the case where they are bonded to each other
only by thermocompression bonding.

[0161] A flip-chip method is suitable to realize connection
with a large number of terminals because even if the number
of pads to be connected is increased, the distance between the
pads can be relatively large as compared to the case of
employing a wire bonding method.

[0162] Note that the solder ball may be formed by a droplet
discharge method by which a dispersion liquid in which metal
nanoparticles are dispersed is discharged.

[0163] FIG. 18C is a cross-sectional view of a portion
where a substrate 921 provided with a pixel portion and a
substrate 920 provided with a driver circuit are connected to
each other with an anisotropic conductive resin. In FIG. 18C,
a pad 922 that is formed to be exposed on a surface of the
substrate 920 is electrically connected to a transistor 924
included in the driver circuit formed on the substrate 920. The
pad 922 is connected to a terminal 926 formed over the
substrate 921 with an anisotropic conductive resin 927.
[0164] Note that the connection method is not limited to the
methods shown in FIGS. 18A to 18C. The substrates may be
connected to each other with a combination ofa wire bonding
method and a flip-chip method.

(Specific Example of Driver Circuit Mounted on Substrate
Including Pixel Portion)

[0165] Next, a mounting method of a substrate including a
driver circuit (also referred to as an 1C chip) will be described.
In the liquid crystal display device according to one embodi-
ment of the present invention, a transistor including a channel
formation region formed using an oxide semiconductor is
used, so that a pixel portion and part of driver circuit can be
formed over one substrate.

[0166] Ina liquid crystal display device illustrated in FIG.
19A, a pixel portion 6002 and scan line driver circuits 6003
are formed over a substrate 6001. A counter substrate 6006
overlaps the substrate 6001 so as to cover the pixel portion
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6002 and the scan line driver circuits 6003. Moreover, a
substrate 6004 provided with a signal line driver circuit is
directly mounted on the substrate 6001. Specifically, the sig-
nal line driver circuit formed on the substrate 6004 is attached
to the substrate 6001 and electrically connected to the pixel
portion 6002. Power supply potentials, various signals, and
the like are supplied through an FPC 6005 to the pixel portion
6002, the scan line driver circuits 6003, and the signal line
driver circuit formed on the substrate 6004.

[0167] In aliquid crystal display panel illustrated in FIG.
19B, a pixel portion 6102 and scan line driver circuits 6103
are formed over a substrate 6101. A counter substrate 6106
overlaps the substrate 6101 so as to cover the pixel portion
6102 and the scan line driver circuits 6103. Moreover, a
substrate 6104 provided with a signal line driver circuit is
mounted on a FPC 6105 connected to the substrate 6101.
Power supply potentials, various signals, and the like are
supplied through the FPC 6105 to the pixel portion 6102, the
scan line driver circuits 6103, and the signal line driver circuit
formed on the substrate 6104.

[0168] In aliquid crystal display device illustrated in FIG.
19C, a pixel portion 6202, scan line driver circuits 6203, and
a portion 6207 of a signal line driver circuit are formed over
a substrate 6201. A counter substrate 6206 overlaps the sub-
strate 6201 so as to cover the pixel portion 6202, the scan line
driver circuits 6203, and the portion 6207 of the signal line
driver circuit. A substrate 6204 provided with another portion
of the signal line driver circuit are directly mounted on the
substrate 6201. Specifically, another portion of the signal line
driver circuit formed on the substrate 6204 is attached to the
substrate 6201 and electrically connected to the portion 6207
of the signal line driver circuit. Power supply potentials,
various signals, and the like are supplied through an FPC
6205 to the pixel portion 6202, the scan line driver circuits
6203, the portion 6207 of the signal line driver circuit, and
another portion of the signal line driver circuit formed on the
substrate 6204.

[0169] There is no particular limitation on the mounting
method of the substrate, and a known COG method, wire
bonding method, TAB method, or the like can be used. The
position where an IC chip is mounted is not limited to the
positions shown in FIGS. 19A to 19C as long as electrical
connection is achieved. Furthermore, a controller, a CPU, a
memory, or the like may be formed using an IC chip and may
be mounted on a substrate provided with a pixel portion.

(Specific Example of Liquid Crystal Display Device)

[0170] Next, the appearance of a panel in the liquid crystal
display device according to one embodiment of the present
invention will be described with reference to FIGS. 20A and
20B. FIG. 20A is a top view of the panel in which a substrate
4001 and a counter substrate 4006 are bonded to each other
with a sealant 4005. FIG. 20B is a cross-sectional view along
the dashed line A-A' in FIG. 20A.

[0171] The sealant 4005 is provided so as to surround a
pixel portion 4002 and a scan line driver circuit 4004 provided
over the substrate 4001. The counter substrate 4006 is placed
over the pixel portion 4002 and the scan line driver circuit
4004. Thus, the pixel portion 4002 and the scan line driver
circuit 4004 are sealed together with a liquid crystal 4007 by
the substrate 4001, the sealant 4005, and the counter substrate
4006.

[0172] In addition, a substrate 4021 where a signal line
driver circuit 4003 is formed is mounted on the substrate 4001
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in a region other than the region surrounded by the sealant
4005. FIG. 20B illustrates a transistor 4009 included in the
signal line driver circuit 4003, as an example.

[0173] A plurality of transistors are included in the pixel
portion 4002 and the scan line driver circuit 4004 provided
over the substrate 4001. FIG. 20B illustrates a transistor 4010
and a transistor 4022 that are included in the pixel portion
4002. In each of the transistors 4010 and 4022, a channel
formation region is formed using an oxide semiconductor.
[0174] A pixel electrode 4030 included in a liquid crystal
element 4011 is electrically connected to the transistor 4010.
A counter electrode 4031 of the liquid crystal element 4011 is
formed on the counter substrate 4006. The liquid crystal
element 4011 corresponds to a region where the pixel elec-
trode 4030, the counter electrode 4031, and the liquid crystal
4007 overlap with each other.

[0175] A spacer 4035 is provided in order to control a
distance (a cell gap) between the pixel electrode 4030 and the
counter electrode 4031. FIG. 20B shows the case where the
spacer 4035 is formed by patterning of an insulating film;
alternatively, a spherical spacer may be used.

[0176] A variety of signals and potentials that are applied to
the signal line driver circuit 4003, the scan line driver circuit
4004, and the pixel portion 4002 are supplied from a connec-
tion terminal 4016 through leading wirings 4014 and 4015.
The connection terminal 4016 is electrically connected to a
FPC 4018 through an anisotropic conductive film 4019.
[0177] For the substrate 4001, the counter substrate 4006,
and the substrate 4021, glass, ceramics, or plastics can be
used. Examples of plastics are a fiberglass-reinforced plastic
(FRP)plate, a polyvinyl fluoride (PVF) film, a polyester film,
and an acrylic resin film.

[0178] Note that for a substrate to be placed in the direction
from which light transmitted through the liquid crystal ele-
ment 4011 is extracted, a light-transmitting material such as a
glass plate, plastics, a polyester film, or an acrylic film is used.
[0179] FIG. 21 shows an example of a perspective view
illustrating the structure of the liquid crystal display device
according to one embodiment of the present invention. The
liquid crystal display device in FIG. 21 includes a panel 1601
including a pixel portion, a first diffusion plate 1602, a prism
sheet 1603, a second diffusion plate 1604, a light guide plate
1605, a backlight panel 1607, a circuit board 1608, and a
substrate 1611 provided with a signal line driver circuit.
[0180] The panel 1601, the first diffusion plate 1602, the
prism sheet 1603, the second diffusion plate 1604, the light
guide plate 1605, and the backlight panel 1607 are stacked in
this order. The backlight panel 1607 has a backlight 1612
including a plurality of backlight units. Light that is emitted
from the backlight 1612 and diffused in the light guide plate
1605 is delivered to the panel 1601 through the first diffusion
plate 1602, the prism sheet 1603, and the second diffusion
plate 1604.

