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DISPLAY DEVICE AND ELECTRONIC
DEVICE INCLUDING THE SAME

TECHNICAL FIELD

[0001] The present invention relates to display devices.
Further, the present invention relates to electronic devices
including the display device.

BACKGROUND ART

[0002] As display devices, liquid crystal display devices or
electroluminescence display devices (hereinafter, referred to
as EL display devices) including electroluminescence ele-
ments are known. The mainstream of liquid crystal display
devices is a display device utilizing liquid crystal called nem-
atic liquid crystal. Further, a display device utilizing a liquid
crystal material which exhibits a blue phase has been attract-
ing attention in recent years (e.g., see Patent Document 1).

[Reference]

[0003] [Patent Document 1] PCT International Publication
No. 05/090520

DISCLOSURE OF INVENTION

[0004] A display device including a liquid crystal material
which exhibits a blue phase has characteristics in that high-
speed response is possible, a viewing angle is wide, and an
alignment film is not required. On the other hand, the display
device including a liquid crystal material which exhibits a
blue phase has a problem in that driving voltage is signifi-
cantly higher than that of a liquid crystal display device of
another type. Therefore, in an active matrix liquid crystal
display device including a liquid crystal material which
exhibits a blue phase where transistors serve as switching
elements, the transistors need to have high drain breakdown
voltage. In addition, significantly high driving voltage will
lead to high power consumption.

[0005] An object of one embodiment of the present inven-
tion is to provide a highly-reliable display device including a
liquid crystal material which exhibits a blue phase. Further,
another object is to provide a low-power-consuming display
device including a liquid crystal material which exhibits a
blue phase. Note that the present invention solves at least one
of the above problems.

[0006] In view of the foregoing problems, in one embodi-
ment of the present invention, each pixel ina display device at
least includes a transistor including a high-purity oxide semi-
conductor. Here, a “high-purity oxide semiconductor” is an
oxide semiconductor in which hydrogen is reduced as much
as possible and which is intrinsic or substantially intrinsic.
One example of a high-purity oxide semiconductor is an
oxide semiconductor the hydrogen concentration of which is
5%x10*/cm? or less at most, preferably 5x10%cm? or less,
more preferably 5x107/cm? or less, or less than 1x10*%cm’.
A transistor is formed using, for a channel formation region,
an oxide semiconductor film the carrier concentration of
which is less than 1x10'*cm®, preferably less than 1x10'%/
cm?®, more preferably less than 1x10*!/cm? or less than 6.0x
10"°/cm?. Note that the hydrogen concentration in the oxide
semiconductor layer may be measured by secondary ion mass
spectrometry (SIMS).

[0007] An embodiment of the present invention is a display
device including: a first substrate having a pixel portion in
which a pixel including a transistor is provided; a second
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substrate which faces the first substrate; and a liquid crystal
layer between the first substrate and the second substrate; in
which the liquid crystal layer includes a liquid crystal mate-
rial which exhibits a blue phase; a gate of the transistor is
electrically connected to a scan line, one of a source and a
drain of the transistor is electrically connected to a signal line,
and the other of the source and the drain of the transistor is
electrically connected to an electrode; and the transistor
includes an oxide semiconductor layer a hydrogen concen-
tration of which is 5x10"/cm® or less.

[0008] Another embodiment of the present invention is a
display device including: a first substrate having a pixel por-
tion in which a pixel including a transistor is provided; a
second substrate which faces the first substrate; a liquid crys-
tal layer between the first substrate and the second substrate;
and a capacitor digital-to-analog converter which converts a
digital video signal into an analog video signal: in which the
liquid crystal layer includes a liquid crystal material which
exhibits a blue phase; a gate of the transistor is electrically
connected to a scan line, one of a source and a drain of the
transistor is electrically connected to a signal line, and the
other of the source and the drain of the transistor is electrically
connected to an electrode; the transistor includes an oxide
semiconductor layer a hydrogen concentration of which is
5x10"%/em? or less; and the analog video signal is input to the
electrode via the signal line and the transistor.

[0009] Further, another embodiment of the present inven-
tion is a display device in which a period when the display
device displays a still image includes a period when output of
a signal to all the scan lines in the pixel portion is stopped.

[0010] Another embodiment of the present invention is a
display device including: a first substrate having a pixel por-
tion in which a pixel including a transistor is provided; a
second substrate which faces the first substrate; and a liquid
crystal layer between the first substrate and the second sub-
strate, the liquid crystal layer including a liquid crystal mate-
rial which exhibits a blue phase; a driver circuit portion driv-
ing the pixel portion; a signal generation circuit generating a
control signal for driving the driver circuit portion and an
image signal supplied to the pixel; a memory circuit storing
image signals of respective frame periods; a comparison cir-
cuit detecting a difference between image signals of succes-
sive frame periods among the image signals of the respective
frame periods stored in the memory circuit; a selection circuit
selecting and outputting the image signals of the successive
frame periods when the comparison circuit detects a differ-
ence; and a display control circuit supplying the control sig-
nal and the image signal output from the selection circuit to
the driver circuit portion when the comparison circuit detects
a difference, and stopping supply of the control signal to the
driver circuit portion when the comparison circuit does not
detect a difference; in which the transistor includes an oxide
semiconductor layer a hydrogen concentration of which is
5x10"/cm’ or less.

[0011] In another embodiment of the present invention, the
control signal is a high power supply potential, a low power
supply potential, a clock signal, a start pulse signal, or a reset
signal.

[0012] In another embodiment of the present invention, a
carrier concentration of the oxide semiconductor layer is less
than 1x10™/cm?.

[0013] Inanother embodiment of the present invention, the
oxide semiconductor layer has a band gap of 2 eV or more.
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[0014] In another embodiment of the present invention, a
resistivity of the liquid crystal material which exhibits a blue
phase is 1x10° -cm or more.

[0015] Another embodiment of the present invention is an
electronic device including the above display device.

[0016] Note that a “liquid crystal material” refers to a com-
position containing liquid crystal. A liquid crystal material
which exhibits a blue phase contains liquid crystal and a
chiral agent. As the liquid crystal, thermotropic liquid crystal,
low-molecular liquid crystal, high-molecular liquid crystal,
ferroelectric liquid crystal, anti-ferroelectric liquid crystal, or
the like is used. The chiral agent is employed to align the
liquid crystal in a helical structure and to make the liquid
crystal exhibit a blue phase. For example, a liquid crystal
material into which a chiral agent is mixed at 5 wt % or more
is used for a liquid crystal layer.

[0017] Note that it is difficult to distinguish a source and a
drain of a transistor from each other because of the structure
thereof. Further, potential levels may be interchanged
depending on an operation of a circuit. Therefore, in this
specification, a source and a drain is not particularly specified
and are referred to as a first electrode (or a first terminal) and
a second electrode (or a second terminal). For example, in the
case where the first electrode is a source, the second electrode
refers to a drain, whereas in the case where the first electrode
is a drain, the second electrode refers to a source.