[0181] Although the first diffusion plate 1602 and the sec-
ond diffusion plate 1604 are used here, the number of diffu-
sion plates is not limited to two but may be one, or may be
three or more. The diffusion plate should be provided
between the light guide plate 1605 and the panel 1601. There-
fore, the diffusion plate may be provided only on the side
closer to the panel 1601 than the prism sheet 1603, or may be
provided only on the side closer to the light guide plate 1605
than the prism sheet 1603.

[0182] The prism sheet 1603 is not limited to having a
sawtooth shape in section as illustrated in FIG. 21 and can
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have a shape with which light from the light guide plate 1605
can be concentrated on the panel 1601 side.

[0183] Thecircuitboard 1608 is provided with acircuit that
generates various kinds of signals input to the panel 1601, a
circuit that processes these signals, and the like. In FIG. 21,
the circuit board 1608 and the panel 1601 are connected to
each other via a COF (chip on film) tape 1609. Moreover, the
substrate 1611 provided with the signal line driver circuit is
connected to the COF tape 1609 by a COF method.

[0184] FIG. 21 illustrates the example in which the circuit
board 1608 is provided with a controller circuit that controls
driving of the backlight 1612 and the controller circuit and the
backlight panel 1607 are connected to each other via an FPC
1610. Note that the controller circuit may be formed in the
panel 1601; in that case, the panel 1601 and the backlight
panel 1607 are to be connected to each other via an FPC orthe
like.

(Specific Example of Liquid Crystal Display Device Includ-
ing Touch Panel)

[0185] The liquid crystal display device according to one
embodiment of the present invention may include a pointing
device called a touch panel. FIG. 22A illustrates a state where
a touch panel 1620 overlaps with a panel 1621.

[0186] In the touch panel 1620, a position touched by a
finger, a stylus, or the like is detected in a light-transmitting
position detection portion 1622 and a signal including infor-
mation on the position can be generated. Thus, by providing
the touch panel 1620 so that the position detection portion
1622 overlaps with a pixel portion 1623 of the panel 1621,
information on a position in the pixel portion 1623 the user of
the liquid crystal display device touches can be obtained.
[0187] The position can be detected in the position detec-
tion portion 1622 by a variety of methods such as a resistive
touchscreen technology and a capacitive touchscreen tech-
nology. FIG. 22B is a perspective view of the position detec-
tion portion 1622 with a resistive touchscreen technology. In
the position detection portion 1622 with a resistive touch-
screen technology, a plurality of first electrodes 1630 and a
plurality of second electrodes 1631 are provided so as to face
each other with a space therebetween. When one of the plu-
rality of first electrodes 1630 is pressed by the finger or the
like, the first electrode 1630 is in contact with one of the
plurality of second electrodes 1631. Then, by monitoring the
level of voltage at opposite ends of each of the first electrodes
1630 and the level of voltage at opposite ends of each of the
second electrodes 1631, it is possible to specify which of the
first electrodes 1630 is in contact with the second electrode
1631; thus, the position touched by the finger can be detected.
[0188] The first electrodes 1630 and the second electrodes
1631 can be formed using a light-transmitting conductive
material, for example, indium tin oxide containing silicon
oxide (ITSO), indium tin oxide (ITO), zinc oxide (ZnO),
indium zinc oxide (IZ0), or gallium-doped zinc oxide
(GZ0).

[0189] FIG.23A is aperspective view ofthe position detec-
tion portion 1622 with a projected capacitive touchscreen
technology among capacitive touchscreen technologies. In
the position detection portion 1622 with a projected capaci-
tive touchscreen technology, a plurality of first electrodes
1640 and a plurality of second electrodes 1641 are provided
so as to overlap with each other. The first electrodes 1640 each
have astructure in which a plurality of rectangular conductive
films 1642 are connected to each other. The second electrodes
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1641 each have a structure in which a plurality of rectangular
conductive films 1643 are connected to each other. Note that
the shapes of the first electrodes 1640 and the second elec-
trodes 1641 are not limited thereto.

[0190] InFIG.23A, aninsulating layer 1644 functioning as
a dielectric overlaps the plurality of first electrodes 1640 and
the plurality of second electrodes 1641. FIG. 23B illustrates a
state where the plurality of first electrodes 1640, the plurality
of second electrodes 1641, and the insulating layer 1644
illustrated in FIG. 23A overlap with each other. As illustrated
in FIG. 23B, the plurality of first electrodes 1640 and the
plurality of second electrodes 1641 overlap with each other so
that the position of the rectangular conductive films 1642
does not correspond to that of the rectangular conductive
films 1643.

[0191] When the finger or the like touches the insulating
layer 1644, capacitance is generated between one of the plu-
rality of first electrodes 1640 and the finger. Moreover,
capacitance is also generated between one of the plurality of
second electrodes 1641 and the finger. Accordingly, monitor-
ing of the change in capacitance can specify which first elec-
trode 1640 and which second electrode 1641 are closest to the
finger; thus, the position touched by the finger can be
detected.

(Example of Method for Manufacturing Transistor)

[0192] Next, an example of a method for manufacturing a
transistor will be described.

[0193] First, as illustrated in FIG. 24 A, a gate layer 801 and
an electrode layer 802 are formed over a substrate 800 having
an insulating surface.

[0194] The gate layer 801 and the electrode layer 802 can
be formed with a single-layer structure or a stacked structure
using one or more of conductive films using a metal material
such as molybdenum, titanium, chromium, tantalum, tung-
sten, neodymium, or scandium or an alloy material contain-
ing any of these metal materials as a main component, or
nitride of these metals. Note that aluminum or copper can also
be used as the metal material if it can withstand the tempera-
ture of heat treatment to be performed in a later step. Alumi-
num or copper is preferably combined with a refractory metal
material so as to prevent problems of low heat resistance and
corrosion. As the refractory metal material, molybdenum,
titanium, chromium, tantalum, tungsten, neodymium, scan-
dium, or the like can be used.

[0195] For example, as a two-layer structure of the gate
layer 801 and the electrode layer 802, the following structures
are preferable: a two-layer structure in which a molybdenum
film is stacked over an aluminum film, a two-layer structure in
which a molybdenum film is stacked over a copper film, a
two-layer structure in which a titanium nitride film or a tan-
talum nitride film is stacked over a copper film, and a two-
layer structure in which a titanium nitride film and a molyb-
denum film are stacked. As a three-layer structure of the gate
layer 801 and the electrode layer 802, it is preferable to
employ a stacked structure in which an aluminum film, an
alloy film of aluminum and silicon, an alloy film of aluminum
and titanium, or an alloy film of aluminum and neodymium is
used as a middle layer and sandwiched between a top layer
and a bottom layer of tungsten, tungsten nitride, titanium
nitride, or titanium.

[0196] Further, a light-transmitting oxide conductive film
of indium oxide, an alloy of indium oxide and tin oxide, an
alloy of indium oxide and zinc oxide, zinc oxide, zinc alumi-
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num oxide, zinc aluminum oxynitride, zinc gallium oxide, or
the like can be used as the gate layer 801 and the electrode
layer 802.

[0197] The thickness of each of the gate layer 801 and the
electrode layer 802 is 10 nm to 400 nm, preferably 100 nm to
200 nm. Here, after a 150-nm-thick conductive film for the
gate electrode is formed by sputtering using a tungsten target,
the conductive film is processed (patterned) into a desired
shape by etching, so that the gate layer 801 and the electrode
layer 802 are formed. The gate layer preferably has tapered
edge because coverage of the gate layer with a gate insulating
layer to be stacked thereover can be improved. Note that a
resist mask may be formed by an inkjet method. Formation of
the resist mask by an inkjet method needs no photomask;
thus, manufacturing costs can be reduced.

[0198] Next, as illustrated in FIG. 24B, a gate insulating
layer 803 is formed over the gate layer 801 and the electrode
layer 802. The gate insulating layer 803 can be formed with a
single-layer structure or a stacked structure of a silicon oxide
film, a silicon nitride film, a silicon oxynitride film, a silicon
nitride oxide film, an aluminum oxide film, an aluminum
nitride film, an aluminum oxynitride film, an aluminum
nitride oxide film, a hafnium oxide film, and/or a tantalum
oxide film by plasma CVD, sputtering, or the like. It is pref-
erable that the gate insulating layer 803 include impurities
such as moisture, hydrogen, or oxygen as little as possible. In
the case where a silicon oxide film is formed by sputtering, a
silicon target or a quartz target is used as a target, and oxygen
oramixed gas of oxygen and argon is used as a sputtering gas.
[0199] An oxide semiconductor that becomes intrinsic
(i-type) or substantially intrinsic by removal of impurities (a
purified oxide semiconductor) is quite susceptible to the
interface state density or interface charge; therefore, the inter-
face between the purified oxide semiconductor and the gate
insulating layer 803 is important. For that reason, the gate
insulating layer (GI) that is in contact with the purified oxide
semiconductor needs to have higher quality.

[0200] For example, high-density plasma CVD using
microwaves (e.g., a frequency of 2.45 GHz) is preferably used
because an insulating layer can be dense and have high with-
stand voltage and high quality. The purified oxide semicon-
ductor and the high-quality gate insulating layer are in close
contact with each other, so that the interface state density can
be reduced to obtain favorable interface characteristics.
[0201] Needless to say, another film formation method
such as sputtering or plasma CVD can be employed as long as
the method enables formation of a good-quality insulating
layer as a gate insulating layer. Moreover, it is possible to
form an insulating layer whose quality as a gate insulating
layer and characteristics of an interface with the oxide semi-
conductor are improved through heat treatment performed
after the formation of the insulating layer. In any case, any
insulating layer can be used as long as it can reduce the
interface state density between the gate insulating layer and
the oxide semiconductor and form a favorable interface as
well as having good film quality as the gate insulating layer.
[0202] Thegateinsulating layer 803 may have a structure in
which an insulating layer formed using a material with high
barrier properties and an insulating layer with a low nitrogen
content, such as a silicon oxide film or a silicon oxynitride
film, are stacked. In that case, the insulating layer such as a
silicon oxide film or a silicon oxynitride film is formed
between the insulating layer having high barrier properties
and an oxide semiconductor layer. Examples of the insulating
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layer having high barrier properties are a silicon nitride film,
a silicon nitride oxide film, an aluminum nitride film, and an
aluminum nitride oxide film. With an insulating layer having
high barrier properties, impurities in an atmosphere, such as
moisture or hydrogen, or impurities included in the substrate,
such as an alkali metal or a heavy metal, can be prevented
from entering the oxide semiconductor layer, the gate insu-
lating layer 803, or the interface between the oxide semicon-
ductor layer and another insulating layer and the vicinity
thereof. In addition, by forming the insulating layer with a
low nitrogen content, such as a silicon oxide film or a silicon
oxynitride film, so as to be in contact with the oxide semicon-
ductor layer, the insulating layer having high barrier propet-
ties can be prevented from being in direct contact with the
oxide semiconductor layer.

[0203] For example, a 100-nm-thick gate insulating layer
803 may be formed as follows: a silicon nitride film (SiN,
(y>0)) with a thickness of 50 nm to 200 nm is formed by
sputtering as a first gate insulating layer, and a silicon oxide
film (Si0, (x>0)) with a thickness 5 nm to 300 nm is stacked
over the first gate insulating layer as a second gate insulating
layer. The thickness of the gate insulating layer 803 may be
set as appropriate depending on characteristics needed for a
transistor and may be approximately 350 nm to 400 nm.
[0204] Here, the gate insulating layer 803 in which a 100-
nm-thick silicon oxide film formed by sputtering is stacked
over a 50-nm-thick silicon nitride film formed by sputtering is
formed.

[0205] In order for the gate insulating layer 803 to contain
hydrogen, a hydroxyl group, and moisture as little as possible,
itis preferable that an impurity adsorbed on the substrate 8§00,
such as moisture or hydrogen, be eliminated and removed by
preheating the substrate 800, over which the gate layer 801
and the electrode layer 802 are formed, in a preheating cham-
ber of a sputtering apparatus, as a pretreatment for film for-
mation. The temperature for the preheating is 100° C. to 400°
C., preferably, 150° C. to 300° C. As an exhaustion umt
provided in the preheating chamber, a cryopump is preferably
used. Note that this preheating treatment can be omitted.
[0206] Next, an oxide semiconductor layer having a thick-
ness of 2 nm to 200 nm, preferably 3 nm to 50 nm, further
preferably 3 nm to 20 nm is formed over the gate insulating
layer 803. The oxide semiconductor layer is formed by sput-
tering using an oxide semiconductor target. Moreover, the
oxide semiconductor layer can be formed by sputtering in a
rare gas (e.g., argon) atmosphere, an oxygen atmosphere, or a
mixed atmosphere including a rare gas (e.g., argon) and oxy-
gen.

[0207] Note that before the oxide semiconductor layer is
formed by sputtering, dust attached to a surface of the gate
insulating layer 803 is preferably removed by reverse sput-
tering in which an argon gas is introduced and plasma is
generated. The reverse sputtering is a method by which with-
out application of voltage to a target side, voltage is applied to
a substrate side with an RF power source in an argon atmo-
sphere so that plasma is generated in the vicinity of the sub-
strate to modify a surface. Note that instead of an argon
atmosphere, a nitrogen atmosphere, a helium atmosphere, or
the like may be used. Alternatively, an argon atmosphere to
which oxygen, nitrous oxide, or the like is added; or an argon
atmosphere to which chlorine, carbon tetrafluoride, or the like
is added may be used.

[0208] As described above, the oxide semiconductor layer
can be formed using any of the following oxide semiconduc-
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tors: an In—Sn—Ga—Zn—O-based oxide semiconductor
which is an oxide of four metal elements; an In—Ga—Zn—
O-based oxide semiconductor, an In—Sn—Zn—0O-based
oxide semiconductor, an In—Al—Zn—0O-based oxide semi-
conductor, a Sn—Ga—Zn—0-based oxide semiconductor,
an Al—Ga—7n—O-based oxide semiconductor, and a
Sn—Al—Zn—O-based oxide semiconductor which are
oxides of three metal elements; an In—Ga—O-based oxide
semiconductor, an In—Zn—Q-based oxide semiconductor, a
Sn—Zn—0-based oxide semiconductor, an Al—Zn—O-
based oxide semiconductor, a Zn—Mg—O-based oxide
semiconductor, a Sn—Mg—O-based oxide semiconductor,
and an In—Mg—O-based oxide semiconductor which are
oxides of two metal elements; and an In—O-based oxide
semiconductor, a Sn—0O-based oxide semiconductor, and a
Zn—0-based oxide semiconductor which are oxides of one
metal element. The above oxide semiconductors may include
silicon oxide.

[0209] As the oxide semiconductor layer, a thin film repre-
sented by InMOj; (Zn0),, (m>0) can be used. Here, M repre-
sents one or more metal elements selected from Ga, Al, Mn,
and Co. For example, M canbe Ga, Ga and Al, Ga and Mn, or
Ga and Co.