[0018] Note that in this specification, an aperture ratio
refers to a ratio of a light-transmitting area to a unit area; the
apertureratio is decreased as an area occupied by components
that do not transmit light is widened, whereas the aperture
ratio is increased as an area occupied by components that
transmit light is widened. In a display device, the aperture
ratio is increased by a reduction in area occupied by a wiring
and a capacitor line that overlap with a pixel electrode, and by
a reduction in size of a transistor.

[0019] In this specification, the phrase “A and B are con-
nected” refers to the case where A and B are electrically
connected (i.e., A and B are connected with another element
or circuit interposed therebetween), the case where A and B
are functionally connected (i.e., A and B are functionally
connected with another circuit interposed therebetween), or
the case where A and B are directly connected (i.e., A and B
are connected without another element or circuit interposed
therebetween). Note that, each of A and B is an object (e.g., a
device, an element, a circuit, a wiring, an electrode, a termi-
nal, a conductive film, or a layer).

[0020] Further, in this specification, ordinal numbers such
as first, second, third, to N-th (N is a natural number) are used
in order to avoid confusion among components, and the terms
do not limit the components numerically. For example, a
transistor which is referred to as a “first transistor” in this
specification may alternatively be referred to as a “second
transistor” as long as it is not confused with another compo-
nent.

[0021] According to one embodiment of the present inven-
tion, a transistor including a high-purity oxide semiconductor
is used as a switching element in each pixel. A transistor
including a high-purity oxide semiconductor has stable elec-
trical characteristics. For example, the drain breakdown volt-
age can be 100V or more, preferably 500 V, more preferably
1 kV or more. Therefore, with such a transistor, a highly-
reliable display device can be provided even in the case where
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the driving voltage is high like the case of a display device
including a liquid crystal material which exhibits a blue
phase.

[0022] Inaddition, off-state current of a transistor including
ahigh-purity oxide semiconductor can be reduced to 1x107*°
A or less, preferably 1x107'7 A or less, more preferably
1x107*® A or less. Thus, voltage can be held in a storage
capacitor for a long period of time and thus power consump-
tion for displaying a still image or the like can be suppressed.
[0023] Furthermore, the image to be displayed is deter-
mined whether it is a still image or a moving image, and in a
period in which a still image is displayed, operation of adriver
circuit portion is stopped, whereby power consumption of the
display device can be further reduced.

BRIEF DESCRIPTION OF DRAWINGS

[0024] FIG. 1 illustrates a structural example of a display
device.
[0025] FIGS. 2A and 2B are each an equivalent circuit

diagram illustrating a structural example of a pixel.

[0026] FIG. 3 illustrates an example of a block diagram of
a display device.

[0027] FIGS. 4A and 4B each illustrate a relation between
a writing period and a holding period of a pixel.

[0028] FIGS. 5A and 5B are a plan view and a cross-sec-
tional view illustrating a structural example of a pixel.
[0029] FIG. 6 is a cross-sectional view illustrating a struc-
tural example of a pixel.

[0030] FIG. 7 is a cross-sectional view illustrating a struc-
tural example of a pixel.

[0031] FIG. 8isan example ofa block diagram of a display
device.

[0032] FIGS. 9A to 9C illustrate an example of a driver
circuit.

[0033] FIG. 10 is a timing diagram of a driver circuit.
[0034] FIGS. 11A to 11C illustrate an example of a driver
circuit.

[0035] FIGS. 12A to 12D illustrate examples of a process

for supplying and stopping signals supplied to a driver circuit.
[0036] FIGS. 13A and 13B are a plan view and a cross-
sectional view illustrating an example of a transistor.

[0037] FIGS. 14A to 14E are cross-sectional views illus-
trating an example of a method for manufacturing a transistor.
[0038] FIGS. 15A to 15E are cross-sectional views illus-
trating an example of a method for manufacturing a transistor.
[0039] FIGS. 16A to 16D are cross-sectional views illus-
trating an example of a method for manufacturing a transistor.
[0040] FIGS. 17A to 17D are cross-sectional views illus-
trating an example of a method for manufacturing a transistor.

[0041] FIGS. 18A1, 18A2, and 18B are plan views and a
cross-sectional view illustrating an example of aliquid crystal
display panel.

[0042] FIGS. 19A to 19C each illustrate an electronic
device.

[0043] FIGS. 20A to 20D each illustrate an electronic
device.

[0044] FIG. 21 is an energy band diagram.

[0045] FIG. 22 illustrates a transistor including an oxide
semiconductor.

[0046] FIGS. 23A and 23B are energy band diagrams.
[0047] FIGS. 24A and 24B are energy band diagrams.
[0048] FIG. 25 is a graph showing electric characteristics of
a transistor.
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[0049] FIG. 26 is a graph showing a light transmittance
characteristic of a liquid crystal material which exhibits a blue
phase in accordance with voltage.

[0050] FIGS.27A and 27B illustrate structural examples of
a circuit of a capacitor digital-to-analog converter.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0051] Embodiments of the present invention will be
described in detail with reference to the drawings. Note that
the present invention is not limited to the following descrip-
tion and it will be readily appreciated by those skilled in the
art that modes and details can be modified in various ways
without departing from the spirit and the scope of the present
invention. Accordingly, the present invention should not be
construed as being limited to the description of the embodi-
ments. Note that in the embodiments of present invention to
be described below, the same reference numerals are used to
denote the same components in different drawings.

[0052] Note that, each of the embodiments described below
can be implemented by being combined with any of the other
embodiments given in this specification unless otherwise
specified.

Embodiment 1

[0053] In this embodiment, an example of a display device
which is one embodiment of the present invention will be
described. Specifically, a structural example of a pixel in a
pixel portion of a display device will be described.

[0054] FIG. 1 illustrates a structural example of a display
device which is one embodiment of the present invention. As
is illustrated in FIG. 1, in a display device, a pixel portion 202
in which a plurality of pixels 201 are arranged in a matrix is
provided over a substrate 200. In addition, the display device
includes a scan line driver circuit 203 (a first driver circuit)
and a signal line driver circuit 204 (a second driver circuit) as
circuits for driving the plurality of pixels 201. Whether the
pixels 201 are in a selected state or in a non-selected state is
determined for each row in accordance with a scan signal
supplied through a first wiring 101 (a scan line) electrically
connected to the scan line driver circuit 203. The pixel 201
selected by the scan signal is supplied with a video voltage
(also referred to as an image signal, a video signal, or video
data) through a second wiring 102A (asignal line) electrically
connected to the signal line driver circuit 204.

[0055] Note that although FIG. 1 illustrates a structure
where the scan line driver circuit 203 and the signal line driver
circuit 204 are provided over the substrate 200, the present
invention is not limited to this structure. Only one of the scan
line driver circuit 203 and the signal line driver circuit 204
may be provided over the substrate 200 and the other may be
separately mounted. Alternatively, only the pixel portion 202
may be provided over the substrate 200 and the scan line
driver circuit 203 and the signal line driver circuit 204 may be
separately mounted.

[0056] Further, although FIG. 1 illustrates an example
where the plurality of pixels 201 are arranged in a matrix (a
stripe arrangement), the present invention is not limited to this
structure. As for the arrangement of the pixels 201, a delta
arrangement or Bayer arrangement may be employed as an
alternative to a stripe arrangement.

[0057] As a display method in the pixel portion 202, a
progressive method, an interlace method or the like can be
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employed. Color components controlled in the pixel at the
time of color display are not limited to three colors of R, G,
and B (R, G and B represent red, green, and blue, respec-
tively); for example, R, G, B, and W (W represents white), or
R, G, B, and one or more of yellow, cyan, magenta, and the
like can be employed. Further, the sizes of display regions of
may be different between color components of dots. Note that
the present invention is not limited to the application to a
display device for color display; the present invention can
also be applied to a display device for monochrome display.
[0058] Further, although FIG. 1 illustrates a structure where
the ratio of the number of first wirings 101 to the number of
second wirings 102A, which are respectively extended in the
row direction and the column direction of the pixels, is one to
one, the present invention is not limited to this structure. For
example, adjacent pixels 201 may share the first wiring 101 or
the second wiring 102A and be driven.

[0059] FIG. 2A is an equivalent circuit diagram illustrating
a structural example of the pixel 201 in FIG. 1.

[0060] The pixel 6400 includes a transistor (hereinafter,
also referred to as a switching transistor) 6401, aliquid crystal
element 6402, and a capacitor 6403. The liquid crystal ele-
ment 6402 includes a liquid crystal material which exhibits a
blue phase, between a pair of electrodes (a pixel electrode and
a counter electrode).

[0061] A gate of the transistor 6401 is electrically con-
nected to a scan line 6406, one of a source and a drain of the
transistor 6401 is electrically connected to a signal line 6405,
and the other of the source and the drain of the transistor 6401
is electrically connected to the pixel electrode. Here, in this
embodiment, a transistor including a high-purity oxide semi-
conductor layer is used as the transistor 6401. In addition, the
transistor 6401 is an n-channel transistor.

[0062] Thecapacitor 6403 includes aninsulating layer pro-
vided as a dielectric between a pair of electrodes. The capaci-
tance of the capacitor 6403 is set considering leakage current
of athin film transistor provided in the pixel portion or the like
so that charge may be held for a predetermined period of time.
The capacitance of the capacitor 6403 may also be set con-
sidering off-state current of the transistor 6401 or the like. In
this embodiment, since the transistor 6401 includes a high-
purity oxide semiconductor layer, a capacitor is acceptable
enough if ithas capacitance less than or equal to Y3, preferably
less than or equal to %5 of theliquid crystal capacitance in each
pixel.

[0063] Although the other of the source and the drain ofthe
transistor 6401 is electrically connected to the capacitor 6403
in FIG. 2A, the present invention is not limited to the struc-
ture. A structure in FIG. 2B where the capacitor 6403 is not
provided can be employed. In other words, in the present
invention, since the transistor 6401 includes a high-purity
oxide semiconductor layer and off-state current of the tran-
sistor 6401 is sufficiently low, voltage can be held for a
sufficiently long period of time even with a liquid crystal
capacitor, which is formed of a pair of electrodes and a liquid
crystal material therebetween, or the like. In addition, since
the display device of this embodiment is a transmissive type
or atransflective type, omission of the capacitor 6403 leads to
an improvement in aperture ratio.

[0064] FIGS.5A and 5B are an example of a plan view and
a cross-sectional view of the transistor 6401 in the pixel 201.
A transistor 420 illustrated in FIGS. 5A and 5B corresponds
to the transistor 6401 and has a bottom-gate structure. The
transistor 420 is also called an inverted-staggered transistor



US 2011/0134350 Al

because a wiring (a gate electrode) 401 is provided under an
oxide semiconductor layer 403 serving as a channel region,
and a wiring (one of a source electrode and a drain electrode)
405a and a wiring (the other of the source electrode and the
drain electrode) 4055 are provided on the opposite side of the
oxide semiconductor layer 403 from the wiring 401.

[0065] The wiring 401 over a first substrate 441 serves as a
gate electrode of the transistor 420. In addition, the wiring
401 may be a scan line itself or may be a wiring which is not
a scan line but is electrically connected to a scan line.

[0066] A gate insulating layer 402 is provided to cover the
wiring 401. The oxide semiconductor layer 403 is provided
over the gate insulating layer 402. The wiring 405a and the
wiring 4054 are provided over the oxide semiconductor layer
403. The wiring 405a¢ and the wiring 4055 are electrically
connected to the oxide semiconductor layer 403 and one of
them serves as a source electrode and the other of them serves
as adrain electrode. Note that the wiring 405 may be a signal
line itself or may be an electrode which is not a signal line but
is electrically connected to a signal line.

[0067] In addition, an insulating film 413 is provided to
cover the transistor 420. An opening is formed in the insulat-
ing film 413. Through the opening, a first electrode 447 and
the wiring 4055 are electrically connected. Note that although
the insulating film 413 has a three-layer structure of a first
insulating film 407, a second insulating film 409, and a third
insulating film 417 in FIG. 5B, the present invention is not
limited to the structure. The insulating film 413 may have a
single-layer structure, a two-layer structure, or a stack-layer
structure of three or more layers.

[0068] Next, the oxide semiconductor layer 403 will be
described in detail.

[0069] The oxide semiconductor layer 403 in this embodi-
ment is an oxide semiconductor layer in which impurities,
which adversely affect the electric characteristics of the tran-
sistor including the oxide semiconductor, are reduced to a
very low level, that is, the oxide semiconductor layer 403 is a
high-purity oxide semiconductor. As a typical example of
impurities which adversely affect the electric characteristics,
hydrogen is given. Hydrogen is an impurity which may be a
supplier (a donor) of carriers in an oxide semiconductor. An
oxide semiconductor which includes alarge amount of hydro-
gen may become an n-type oxide semiconductor. Thus, a
transistor including an oxide semiconductor which includes a
large amount of hydrogen may be a normally-on transistor,
and the on/off ratio of the transistor cannot be high enough. In
this specification, a “high-purity oxide semiconductor” refers
to an oxide semiconductor in which hydrogen is reduced as
much as possible and which is intrinsic or substantially intrin-
sic. One example of a high-purity oxide semiconductor is an
oxide semiconductor the hydrogen concentration of which is
5x10"/em?® or less at most, preferably 5x10'%/cm? or less,
more preferably 5x10'"/cm” or less, or less than 1x10"%/cm”.
A transistor is formed using, for a channel formation region,
an oxide semiconductor film the carrier concentration of
which is less than 1x10"%cm?, preferably less than 1x10%/
cm’, more preferably less than 1x10"/cm?® or less than 6.0x
10"%/cm’. Note that the hydrogen concentration of the oxide
semiconductor layer may be measured by secondary ion mass
spectrometry (SIMS).