[0210] Here, as the oxide semiconductor layer, a 30-nm-
thick In—Ga—7n—O-based non-single-crystal film
obtained by sputtering using a metal oxide target containing
indium (In), gallium (Ga), and zinc (Zn) is used. As the target,
a metal oxide target having a composition ratio of In:Ga:
7n=1:1:0.5, In:Ga:Zn=1:1:1, or In:Ga:Zn=1:1:2 can be used,
for example. The target may contain SiO, at 2 wt % to 10 wt
%. The filling rate of the metal oxide target containing In, Ga,
and Zn is 90% to 100%, preferably 95% to 100%. By using
the metal oxide target with a high filling rate, a dense oxide
semiconductor layer is formed.

[0211] Here, the oxide semiconductor layer is formed over
the substrate 800 in such a manner that the substrate is held in
the treatment chamber kept at reduced pressure, a sputtering
gas from which hydrogen and moisture have been removed is
introduced into the treatment chamber while moisture
remaining therein is removed, and the above-described target
is used. The substrate temperature may be 100° C. to 600° C.,
preferably 200° C. to 400° C. in film formation. By heating
the substrate during film formation, the impurity concentra-
tion in the oxide semiconductor layer formed can be reduced.
In addition, damage by sputtering can be reduced. In order to
remove remaining moisture in the treatment chamber, an
entrapment vacuum pump is preferably used. For example, a
cryopump, an ion pump, or a titanium sublimation pump is
preferably used. The evacuation unit may be a turbo pump
provided with a cold trap. In the treatment chamber which is
evacuated with the cryopump, for example, a hydrogen atom,
a compound containing a hydrogen atom, such as water
(H,O) (more preferably, also a compound containing a car-
bon atom), and the like are removed, whereby the impurity
concentration in the oxide semiconductor layer formed in the
treatment chamber can be reduced.

[0212] As one example of the deposition conditions, the
distance between the substrate and the target is 100 mm, the
pressure is 0.6 Pa, the direct-current (DC) power source is 0.5
kW, and the atmosphere is an oxygen atmosphere (the pro-
portion of the oxygen flow rate is 100%). Note that a pulsed
direct-current (DC) power source is preferable because pow-
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der substances (referred to as particles) generated in film
deposition can be reduced and the film thickness can be
uniform.

[0213] Inorder that the oxide semiconductor layer does not
to contain impurities such as hydrogen, a hydroxyl group, or
moisture as little as possible, it is preferable to preheat the
substrate 800 provided with the gate insulating layer 803 in a
preheating chamber of the sputtering apparatus before the
film formation so that impurities such as moisture or hydro-
gen adsorbed on the substrate 800 is eliminated and removed.
The temperature for the preheating is 100° C. to 400° C.,
preferably 150° C. to 300° C. As an exhaustion unit provided
in the preheating chamber, a cryopump is preferably used.
Note that this preheating treatment can be omitted. In addi-
tion, before an insulating layer 808 is formed, the preheating
may similarly be performed on the substrate 800 over which
layers up to and including a source layer 805, a drain layer
806, and an electrode layer 807 are formed.

[0214] Next, as illustrated in FIG. 24B, the oxide semicon-
ductor layer is processed (patterned) into a desired shape by
etching or the like, so that an island-shaped oxide semicon-
ductor layer 804 is formed over the gate insulating layer 803
to overlap with the gate layer 801.

[0215] A resist mask for forming the island-shaped semi-
conductor layer 804 may be formed by an inkjet method.
Formation of the resist mask by an inkjet method needs no
photomask; thus, manufacturing costs can be reduced.
[0216] Note that etching for forming the island-shaped
oxide semiconductor layer 804 may be wet etching, dry etch-
ing, or both dry etching and wet etching. As an etching gas
used for dry etching, a gas containing chlorine (a chlorine-
based gas such as chlorine (Cl,), boron trichloride (BCl,;),
silicon tetrachloride (SiCl,), or carbon tetrachloride (CCl,))
is preferably used. Alternatively, a gas containing fluorine (a
fluorine-based gas such as carbon tetrafluoride (CF,), sulfur
hexafluoride (SF), nitrogen trifluoride (NF;), or trifluo-
romethane (CHF,)), hydrogen bromide (HBr), oxygen (O,),
any of these gases to which a rare gas such as helium (He) or
argon (Ar) is added, or the like can be used.

[0217] For dry etching, a parallel plate RIE (reactive ion
etching) method or an ICP (inductively coupled plasma) etch-
ing method can be used. In order to etch the films into desired
shapes, the etching conditions (the amount of power applied
to a coil-shaped electrode, the amount of power applied to an
electrode on the substrate side, and the temperature of the
electrode on the substrate side) are adjusted as appropriate.
[0218] As an etchant used for wet etching, ITO-07N (pro-
duced by Kanto Chemical Co., Inc.) is used. After the wet
etching, the etchant is removed together with the etched mate-
rials by cleaning. The waste liquid including the etchant and
the material etched off may be purified and the material may
be reused. When a material such as indium contained in the
oxide semiconductor layer is collected from the waste liquid
after the etching and reused, the resources can be efficiently
used and the costs can be reduced.

[0219] Note that it is preferable that reverse sputtering be
performed before a conductive film is formed in a subsequent
step, in order to remove a resist residue or the like attached to
surfaces of the island-shaped oxide semiconductor layer 804
and the gate insulating layer 803.

[0220] Then, heat treatment is performed on the oxide
semiconductor layer 804 in a nitrogen atmosphere, an oxygen
atmosphere, an atmosphere of ultra-dry air (air in which the
water content is 20 ppm or less, preferably 1 ppm or less,
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further preferably 10 ppb or less), or a rare gas (e.g., argon or
helium) atmosphere. Heat treatment performed on the oxide
semiconductor layer 804 can eliminate moisture or hydrogen
in the oxide semiconductor layer 804. Specifically, heat treat-
ment may be performed at 350° C. to 850° C. (or the strain
point of a glass substrate), preferably 550° C. to 750° C. For
example, heat treatment can be performed at 600° C. for about
3 to 6 minutes. Since dehydration or dehydrogenation can be
performed in a short time with an RTA method, heat treatment
can be performed even at a temperature over the strain point
of a glass substrate. Alternatively, heat treatment may be
performed for about one hour in a state where the substrate
temperature reaches 450° C.

[0221] Here, the oxide semiconductor layer 804 is sub-
jected to the heat treatment in a nitrogen atmosphere with the
use of an electric furnace which is one example of a heat
treatment apparatus.

[0222] Note that a heat treatment apparatus is not limited to
an electrical furnace, and may include a device for heating an
object to be processed by heat conduction or heat radiation
from a heating element such as a resistance heating element.
For example, an RTA (rapid thermal anneal) apparatus such
as a GRTA (gas rapid thermal anneal) apparatus or an LRTA
(lamp rapid thermal anneal) apparatus can be used. An LRTA
apparatus is an apparatus for heating an object by radiation of
light (an electromagnetic wave) emitted from a lamp such as
a halogen lamp, a metal halide lamp, a xenon arc lamp, a
carbon arc lamp, a high pressure sodium lamp, or a high
pressure mercury lamp. A GRTA apparatus is an apparatus for
heat treatment using a high-temperature gas. As the gas, an
inert gas which does not react with an object by heat treat-
ment, such as nitrogen or a rare gas (e.g., argon) is used.
[0223] For example, as the heat treatment, GRTA in which
the substrate is moved into an inert gas heated at a high
temperature of 650° C. to 700° C., heated for several minutes,
and moved out of the inert gas heated to the high temperature
may be performed. With GRTA, high-temperature heat treat-
ment in a short period of time can be achieved.

[0224] Note that it is preferable that in the heat treatment,
moisture, hydrogen, or the like be not contained in nitrogen or
arare gas such as helium, neon, or argon. It is preferable that
the purity of nitrogen or the rare gas such as helium, neon, or
argon which is introduced into a heat treatment apparatus be
set to be 6N (99.9999%) or higher, preferably 7N
(99.99999%) or higher (i.e., the impurity concentration is 1
ppm or lower, preferably 0.1 ppm or lower).