[0070] Further, it is preferable that the energy gap of the
oxide semiconductor layer be 2 eV or more, preferably 2.5eV
or more, more preferably 3 eV or more.
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[0071] The high-purity oxide semiconductor layer, which
is obtained by drastically removing hydrogen included in the
oxide semiconductor layer as described above, is used for a
channel formation region of a transistor, whereby a transistor
with an extremely small off-state current value can be pro-
vided.

[0072] Here, off-state current (also referred to as leakage
current) refers to current that flows between a source and a
drain of a transistor when gate voltage between -5V to =20V
is applied. In the transistor including an oxide semiconductor
which is disclosed in this specification, a current value per
channel width (w) of 1 pmis 100 aA/um or less, preferably 10
aA/um or less, more preferably 1 aA/um or less.

[0073] Next, electrical conduction mechanism of a transis-
tor including an oxide semiconductor layer will be described
with reference to FIG. 21, FIG. 22, FIGS. 23A and 23B, and
FIGS. 24A and 24B. Note that the following description is
based on an ideal situation for ease of understanding and does
not entirely reflect the actual situation. Note that the follow-
ing description is just a consideration and is irrelevant to the
validity of the present invention.

[0074] FIG. 21 shows the relationship between the work
function (¢,,) of a metal (Metal) and the electron affinity ()
of an oxide semiconductor (OS). The Fermi level of the metal
is denoted by E.. The Fermi level of the oxide semiconductor
is denoted by B, The energy at the bottom of the conduction
band is denoted by E.. The energy at the top of the valence
band is denoted by E . The intrinsic Fermi level is denoted by
E,. The energy band gap of the oxide semiconductor is
denoted by E,. Note that the energy band gap (E, ) of the oxide
semiconductor is 3.0 eV 10 3.5 eV.

[0075] InFIG. 21, inthe case of a conventional oxide semi-
conductor having n-type conductivity, the Fermi level (E) is
apart from the intrinsic Fermi level (E,) positioned in the
middle of the band gap (E,) and is positioned near the con-
duction band (E.).

[0076] Here, when the oxide semiconductor is made closer
to an intrinsic semiconductor by decreasing the carrier den-
sity, the Fermi level (B ) of the oxide semiconductor becomes
closer to the intrinsic Fermi level (E,). In this embodiment, an
intrinsic or substantially intrinsic oxide semiconductor is in a
state in which carrier density is decreased and the Fermi level
(B)) is made close or equal to the intrinsic Fermi level (E,).
[0077] The intrinsic or substantially intrinsic oxide semi-
conductor in this embodiment is obtained based on the fol-
lowing technical idea.

[0078] Hydrogen contained in an oxide semiconductor is
one of the factors that make the oxide semiconductor have
n-type conductivity. In the oxide semiconductor, hydrogen
serves as a donor and forms a shallow level which is 0.1eV to
0.2 eV below the conduction band and thereby increases the
carrier concentration.

[0079] In addition, deficiency of oxygen (oxygen defi-
ciency) which is a main component of the oxide semiconduc-
tor is another factor that makes the oxide semiconductor have
n-type conductivity. The oxygen deficiency forms a deep
donor level in the oxide semiconductor and thereby increases
the carrier concentration.

[0080] Although many studies on physical properties of a
semiconductor, such as density of states (DOS), have been
conducted, they do not include an idea of sufficiently reduc-
ing defect levels itself In this embodiment, a highly purified
intrinsic oxide semiconductor is obtained by removal of water
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or hydrogen, which might increase the DOSs, from the oxide
semiconductor. This is based on an idea of sufficiently reduc-
ing the DOSs itself.

[0081] In other words, in this embodiment, an impurity
such as hydrogen, which is one of the factors that make the
oxide semiconductor have n-type conductivity, is removed
from an oxide semiconductor as much as possible, and oxy-
gen deficiency is also removed, whereby the oxide semicon-
ductor is highly purified. When the oxide semiconductor is
highly purified, an intrinsic or substantially intrinsic oxide
semiconductor can be obtained. Thus, in FIG. 21, the Fermi
level (E,) can be substantially equal to the intrinsic Fermi
level (E,).

[0082] Specifically, the concentration of hydrogen in the
oxide semiconductor is decreased to 5x10"°/cm? or lower,
preferably 5x10"%/cm® orlower, mare preferably 5x10'7/cm®
or lower. Further, the carrier concentration of the oxide semi-
conductor (for example, the carrier concentration is less than
1x10*%/cm?, preferably 1.45x10'%cm? or less) is preferably
much lower than that of a conventional oxide semiconductor.
[0083] FIG. 22 illustrates an example of an inverted-stag-
gered bottom-gate thin film transistor that is formed using an
intrinsic or substantially intrinsic oxide semiconductor. An
oxide semiconductor layer (OS) is provided over a gate elec-
trode (GE) with a gate insulating film (GI) provided therebe-
tween. A source electrode (S) and a drain electrode (D) are
provided thereover.

[0084] Itis preferable that a Schottky barrier be not formed
between the oxide semiconductor, and the source and the
drain. In this embodiment, the electron affinity () of the
oxide semiconductor is substantially equal to the work func-
tion (¢,,) ofametal used for the source electrode and the drain
electrode. For example, it is said that the electron affinity (y)
is 4.3 eV in the case where the band gap (E,) of the oxide
semiconductor is 3.15 eV; thus, the source electrode and the
drain electrode may be formed with a structure in which
titanium ('T1), which has a work function (¢,,) ofabout 4.3 eV,
is in contact with the oxide semiconductor.

[0085] FIGS. 23A and 23B are energy band diagrams
(schematic diagrams) in an A-A' cross section in FIG. 22.
FIG. 23A illustrates the case where a potential difference
between the source (S) and the drain (D) is zero (the source
and the drain have the same potential, V=0 V). FIG. 23B
illustrates the case where the potentials of the drain and the
gate are higher than that of the source (V, >0V, V;>0).
[0086] InFIG.23B, ablack circle (¢) indicates an electron.
When positive potentials are applied to the gate and the drain
(D), the electron is injected into the oxide semiconductor
(OS) over a bather (h) and flows toward the drain (D). The
height of the bather (h) changes depending on the gate voltage
and the drain voltage. In the case where positive drain voltage
is applied, the height of the barrier is smaller than the height
of the barrier in FIG. 23 A where no voltage is applied, i.e., V%
E,. Thus, when positive voltage is applied to the gate, the
potential barrier is lowered as in FIG. 23B and the transistor
is in an on state allowing current to flow. On the other hand,
when voltage is not applied to the gate (Vg=0V), the transis-
tor is in an off state and current does not flow because of the
high potential bather (2 E,).

[0087] FIGS. 24A and 24B are energy band diagrams
(schematic diagrams) along B-B' cross-section in FIG. 22.
[0088] As illustrated in FIG. 24A., when a positive potential
is applied to the gate, the electron moves in the vicinity of an
interface between the gate insulating film (GI) and the oxide
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semiconductor (OS) (the lowest part of the oxide semicon-
ductor that is energetically stable).

[0089] On the other hand, when a negative potential (re-
verse bias) is applied to the gate, as illustrated in FIG. 24B, the
current value between the source and drain is extremely close
to zero because holes that are minority carriers do not exist
substantially.

[0090] Inthis manner, when a transistor is formed using an
intrinsic or substantially intrinsic oxide semiconductor, cur-
rent which flows between the source and the drain when a
negative potential is applied to the gate (off-state current) can
be less than or equal to 107" A which is the measuring limit.
In addition, the temperature characteristics of the transistor
formed using an intrinsic or substantially intrinsic oxide
semiconductor are favorable. Typically, in the temperature
range of from -25° C. to 150° C., the current-voltage char-
acteristics of the transistor, such as on-state current, off-state
current, field-effect mobility, a subthreshold value (an S
value), and a threshold voltage, hardly change and deteriorate
due to temperature.

[0091] Note that in the intrinsic or substantially intrinsic
oxide semiconductor, interface characteristics with the gate
insulating film become noticeable. Therefore, an interface
between the gate insulating film and the oxide semiconductor
is preferably favorable. Specifically, for example, it is prefer-
able to use an insulating film formed by a CVD method with
the use of high-density plasma generated with a power fre-
quency in the range of the VHF band to the microwave band,
an insulating film formed by a sputtering method, or the like.
[0092] Next, hot-carrier degradation of a transistor includ-
ing an oxide semiconductor will be described.

[0093] Thehot-carrier degradation refers to a phenomenon
in which electrons that are accelerated to high speed become
fixed charges by being injected into a gate insulating film
from a channel in the vicinity of drain or form a trap level at
the interface between the gate insulating film and the oxide
semiconductor film, and thereby causing deterioration such
as change in threshold voltage or gate leakage current. The
factors of the hot-carrier degradation are channel-hot-elec-
tron injection (CHE injection) and drain-avalanche-hot-car-
rier injection (DAHC injection).

[0094] Since the band gap of silicon is as small as 1.12 eV,
electrons are likely to be generated like an avalanche owing to
an avalanche breakdown, and electrons that are accelerated to
be so rapid asto go over a barrier to the gate insulating film are
increased in number. On the other hand, the oxide semicon-
ductor described in this embodiment has a wide band gap of
3.15 eV therefore, the avalanche breakdown is unlikely to
occur and resistance to the hot-carrier degradation is higher
than that of silicon.

[0095] Note that although the band gap of silicon carbide
which is one of materials having high breakdown voltage and
that of an oxide semiconductor are substantially equal to each
other, electrons are less likely to be accelerated in an oxide
semiconductor because the mobility in an oxide semiconduc-
tor is smaller than that of silicon carbide by approximately
two orders of magnitude. Further, a barrier between an oxide
semiconductor and an oxide film that is a gate insulating film
is larger than a barrier between any of silicon carbide, gallium
nitride, or silicon and an oxide film that is a gate insulating
film; therefore, in an oxide semiconductor, the number of
electrons injected to the oxide film is extremely small.
Accordingly, in a transistor including an intrinsic or substan-
tially intrinsic oxide semiconductor, hot-carrier degradation
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is less likely to be caused and drain breakdown voltage is high
compared with a transistor including silicon carbide, gallium
nitride, or silicon. In addition, low-concentration impurity
regions do not need to be provided between an oxide semi-
conductor serving as a channel and source and drain elec-
trodes, whereby the transistor structure can be very simple
and the number of manufacturing steps can be reduced.
[0096] From the above, a transistor including an intrinsic or
substantially intrinsic oxide semiconductor has high drain
breakdown voltage of, specifically, 100V or more, preferably
500V, more preferably 1kV or more.

[0097] Note that since off-state current is extremely small
in the transistor including an intrinsic or substantially intrin-
sic oxide semiconductor, it is difficult to precisely measure an
off-state current value by a measuring method for transistor
elements having a general size. Therefore, a test element
group (also referred to as TEG) for measurement is formed
for measurement. The off-state current which is thus mea-
sured will be described below.

[0098] Two hundreds transistors each with I/ W=3 pm/50
pum were connected in parallel to provide a transistor with
L/W=3 um/10000 um in TEG. FIG. 25 shows the initial
characteristics of the transistor. Here, Vg is in the range of
from -20 Vto +5V.

[0099] In order to measure the initial characteristics of the
transistor, change of characteristics of current between a
source and a drain (hereinafter referred to as a drain current or
1d), 1.e., Vg-1d characteristics, were measured under the con-
ditions where the substrate temperature was set to room tem-
perature, the voltage between the source and the drain (here-
inafter referred to as a drain voltage or Vd) was set to 10V, and
the voltage between the source and the gate (hereinafter
referred to as a gate voltage or Vg) was changed from -20V
to +20V.

[0100] AsshowninFIG.25,whenVdis 1V or10V andthe
gate voltage is in the range of -5V to -20V, the transistor
having a channel width W of 10000 um has drain current
(off-state current) of 1x107"3 [A] or less, which is less than or
equal to the resolution (100 fA) of a measuring system (a
semiconductor parameter analyzer, Agilent 4156C manufac-
tured by Agilent Technologies Inc.). This off-state current
value corresponds to 1x10™"7 A/um(=10 aA/um) per channel
width of 1 pm.

[0101] Thereasonwhy the off-state current of the transistor
can be 1x107'% [A] or less as shown in FIG. 25 is that the
hydrogen concentration of the oxide semiconductor layer is
sufficiently reduced. In other words, the hydrogen concentra-
tion of the oxide semiconductor layer is 5x10" atoms/cm?> or
less, preferably 5x10'® atoms/cm® or less, more preferably
5%107 atoms/cm? or less or less than 1x10" atoms/cm?®.
Note that the hydrogen concentration of the oxide semicon-
ductor layer may be measured by secondary ion mass spec-
trometry (SIMS).

[0102] The carrier concentration of the oxide semiconduc-
tor layer s less than 1x10"%cm?, preferably less than 1x10'%/
em®, more preferably less than 1x10"/em® or less than 6.0x
10"%/cm?. In other words, the carrier concentration of the
oxide semiconductor layer is extremely close to zero. Note
that for measuring the carrier concentration, for example, a
MOS capacitor may be formed and a CV measurement result
(CV characteristics) thereof may be evaluated.