[0225] When impurities such as moisture or hydrogen is
added to an oxide semiconductor, in a gate bias-temperature
stress test (BT test, the test condition is, for example, at 85° C.
with 2x10° V/em for 12 hours), abond between the impurities
and a main component of the oxide semiconductor is broken
by a high electric field (B: bias) and high temperature (T
temperature), and a dangling bond generated causes shift of
the threshold voltage (Vth). However, in the above manner,
characteristics of the interface between the gate insulating
layer and the oxide semiconductor layer are improved and
impurities in the oxide semiconductor layer, particularly
moisture and hydrogen, are removed as much as possible;
thus, a transistor that can be stable even in a BT test can be
obtained.

[0226] Through the above process, the concentration of
hydrogen in the oxide semiconductor layer 804 can be
reduced and the oxide semiconductor layer can be purified.
Accordingly, the oxide semiconductor layer can be stable. In
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addition, heat treatment at a temperature which is lower than
or equal to the glass transition temperature makes it possible
to form an oxide semiconductor layer with extremely low
carrier density and a wide band gap. Therefore, a transistor
can be manufactured using a large substrate, so that the pro-
ductivity can be increased. Moreover, by using the purified
oxide semiconductor layer with a reduced hydrogen concen-
tration, it is possible to form a transistor with high withstand
voltage, reduced short-channel effect, and a high on/off ratio.
[0227] Note that in the case where the oxide semiconductor
layer is heated, depending on a material or heating conditions
of the oxide semiconductor layer, plate-shaped crystals are
sometimes formed on the top surface of the oxide semicon-
ductor layer. The plate-shaped crystals are preferably single
crystals that are oriented in the c-axis (the direction generally
perpendicular to the surface of the oxide semiconductor
layer). If the plate-shaped crystals are not single crystals, they
are preferably polycrystals where a-b planes of the crystals
are aligned or the a-axes or the b-axes are aligned in the
channel formation region and the crystals are oriented in the
c-axis (the direction substantially perpendicular to the surface
ofthe oxide semiconductor layer). Note that in the case where
a surface of the layer placed below the oxide semiconductor
layer is uneven, the plate-shaped crystals are polycrystals;
therefore, the surface of the layer placed below the oxide
semiconductor layer is preferably as even as possible.
[0228] Next, a conductive film used for the source layer and
the drain layer (including a wiring formed using the same
layer as the source and drain layers) is formed over the oxide
semiconductor layer 804 by sputtering or vacuum evapora-
tion. Then, the conductive film is patterned by etching or the
like, thereby forming the source layer 805 and the drain layer
806 over the oxide semiconductor layer 804, and the wiring
layer 807 that overlaps with the electrode layer 802 with the
gate insulating layer 803 placed therebetween, as illustrated
in FIG. 24C.

[0229] Examples of the material for the conductive film
which serves as the source layer 805, the drain layer 806, and
the electrode layer 807 (including the wiring formed using the
same layer as those layers) are an element selected from Al,
Cr, Cu, Ta, Ti, Mo, and W, an alloy including any of the above
elements as a component; and an alloy including any of these
elements in combination. The conductive film may have a
structure in which a refractory metal film of Cr, Ta, Ti, Mo, W,
or the like is stacked on one or both of a top surface and a
bottom surface of a metal layer of Al, Cu, or the like. Further-
more, the heat resistance can be increased by using an alumi-
num material to which an element that prevents generation of
hillocks and whiskets in an aluminum film, such as Si, Ti, Ta,
W, Mo, Cr, Nd, Sc, or, is added.

[0230] Further, the conductive film may have a single-layer
structure or a stacked structure of two or more layers. For
example, the conductive film can have a single-layer structure
of an aluminum film containing silicon; a two-layer structure
in which a titanium film is stacked over an aluminum film; or
a three-layer structure in which a titanium film, an aluminum
film, and a titanium film are stacked in this order.

[0231] Theconductive film which serves as the source layer
805, the drain layer 806, and the electrode layer 807 (includ-
ing the wiring layer formed using the same layer as these
layers) may be formed using a conductive metal oxide. As the
conductive metal oxide, indium oxide (In,0;), tin oxide
(Sn0,), zinc oxide (ZnO), an alloy of indium oxide and tin
oxide (In,0;—Sn0,, referred to as ITO), an alloy of indium
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oxide and zinc oxide (In,0;—7n0), or any of the metal oxide
materials containing silicon or silicon oxide can be used.
[0232] In the case where heat treatment is performed after
formation of the conductive film, the conductive film prefer-
ably has heat resistance enough to withstand the heat treat-
ment.

[0233] Note that materials and etching conditions are
adjusted as appropriate so that the oxide semiconductor layer
804 is not removed in etching of the conductive film as much
as possible. Depending on the etching conditions, a groove (a
recessed portion) is sometimes formed by etching of part of
an exposed portion of the island-shaped oxide semiconductor
layer 804.

[0234] In order to reduce the number of photomasks and
steps in a photolithography step. etching may be performed
with the use of a resist mask formed using a multi-tone mask
which is a light-exposure mask through which light is trans-
mitted to have a plurality of intensities. A resist mask formed
using a multi-tone mask has a plurality of thicknesses and
further can be changed in shape by etching; therefore, the
resist mask can be used in a plurality of etching steps for
processing into different patterns. Therefore, a resist mask
corresponding to at least two kinds of different patterns can be
formed by one multi-tone mask. Thus, the number of light-
exposure masks can be reduced and the number of corre-
sponding photolithography steps can be also reduced, so that
the process can be simplified.

[0235] Next, plasma treatment is performed using a gas
such as N,O, N, or Ar. By this plasma treatment, absorbed
water and the like attached to an exposed surface of the oxide
semiconductor layer are removed. Alternatively, plasma
treatment may be performed using a mixture gas of oxygen
and argon.

[0236] After the plasma treatment, as illustrated in FIG.
24D, an insulating layer 808 is formed so as to cover the
source layer 805, the drain layer 806, the electrode layer 8§07,
and the oxide semiconductor layer 804. The insulating layer
808 preferably contains impurities such as moisture, hydro-
gen, and oxygen as little as possible, and may be formed using
a single insulating layer or a stack of a plurality of insulating
layers. If hydrogen is contained in the insulating layer 8§08,
hydrogen might enter the oxide semiconductor layer or
extract oxygen from the oxide semiconductor layer, thereby
causing reduction in resistance of a back channel portion of
the oxide semiconductor layer (making the back channel
portion have n-type conductivity), which might result in for-
mation of parasitic channel. Therefore, it is important that the
insulating layer 808 be formed by a method that does not use
hydrogen so that the insulating layer 808 contains as little
hydrogen as possible. The insulating layer 808 is preferably
formed using a material with high barrier properties. For
example, as an insulating film with high barrier properties, the
insulating film having a high barrier property, a silicon nitride
film, a silicon nitride oxide film, an aluminum nitride film, an
aluminum nitride oxide film, or the like can be used. When a
plurality of insulating films stacked is used, an insulating
layer with a low content nitrogen, such as a silicon oxide film
or a silicon oxynitride film, is formed on the side closer to the
oxide semiconductor layer 804 than the insulating layer with
high barrier properties. Then, the insulating layer with high
barrier properties is formed so as to overlap with the source
layer 805, the drain layer 806, and the oxide semiconductor
layer 804 with the insulating layer with a low content of
nitrogen placed therebetween. By using the insulating layer
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with high barrier properties, impurities such as moisture or
hydrogen can be prevented from entering the oxide semicon-
ductor layer 804, the gate insulating layer 803, or the interface
between the oxide semiconductor layer 804 and another insu-
lating layer and the vicinity thereof. In addition, when the
insulating layer with a low content of nitrogen, such as a
silicon oxide film or a silicon oxynitride film, is formed in
contact with the oxide semiconductor layer 804, the insulat-
ing layer formed using a material with high barrier properties
canbe prevented from being directly in contact with the oxide
semiconductor layer 804.