[0103] As described above, even in a transistor having a
channel width W of 1x10* pm and a channel length of 3 um,
excellent electric characteristics, off-state current of 10713 A
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or less and the subthreshold swing (S value) of 0.1 V/dec. or
less (the thickness of the gate insulating film is 100 nm), can
be obtained. By highly purifying the oxide semiconductor so
that the amount of impurities in the oxide semiconductor may
be as small as possible, favorable operation of the transistor
can be realized. When a transistor having an extremely small
value of off-state current (off-state current value) is used as
the transistor 6401 in FIGS. 2A and 2B, an electrical signal
such as an image signal can be held for a longer period of
time.

[0104] Specifically, in the transistor including the above
oxide semiconductor layer, off-state current per channel
width of 1 pm canbe 1x1077 A or less. On the other hand, in
a transistor including low-temperature polysilicon, for
example, design or the like is performed while estimating the
amount of the off-state current at around 1x107*% A. Thus, the
voltage holding period of a transistor including an oxide
semiconductor can be approximately 10° times as long as that
of a transistor including low-temperature polysilicon, when
the storage capacitance is substantially the same (approxi-
mately 0.1 pF). For example, display is generally performed
at 60 frames per second (16 msec per frame) in a pixel includ-
ing a transistor which includes low-temperature polysilicon.
The same can be said for the case of still image display
because a decrease in rate (an increase in writing interval ) will
cause a decrease in voltage of a pixel and a defect of display.
In contrast, in the case where the transistor including the
above oxide semiconductor layer is used, since off-state cur-
rent is small, the holding period of one signal writing can be
approximately 1600 seconds, that is, 10° times as long as that
ofthe transistor including low-temperature polysilicon. Thus,
a still image can be displayed on a display portion even with
asmall number of writing of image signals. Since the holding
period can be extended, the frequency of signal writing can be
decreased particularly when a still image is displayed. There-
fore, a reduction in power consumption of the display device
can be achieved.

[0105] Further, a transistor including amorphous silicon
has off-state current of 1x10~"> A or more per channel width
of 1 pm. Thus, the voltage holding period of a transistor
including a high-purity oxide semiconductor can be approxi-
mately 10* times as long as that of a transistor including
amorphous silicon, when the storage capacitance is substan-
tially the same (approximately 0.1 pF).

[0106] FIG. 4A shows a relationship between a writing
period and a holding period (also referred to as one frame
period). In FIG. 4A, periods 251 and 252 each are a holding
period, and periods 261 and 262 each are a writing period. In
FIG. 4A, the polarity of voltage (in the diagram, the polarity
is indicated by a plus sign or a minus sign) applied to a liquid
crystal element, which is a display element, is inverted in
every holding period. Accordingly, the electric field applied
to the liquid crystal element is not biased, and the degree of
deterioration of the liquid crystal element can be decreased.
FIG. 4B shows the relationship in the case of writing voltage
whose polarity is inverted a plurality of times in each of the
writing periods 261 and 262 of FIG. 4A. By writing voltage
whose polarity is inverted a plurality of times in each of the
writing periods 261 and 262 as illustrated in FIG. 4B, the
degree of deterioration of a liquid crystal element can be
further decreased. Note that the polarity of the voltage applied
at the end of each of the writing periods 261 and 262 is a
polarity to be held in the holding period.
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[0107] When the above transistor including a high-purity
oxide semiconductor layer is used, the holding period (the
period 251 or the period 252) can be set longer. Therefore, the
frequency of writing into a pixel can be drastically decreased
particularly when a still image is displayed. Accordingly, in
the case of displaying a still image or the like which involves
less frequent changes in display, the number of times of signal
writing to a pixel can be decreased, and thus power consump-
tion can be reduced.

[0108] In displaying a still image, refresh operation can be
performed as appropriate in the holding period, in accordance
with the holding rate of the voltage applied to aliquid crystal
element. For example, the refresh operation can be performed
at the time when the voltage decreases to a predetermined
level with respect to a value (initial value) of a voltage just
after the signal writing into the pixel electrode of the liquid
crystal element. The predetermined level is preferably set,
with respect to the initial value, to a voltage at which flickers
are not sensed. Specifically, it is preferable to perform the
refresh operation (rewriting) every time the voltage reaches a
value less than the initial value by 10%, preferably 3%.
[0109] During the holding period in still image display, a
counter electrode (also referred to as a common electrode)
can be put in a floating state. Specifically, a switch may be
provided between the counter electrode and a power source
for supplying a common potential to the counter electrode.
During the writing period, the switch may be turned on and
the common potential may be supplied to the counter elec-
trode; after that, during the holding period, the switch may be
turned off and the counter electrode may be put in a floating
state.

[0110] Note that the voltage applied to a liquid crystal
element in FIGS. 4A and 4B may be input in accordance with
dot inversion driving, source line inversion driving, gate line
inversion driving, frame inversion driving, or the like.
[0111] Next, aliquid crystal material which exhibits a blue
phase will be described.

[0112] Aliquid crystal material which exhibits a blue phase
contains liquid crystal and a chiral agent. As the liquid crystal,
thermotropic liquid crystal, low-molecular liquid crystal,
high-molecular liquid crystal, ferroelectric liquid crystal,
anti-ferroelectric liquid crystal, or the like is used. These
liquid crystal materials exhibit a cholesteric phase, a choles-
teric blue phase, a smectic phase, a smectic blue phase, a
cubic phase, a chiral nematic phase, an isotropic phase, or the
like depending on conditions. The chiral agent is employed to
align the liquid crystal in a helical structure and to make the
liquid crystal exhibit a blue phase. For example, a liquid
crystal material into which a chiral agent is mixed at 5 wt %
or more may be used for a liquid crystal layer. For the chiral
agent, a material which has a high compatibility with liquid
crystal and has a strong twisting power is used. In addition, as
a material, either an R-enantiomer or an S-enantiomer is
favorable, and the use of a racemic body in which an R-enan-
tiomer and an S-enantiomer are mixed at a ratio of 50:50 is
preferably avoided.

[0113] A cholesteric blue phase and a smectic blue phase,
which are blue phases, are seen in a liquid crystal material
having a cholesteric phase or a smectic phase with a relatively
short helical pitch of 500 nm or less. The alignment of the
liquid crystal material has a double twist structure.

[0114] When an electric field is not applied, a liquid crystal
material which exhibits a blue phase is optically isotropic.
When an electric field is applied, birefringence of the liquid
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crystal material is induced, whereby light is modulated. In
other words, a display device including a liquid crystal mate-
rial which exhibits a blue phase is of a normally black mode.
Note that in application of an electric field to a liquid crystal
material which exhibits a blue phase, an electric field is pref-
erably applied horizontally so as to be substantially parallel to
a substrate plane. Further, since a display device including a
liquid crystal material which exhibits a blue phase does not
need the formation of an alignment film, an inexpensive dis-
play device can be provided.

[0115] Note that the blue phase hardly appears outside a
narrow temperature range; therefore, it is preferable that a
photocurable resin and a photopolymerization initiator be
added to a liquid crystal material and polymer stabilization
treatment may be performed in order to widen the tempera-
ture range. The polymer stabilization treatment is performed
in such a manner that a liquid crystal material containing a
liquid crystal, a chiral agent, a photocurable resin, and a
photopolymerization initiator is irradiated with light having a
wavelength with which the photocurable resin and the pho-
topolymerization initiator react. Light irradiation in this poly-
mer stabilization treatment may be performed on a liquid
crystal material exhibiting an isotropic phase or a blue phase
under the control of temperature. For example, the polymer
stabilization treatment is performed in such a manner that the
temperature of a liquid crystal layer is controlled and the
liquid crystal layer exhibiting a blue phase is irradiated with
light. However, the polymer stabilization treatment is not
limited to this method and may be performed in such a man-
ner that a liquid crystal layer exhibiting an isotropic phase at
a temperature within +10° C., preferably +5° C. of the phase
transition temperature between the blue phase and the isotro-
pic phase is irradiated with light. The phase transition tem-
perature between a blue phase and an isotropic phase refers to
atemperature at which the phase changes from the blue phase
to the isotropic phase when the temperature rises, or a tem-
perature at which the phase changes from the isotropic phase
to the blue phase when the temperature decreases.

[0116] As an example of the polymer stabilization treat-
ment, the following method can be given: after heating a
liquid crystal layer to the isotropic phase, the temperature of
the liquid crystal layer is gradually decreased so that the phase
changes to the blue phase, and then, irradiation with light is
performed while the temperature at which the blue phase is
exhibited is kept. Alternatively, another method can be
employed in which after the phase changes to the isotropic
phase by gradually heating a liquid crystal layer, the liquid
crystal layer can be irradiated with light under a temperature
within +10° C., preferably +5° C. of the phase transition
temperature between the blue phase and the isotropic phase
(in the state where the liquid crystal layer is exhibiting the
isotropic phase). Moreover, in the case where an ultraviolet
curable resin (a UV curable resin) is used as the photocurable
resin contained in the liquid crystal material, theliquid crystal
layer may be irradiated with ultraviolet rays. Even in the case
where the blue phase is not exhibited, if polymer stabilization
treatment is performed by irradiation with light at a tempera-
ture within +10° C., preferably +5° C. of the phase transition
temperature between the blue phase and the isotropic phase
(in the state where the liquid crystal layer is exhibiting the
isotropic phase), the response time can be made as short as 1
msec or less and high-speed response is possible.

[0117] Inaddition, resistivity (or specific resistance) of the
liquid crystal material which exhibits a blue phase is prefer-
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ably made as high as possible. This is because if the resistivity
of the liquid crystal material is low, charge will leak to the
counter electrode from the pixel electrode through the liquid
crystal layer, which may affect the voltage value applied to
the liquid crystal layer. Thus, in one embodiment of the
present invention, the resistivity of a liquid crystal material
which exhibits a blue phase may be 1x10° Q-cm or more,
preferably 1x10'* Q-cm or more, more preferably 1x10'
Q-cm or more. Note that the resistivity in this specification is
measured at 20° C.

[0118] In this embodiment, a transistor including a high-
purity oxide semiconductor layer is used as a switching ele-
ment of a pixel in order to utilize advantages of the liquid
crystal layer including a liquid crystal material which exhibits
a blue phase, e.g., high-speed response of the liquid crystal
and viewing angle independence, and also to overcome a
disadvantage peculiar to the liquid crystal material which
exhibits a blue phase. In other words, since driving voltage of
the liquid crystal material which exhibits a blue phase is much
higher than that of another liquid crystal driving method, a
transistor used as a switching element is required to have a
high drain breakdown voltage as well as low power consump-
tion; in this embodiment, a transistor with excellent electric
characteristics of high drain breakdown voltage and signifi-
cantly low off-state current is used as a switching element,
whereby a highly-reliable display device with excellent
image quality and low power consumption can be provided.

Embodiment 2

[0119] In this embodiment, an example of a display device
including aliquid crystal material which exhibits a blue phase
will be described. Specifically. an example of a structure of a
pixel will be described.

[0120] In a liquid crystal display device which includes a
liquid crystal material which exhibits a blue phase, a method
can be employed in which gray scale is controlled by gener-
ating an electric field substantially parallel to a substrate
surface (i.e., in a lateral direction) to move liquid crystal
molecules in a plane parallel to the substrate surface (herein-
after, this method is called a horizontal electric field method).
For example, by employing a structure of an electrode illus-
trated FIGS. 5A and 5B, a horizontal electric field display
device can be provided. FIG. 5B is a cross-sectional view
taken along line X1-X2 in FIG. 5A.

[0121] As illustrated in FIG. 5A, a plurality of source wir-
ings (including the wiring 405a) are provided in parallel to
each other (extended in the vertical direction in the drawing)
and apart from each other. In addition, a plurality of gate
wirings (including the wiring 401) are extended in a direction
substantially perpendicular to the source wirings (the hori-
zontal direction in the drawing) and provided apart from each
other. Capacitor wirings 408 are adjacent to respective gate
wirings and are extended in a direction substantially parallel
to the gate wirings, that is, a direction substantially perpen-
dicular to the source wirings (the horizontal direction in the
drawing). Roughly rectangular space is surrounded by the
source wirings, the capacitor wirings 408, and the gate wir-
ings. In this space, the first electrode 447 and a second elec-
trode 448 of the liquid crystal display device are provided
with the liquid crystal layer 444 therebetween. The transistor
420 serving as a switch is located in the upper left corner of
the drawing. In addition, the first electrodes 447 and the
transistors 420 are arranged in a matrix.
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[0122] Asillustrated in FIG. 5B, the liquid crystal layer 444
is provided between the first substrate 441 and a second
substrate 442. The first substrate 441 and the second substrate
442 are light-transmitting substrates and are respectively pro-
vided with a polarizing plate 443 and a polarizing plate 4435
on their outer sides (the sides opposite from the liquid crystal
layer 444). The average gap between the first substrate 441
and the second substrate 442 (hereinafter, referred to as a cell
gap) may be, for example, 1 um to 10 um inclusive.

[0123] Thetransistor420 is provided over the first substrate
441 and includes the wiring 401, the gate insulating layer 402,
and the oxide semiconductor layer 403. In this embodiment,
a high-purity oxide semiconductor layer is used as the oxide
semiconductor layer 403. The oxide semiconductor layer 403
is electrically connected to the wirings 405a and 4054 serving
as a source electrode and a drain electrode. Note that although
an inverted-staggered transistor is illustrated as the transistor
420 in FIG. 5B, the present invention is not limited to the
structure. That is, a top-gate transistor may alternatively be
used.