[0237] Here, the gate insulating layer 808 in which a 100-
nm-thick silicon nitride film formed by sputtering is stacked
over a 200-nm-thick silicon oxide film formed by sputtering
is formed. The substrate temperature at the time of deposition
can be from room temperature to 300° C. or lower and is 100°
C. in this embodiment.

[0238] Note that heat treatment may be performed after the
insulating layer 808 is formed. The heat treatment is pet-
formed at preferably 200° C. to 400° C. (e.g., 250° C. to 350°
C.) in a nitrogen atmosphere, an oxygen atmosphere, an
atmosphere of ultra-dry air (air in which the water content is
20 ppm or less, preferably 1 ppm or less, further preferably 10
ppb or less), or a rare gas (e.g., argon or helium) atmosphere.
Here, for example, heat treatment is performed at 250° C. for
1 hour in a nitrogen atmosphere. Alternatively, before the
source layer 805, the drain layer 806, and the electrode layer
807 are formed, RTA treatment at high temperatures for a
short time may be performed in a manner similar to the
previous heat treatment performed on the oxide semiconduc-
tor layer. Even if oxygen vacancy is created in the oxide
semiconductor layer 804 because of the heat treatment per-
formed on the oxide semiconductor layer, oxygen is supplied
to the oxide semiconductor layer 804 when heat treatment is
performed after the insulating layer 808 containing oxygen is
provided in contact with an exposed region of the oxide
semiconductor layer 804 placed between the source layer 805
and the drain layer 806. Accordingly, by supplying oxygen to
the region of the oxide semiconductor layer 804 which is in
contact with the insulating layer 808, oxygen vacancies serv-
ing as donors can be reduced and the stoichiometric compo-
sition ratio can be satisfied. As a result, the oxide semicon-
ductor layer 804 can be made to be an intrinsic semiconductor
layer or a substantially intrinsic semiconductor layer. As a
result, an oxide semiconductor film can be made to be an
intrinsic semiconductor film or a substantially intrinsic semi-
conductor film. Accordingly, electric characteristics of the
transistor can be improved and variation in the electric char-
acteristics thereof can be reduced. The timing of this heat
treatment is not particularly limited as long as it is after the
formation of the insulating layer 808. When this heat treat-
ment also serves as heat treatment in another step (e.g., heat
treatment at the time of formation of a resin film or heat
treatment for reducing the resistance of a transparent conduc-
tive film), the oxide semiconductor layer 804 can be intrinsic
or substantially intrinsic without an increase in the number of
steps.

[0239] Next, a conductive film may be formed over the
insulating layer 808 and patterned so that a back gate layer
may be formed so as to overlap with the oxide semiconductor
layer 804. In the case where the back gate layer is formed, an
insulating layer is formed so as to cover the back gate layer.
The back gate layer can be formed using a material and a
structure which are similar to those of the gate layer 801 and
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the electrode layer 802 or those of the source layer 805, the
drain layer 806, and the electrode layer 807.

[0240] The thickness of the back gate layer is 10 nm to 400
nm, preferably 100 nm to 200 nm Here, the back gate layer is
formed in the following manner: a conductive film in which a
titanium film, an aluminum film, and a titanium film are
stacked is formed, a resist mask is formed by photolithogra-
phy or the like, and unnecessary pottions are removed by
etching so that the conductive film is processed (patterned) to
a desired shape.

[0241] The insulating layer is preferably formed using a
material with high barrier properties that can prevent mois-
ture, hydrogen, oxygen, and the like in an atmosphere from
adversely affecting the characteristics of the transistor. For
example, the insulating layer with high barrier properties can
be formed with a single-layer structure or a stacked structure
of a silicon nitride film, a silicon nitride oxide film, an alumi-
num nitride film, an aluminum nitride oxide film, and/or the
like by plasma CVD, sputtering, or the like. In order to obtain
an effect of barrier properties, the insulating layer is prefer-
ably formed to a thickness of 15 nm to 400 nm, for example.
[0242] Here, a 300-nm-thick insulating layer is formed by
plasma CVD. The deposition conditions for the insulating
layer are as follows: the flow rate of a silane gas is 4 sccm; the
flow rate of dinitrogen monoxide (N,0) is 800 sccm; and the
substrate temperature is 400° C.

[0243] Through the above steps, a transistor 809 and a
capacitor 810 are formed. Note that the capacitor 810 is
formed in a region where the electrode layer 807 overlaps
with the electrode layer 802 with the gate insulating layer 803
placed therebetween.

[0244] The transistor 809 includes the gate layer 801, the
gate insulating layer 803 over the gate layer 801, the oxide
semiconductor layer 804 that overlaps with the gate layer 801
with the gate insulating layer 803 placed therebetween, and
the source layer 805 and the drain layer 806 that are formed
over the oxide semiconductor layer 804. The transistor 809
may further include the insulating layer 808 provided over the
oxide semiconductor layer 804 as its component. The tran-
sistor 809 illustrated in FIG. 24D has a channel-etched struc-
ture in which part of the oxide semiconductor layer 804
between the source layer 805 and the drain layer 806 is
etched.

[0245] Note that the transistor 809 is described as a single-
gate transistor; alternatively, a multi-gate transistor including
a plurality of channel formation regions by including a plu-
rality of the gate layers 801 that are electrically connected to
each other can be manufactured if needed.

(Various Electronic Devices Including Liquid Crystal Dis-
play Device)

[0246] Examples of electronic devices including any of the
liquid crystal display devices disclosed in this specification
will be described below with reference to FIGS. 25A to 25F.
[0247] FIG. 25A illustrates a notebook personal computer
including a main body 2201, a housing 2202, a display por-
tion 2203, a keyboard 2204, and the like.

[0248] FIG. 25B illustrates a personal digital assistant
(PDA). A main body 2211 is provided with a display portion
2213, anexternal interface 2215, operation buttons 2214, and
the like. A stylus 2212 is provided as an accessory for oper-
ating the PDA.

[0249] FIG. 25C illustrates an e-book reader 2220 as an
example of electronic paper. The e-book reader 2220 includes
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two housings of a housing 2221 and a housing 2223. The
housings 2221 and 2223 are united with an axis portion 2237,
along which the e-book reader 2220 can be opened and
closed. With such a structure, the e-book reader 2220 can be
used like a paper book.

[0250] A display portion 2225 is incorporated in the hous-
ing 2221, and a display portion 2227 is incorporated in the
housing 2223. The display portion 2225 and the display por-
tion 2227 may display one image or different images. In the
case where the display portions 2225 and 2227 display dif-
ferent images, for example, the right display portion (the
display portion 2225 in F1G. 25C) can display text and the left
display portion (the display portion 2227 in FIG. 25C) can
display pictures.

[0251] Further, in FIG. 25C, the housing 2221 is provided
with an operation portion and the like. For example, the
housing 2221 is provided with a power switch 2231, an opera-
tion key 2233, and a speaker 2235. Pages can be turned with
the operation key 2233. Note that a keyboard, a pointing
device, or the like may also be provided on the surface of the
housing, on which the display portion is provided. An exter-
nal connection terminal (e.g., an earphone terminal, a USB
terminal, or a terminal that can be connected to an AC adapter
or various cables such as a USB cable), a recording medium
insertion portion, and the like may be provided on the back
surface or the side surface of the housing. Further, the e-book
reader 2220 may have a function of an electronic dictionary.
[0252] Thee-book reader 2220 may be configured to trans-
mit and receive data wirelessly. Through wireless communi-
cation, desired book data or the like can be purchased and
downloaded from an e-book server.

[0253] Note that electronic paper can be applied to devices
in a variety of fields as long as they display data. For example,
electronic paper can be used for posters, advertisement in
vehicles such as trains, and display in a variety of cards such
as credit cards in addition to e-book readers.

[0254] FIG. 25D illustrates a mobile phone. The mobile
phone includes two housings of ahousing 2240 and a housing
2241. The housing 2241 is provided with a display panel
2242, a speaker 2243, a microphone 2244, a pointing device
2246, a camera lens 2247, an external connection terminal
2248, and the like. The housing 2240 is provided with a solar
cell 2249 for charging the mobile phone, an external memory
slot 2250, and the like. An antenna is incorporated in the
housing 2241.

[0255] The display panel 2242 has a touch panel function.
In FIG. 25D, a plurality of operation keys 2245 displayed as
images are shown by dashed lines. Note that the mobile phone
includes a booster circuit for increasing a voltage output from
the solar cell 2249 to a voltage needed for each circuit. More-
over, the mobile phone can include a contactless IC chip, a
small recording device, or the like in addition to the above
components.

[0256] The display orientation of the display panel 2242
changes as appropriate in accordance with the application
mode. Further, the camera lens 2247 is provided on the same
surface as the display panel 2242, so that the mobile phone
can be used as a video phone. The speaker 2243 and the
microphone 2244 can be used for videophone calls, record-
ing, playing sound, and the like as well as voice calls. The
housings 2240 and 2241 which are unfolded as illustrated in
FIG. 25D can slide so that one overlaps the other. Thus, the
size of the mobile phone can be reduced, which makes the
mobile phone suitable for being carried.
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[0257] The external connection terminal 2248 can be con-
nected to an AC adapter or a variety of cables such as a USB
cable, which enables charging of the mobile phone and data
communication. Moreover, a larger amount of data can be
saved and moved by inserting a recording medium to the
external memory slot 2250. Further, the mobile phone may
have an infrared communication function, a television recep-
tion function, or the like in addition to the above functions.
[0258] FIG. 25E illustrates a digital camera. The digital
camera includes a main body 2261, a display portion (A)
2267, an eyepiece 2263, an operation switch 2264, a display
portion (B) 2265, a battery 2266, and the like.

[0259] FIG. 25F illustrates a television set. In a television
set 2270, a display portion 2273 is incorporated in a housing
2271. The display portion 2273 can display images. Here, the
housing 2271 is supported by a stand 2275.

[0260] Thetelevision set 2270 can be operated by an opera-
tion switch of the housing 2271 or a separate remote control-
ler 2280. With operation keys 2279 of the remote controller
2280, channels and volume can be controlled and an image
displayed on the display portion 2273 can be controlled.
Moreover, the remote controller 2280 may have a display
portion 2277 that displays data output from the remote con-
troller 2280.

[0261] Note that the television set 2270 is preferably pro-
vided with a receiver, a modem, and the like. A general
television broadcast can be received with the receiver. More-
over, when the television set is connected to a communication
network with or without wires via the modem, one-way (from
a sender to a receiver) or two-way (between a sender and a
receiver or between receivers) data communication can be
performed.

[0262] This application is based on Japanese Patent Appli-
cation serial No. 2010-090935 and 2010-114435 filed with
Japan Patent Office on Apr. 9, 2010 and May 18, 2010, respec-
tively, the entire contents of which are hereby incorporated by
reference.

1. A display device comprising:

a first signal line provided so as to be supplied with a first
image signal in a first horizontal scan period which is
included in a first sampling period, and supplied with a
second image signal in a second horizontal scan period
which is included in a second sampling period;

a second signal line provided so as to be supplied with a
third image signal in the first horizontal scan period, and
supplied with a fourth image signal in the second hori-
zontal scan period;

a first scan line and a second scan line which are provided
so as to be supplied with a selection signal in the first
horizontal scan period, and supplied with a non-selec-
tion signal in the second horizontal scan period,

athird scan line and a fourth scan line which are provided
so as to be supplied with a non-selection signal in the
first horizontal scan period, and supplied witha selection
signal in the second horizontal scan period;

afirst pixel electrically connected to the first signal line, the
second signal line, the first scan line, and the third scan
line, wherein the first pixel is provided so as to be sup-
plied with the first image signal in the first horizontal
scan period, and supplied with the fourth image signal in
the second horizontal scan period;

asecond pixel electrically connected to the first signal line,
the second signal line, the second scan line, and the
fourth scan line, wherein the second pixel is provided so
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as to be supplied with the third image signal in the first
horizontal scan period, and supplied with the second
image signal in the second horizontal scan period;

a first shift register configured to supply a selection signal
to the first scan line in the first horizontal scan period and
supply a selection signal to the fourth scan line in the
second horizontal scan period; and

a second shift register configured to supply a selection
signal to the second scan line in the first horizontal scan
period and supply a selection signal to the third scan line
in the second horizontal scan period.

2. The display device according to claim 1,

wherein the first pixel includes:

a first transistor, wherein a gate of the first transistor is
electrically connected to the first scan line, and one of a
source and a drain of the first transistor is electrically
connected to the first signal line;

a second transistor, wherein a gate of the second transistor
is electrically connected to the third scan line, and one of
a source and a drain of the second transistor is electri-
cally connected to the second signal line; and

a first liquid crystal element, wherein one electrode of the
first liquid crystal element is electrically connected to
the other of the source and the drain of the first transistor
and the other of the source and the drain of the second
transistor,

wherein the second pixel includes:

a third transistor, wherein a gate of the third transistor is
electrically connected to the fourth scan line, and one of
a source and a drain of the third transistor is electrically
connected to the first signal line;

a fourth transistor, wherein a gate of the fourth transistor is
electrically connected to the second scan line, and one of
asource and a drain of the fourth transistor is electrically
connected to the second signal line; and

a second liquid crystal element, wherein one electrode of
the second liquid crystal element is electrically con-
nected to the other of the source and the drain of the third
transistor and the other of the source and the drain of the
fourth transistor, and

wherein each of the first to fourth transistors includes a
channel formation region including an oxide semicon-
ductor.

3. The display device according to claim 1, wherein each of
the first shift register and the second shift register includes a
transistor which includes a channel formation region includ-
ing an oxide semiconductor.

4. A display device comprising:

a first signal line provided so as to be supplied with a first
image signal in a first horizontal scan period which is
included in a first sampling period, supplied with a sec-
ond image signal in a second horizontal scan period
which is included in a second sampling period, and
supplied with a third image signal in a third horizontal
scan period which is included in a third sampling period,

a second signal line provided so as to be supplied with a
fourth image signal in the first horizontal scan period,
supplied with a fifth image signal in the second horizon-
tal scan period, and supplied with a sixth image signal in
the third horizontal scan period,

a third signal line provided so as to be supplied with a
seventh image signal in the first horizontal scan period,
supplied with an eighth image signal in the second hori-
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zontal scan period, and supplied with a ninth image

signal in the third horizontal scan period,

afirst scan line, a fifth scan line, and a ninth scan line which
are provided so as to be supplied with a selection signal
in the first horizontal scan period;

athird scan line, a fourth scan line, and an eighth scan line
which are provided so as to be supplied with a selection
signal in the second horizontal scan period;

asecond scan line, a sixth scan line, and a seventh scan line
which are provided so as to be supplied with a selection
signal in the third horizontal scan period,

afirst pixel electrically connected to the first signal line, the
second signal line, the third signal line, the first scan line,
the second scan line, and the third scan line,

asecond pixel electrically connected to the first signal line,
the second signal line, the third signal line, the fourth
scan line, the fifth scan line, and the sixth scan line,

a third pixel electrically connected to the first signal line,
the second signal line, the third signal line, the seventh
scan line, the eighth scan line, and the ninth scan line,

a first shift register electrically connected to the first scan
line, the fourth scan line, and the seventh scan line;

a second shift register electrically connected to the second
scan line, the fifth scan line, and the eighth scan line; and

athird shift register electrically connected to the third scan
line, the sixth scan line, and the ninth scan line.

5. The display device according to claim 4,

wherein the first pixel comprises:

a first transistor, wherein a gate of the first transistor is
electrically connected to the first scan line, and one of
asource and a drain of the first transistor is electrically
connected to the first signal line;

asecond transistor, wherein a gate of the second transis-
tor is electrically connected to the second scan line,
and one ofa source and a drain of the second transistor
1s electrically connected to the second signal line;

a third transistor, wherein a gate of the third transistor is
electrically connected to the third scan line, and one of
a source and a drain of the third transistor is electri-
cally connected to the third signal line; and

a first liquid crystal element, wherein one of electrodes
of the first liquid crystal element is electrically con-
nected to the other of the source and the drain of the
first transistor, the other of the source and the drain of
the second transistor, and the other of the source and
the drain of the third transistor,

wherein the second pixel comprises:

a fourth transistor, wherein a gate of the fourth transistor
is electrically connected to the fourth scan line, and
one of a source and a drain of the fourth transistor is
electrically connected to the first signal line;

a fifth transistor, wherein a gate of the fifth transistor is
electrically connected to the fifth scan line, and one of
a source and a drain of the fifth transistor is electri-
cally connected to the second signal line;

a sixth transistor, wherein a gate of the sixth transistor is
electrically connected to the sixth scan line, and one
of a source and a drain of the sixth transistor is elec-
trically connected to the third signal line; and

a second liquid crystal element, wherein one of elec-
trodes of the second liquid crystal element is electri-
cally connected to the other of the source and the drain
of the fourth transistor, the other of the source and the
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drain of the fifth transistor, and the other of the source
and the drain of the sixth transistor, and

wherein the third pixel comprises:

aseventh transistor, wherein a gate of the seventh transistor
is electrically connected to the seventh scan line, and one
of a source and a drain of the seventh transistor is elec-
trically connected to the first signal line;

an eighth transistor, wherein a gate of the eighth transistor
is electrically connected to the eighth scan line, and one
of a source and a drain of the eighth transistor is electri-
cally connected to the second signal line;

a ninth transistor, wherein a gate of the ninth transistor is
electrically connected to the ninth scan line, and one of
a source and a drain of the ninth transistor is electrically
connected to the third signal line; and

a third liquid crystal element, wherein one of electrodes of
the third liquid crystal element is electrically connected
to the other of the source and the drain of the seventh
transistor, the other of the source and the drain of the
eighth transistor, and the other of the source and the
drain of the ninth transistor,

wherein each of the first to ninth transistors includes a
channel formation region including an oxide semicon-
ductor.

6. The display device according to claim 4, wherein each of
the first shift register and the second shift register includes a
transistor which includes a channel formation region includ-
ing an oxide semiconductor.

7. A display device comprising:

a first signal line provided so as to be supplied with a first
image signal in a first horizontal scan period which is
included in a first sampling period, and supplied with a
second image signal in a second horizontal scan period
which is included in a second sampling period;

a second signal line provided so as to be supplied with a
third image signal in the first horizontal scan period, and
supplied with a fourth image signal in the second hori-
zontal scan period;

a first scan line and a second scan line which are provided
so as to be supplied with a selection signal in the first
horizontal scan period and the second horizontal scan
period,;

afirst pixel electrically connected to the first signal line and
the first scan line, wherein the first pixel is provided so as
to be supplied with the first image signal in the first
horizontal scan period, and supplied with the second
image signal in the second horizontal scan period;

a second pixel electrically connected to the second signal
line and the second scan line, wherein the second pixel is
provided so as to be supplied with the third image signal
in the first horizontal scan period, and supplied with the
fourth image signal in the second horizontal scan period,;

a first shift register configured to supply a selection signal
to the first scan line in the first horizontal scan period and
the second horizontal scan period; and

a second shift register configured to supply a selection
signal to the second scan line in the first horizontal scan
period and the second horizontal scan period.

8. The display device according to claim 7,

wherein the first pixel includes:

a first transistor, wherein a gate of the first transistor is
electrically connected to the first scan line, and one of a
source and a drain of the first transistor is electrically
connected to the first signal line; and
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a first liquid crystal element, wherein one electrode of the
first liquid crystal element is electrically connected to
the other of the source and the drain of the first transistor,

wherein the second pixel includes:

a second transistor, wherein a gate of the second transistor
is electrically connected to the second scan line, and one
of a source and a drain of the second transistor is elec-
trically connected to the second signal line; and

a second liquid crystal element, wherein one electrode of
the second liquid crystal element is electrically con-
nected to the other of the source and the drain of the
second transistor, and

wherein each of the first transistor and the second transistor
includes a channel formation region including an oxide
semiconductor.

9. The display device according to claim 7, wherein each of
the first shift register and the second shift register includes a
transistor which includes a channel formation region includ-
ing an oxide semiconductor.

10. A method for driving a display device comprising the
steps of:

in a sampling period in which an image signal is inputto a
plurality of pixels in a first to n-th rows (n is a natural
number of 3 or more) by sequentially shifting a selection
signal from a first scan line to an n-th scan line and an
image signal is input to a plurality of pixels inan (n+1)th
to 2n-th rows by sequentially shifting a selection signal
from an (n+1)th scan line to a 2n-th scan line,

after finishing shifting the selection signal from the first
scan line to the k-th scan line (k is a natural number of 2
or more and less than n) and from the (n+1)th scan line
to the (n+k)th scan line, making alight source for the first
to k-th rows and a light source for the (n+1)th to (n+k)th
rows emit light and;

controlling transmission of the light emitted from the light
source for the first to k-th rows in each of the plurality of
pixels in the first to k-th rows, and controlling transmis-
sion of the light emitted from the light source for the
(n+1)th to (n+k)th rows in each of the plurality of pixels
in the (n+1)th to (n+k)th rows,
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wherein one of the plurality of light sources emits light
whose color is different from that of another one of the
plurality of light sources.

11. The method for driving a display device, according to
claim 10, wherein a color of the light emitted from the light
source for the first to k-th rows and a color of the light emitted
from the light source for the (n+1)th to (n+k)th rows are
different from each other.

12. A method for driving a display device comprising the
steps of:

in a sampling period in which an image signal is input to a

plurality of pixels in a first to n-th rows (n is a natural
number of 3 or more) through first transistors included in
the pixels in the first to n-th rows by sequentially shifting
a selection signal from a first scan line to an n-th scan
line, and an image signal is input to a plurality of pixels
in an (n+1)th to 2n-th rows through second transistors
included in the pixels in the (n+1)th to 2n-th rows by
sequentially shifting a selection signal from an (n+1)th
scan line to a 2n-th scan line,

after finishing shifting the selection signal from the first

scan line to the k-th scan line (k is a natural number of 2
or more and less than n) and from the (n+1)th scan line
to the (n+k)th scan line, making alight source for the first
to k-th rows and a light source for the (n+1)th to (n+k)th
rows emit light, and

controlling transmission of the light emitted from the light

source for the first to k-th rows in each of the plurality of
pixels in the first to k-th rows, and controlling transmis-
sion of the light emitted from the light source for the
(n+1)th to (n+k)th rows in each of the plurality of pixels
in the (n+1)th to (n+k)th rows,

wherein one of the plurality of light sources emits light

whose color is different from that of another one of the
plurality of light sources.

13. The method for driving a display device, according to
claim 12, wherein a color of the light emitted from the light
source for the first to k-th rows and a color of the light emitted
from the light source for the (n+1)th to (n+k)th rows are
different from each other.
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