[0124] In addition, the first insulating film 407 is provided
to cover the transistor 420 and is in contact with the oxide
semiconductor layer 403. The second insulating film 409 is
provided over the first insulating film 407 and the third insu-
lating film 417 is provided over the second insulating film
409. Although the insulating film which covers the transistor
have a three-layer structure in the display device illustrated in
FIG. 5B, the present invention is not limited to this structure.
In other words, the insulating film which covers the transistor
may have a single-layer structure or a two-layer structure.
[0125] InFIG. 5B, alight-transmitting resin having a chro-
matic color is used as the third insulating film 417 and the
third insulating film 417 serves as a coloring layer (a color
filter). If the color filter is provided on the second substrate
442 (the counter substrate) side, precise alignment of the
pixel region over the first substrate 441 (the element sub-
strate) would be difficult and an image quality may be low-
ered. In F1G. 5B, since the third insulating film 417 is formed
on the first substrate 441 side as a color filter, the pixel region
and the color filter can be precisely aligned easily.

[0126] Thechromatic-color light-transmitting resin may be
formed using a material which transmits only light colored
with a chromatic color. Specifically, a photosensitive or non-
photosensitive organic resin can be used. When a photosen-
sitive organic resin layer is used, the number of resist masks
can be reduced and thus the process can be simplified.
[0127] Note that chromatic colors are colors except achro-
matic colors such as black, gray, and white. Specifically, the
chromatic color can be red, green, or blue, for example.
Further, cyan, magenta, yellow, or the like may also be used.
[0128] The thickness of the third insulating film 417 is
preferably controlled as appropriate in consideration of a
relationship between the concentration of the coloring mate-
rial to be contained and light transmittance, in order to make
the third insulating film 417 serve as a coloring layer (a color
filter). Note thatin the case where the third interlayer film 417
is formed of a plurality of thin films, at least one of them needs
to be a light-transmitting chromatic-color resin layer so that
the third insulating film 417 may serve as a color filter.
[0129] Further, in the case where the thickness of the light-
transmitting chromatic-color resin layers differs depending
ontheir chromatic colors or in the case where a light-blocking
layer is provided, or in the case where the surface is uneven
due to the transistor, an insulating film which transmits light
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in a visible wavelength range (a so-called colorless and trans-
parent insulating layer) is preferably formed over the third
insulating film 417 for planarization of the surface of the third
insulating film 417. Improvement in planarization of the third
insulating film 417 allows favorable coverage with the first
electrode 447 and the second electrode 448 and also a uniform
gap (the thickness) of the liquid crystal layer, whereby the
visibility of the liquid crystal display device is increased and
a higher image quality can be achieved.

[0130] Further, a light-blocking layer is preferably pro-
vided on the second substrate 442 to realize higher contrast
and higher definition display. In this case, the light-blocking
layer may be formed so as to overlap with the transistor 420
(at least with the semiconductor layer of the transistor) with
the liquid crystal layer 444 interposed therebetween.

[0131] The light-blocking layer is formed using a material
that reflects or absorbs light. For example, a black organic
resin can be used. Specifically, a black organic resin which
can be formed by mixing a black resin of a pigment material,
carbon black, titanium black, or the like into a resin such as
photosensitive or non-photosensitive polyimide can be used.
Alternatively, a light-blocking metal film can be used. In this
case, chromium, molybdenum, nickel, titanium, cobalt, cop-
per, tungsten, aluminum, or the like may be used.

[0132] A first structure body 449 and a second structure
body 445 are provided over the third insulating film 417 and
can be referred to as projections (ribs). Note that the first
structure body 449 and the second structure body 445 include
comb-shaped parts which have opening patterns, bends, and
branches.

[0133] The structure body can be formed using an insulat-
ing material (e.g., an organic insulating material and an inor-
ganic insulating material) or a conductive material (e.g., an
organic conductive material like a conductive resin, and an
inorganic conductive material like metal). For example, a
visible light curable resin, an ultraviolet curable resin, or a
thermosetting resin can be used. Note that a material which
transmits visible light is preferably used for the structure
body to avoid a reduction in aperture ratio and in white
transmittance. Specifically, an acrylic resin, an epoxy resin,
an amine resin, or the like may be used. Further, the structure
body may have a stack-layer structure instead of a single-
layer structure.

[0134] The cross-sectional shape of the first structure body
449 and the second structure body 445 along a direction
perpendicular to the main surfaces of the first substrate 441
and the second substrate 442 may be a polygon, a triangle, a
trapezoid, a semicircle, or a semiellipse. In addition, the first
structure body 449 and the second structure body 445 pref-
erably have a smooth curved surface with few steps. For
example, as illustrated in FIG. 5B, when the first structure
body 449 and the second structure body 445 have a tapered
shape with ends having a curvature, the coverage with the first
electrode 447 and the second electrode 448 which are formed
to cover surfaces (top surfaces and side surfaces) of the first
structure body 449 and the second structure body 445 can be
improved.

[0135] Inaddition, the height of the first structure body 449
and the second structure body 445 may be at least smaller than
the average gap (the cell gap) between the first substrate 441
and the second substrate 442. Specifically, the height may be
0.1 um or more and less than 10 um. The structure bodies are
preferably high because the higher the first structure body 449
and the second structure body 445 are, the more effectively a
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horizontal electric field can be applied to the liquid crystal
layer 444 and the less driving voltage will be needed. Further,
the width of the first structure body 449 and the second
structure body 445 may be 0.5 pm to 10 um inclusive. The first
structure body 449 and the second structure body 445 may be
arranged with an interval of 1 pm to 10 pm inclusive therebe-
tween.

[0136] The method for forming the first structure body 449
and the second structure body 445 is not particularly limited,
and a dry method such as an evaporation method, a sputtering
method, or a CVD method or a wet method such as spin
coating, dip coating, spray coating, a droplet discharge
method (an ink jetting method), nanoimprinting, or various
printing methods (e.g., screen printing or offset printing) may
be used depending on the material. An etching step (dry
etching or wet etching) may be employed to form a desired
pattern, as necessary.

[0137] Further, the structure body may be acceptable as
long as it projects into the liquid crystal layer from a surface
of the substrate which faces the liquid crystal layer. Projec-
tions therefore may be provided by etching the third insulat-
ing film 417 partly so that the surface facing the liquid crystal
layer may be rough. In this case, the third insulating film 417
includes the first projection and the second projection,
whereby an additional film formation step for forming the
first structure body 449 and the second structure body 445 can
be omitted.

[0138] The first electrode 447 is formed to cover the first
structure body 449 and is electrically connected to the tran-
sistor 420. The first electrode 447 serves as the pixel elec-
trode. The second electrode 448 is formed to cover the second
structure body 445 and serves as a common electrode. In
addition, a capacitor is formed of the first electrode 447, the
liquid crystal layer 444, and the capacitor wiring 408.
[0139] An image signal (an analog video signal) is input to
the first electrode 447 through the wiring 40354 and the tran-
sistor 420. Although the second electrode 448 can be in a
floating state (an electrically isolated state), the second elec-
trode 448 may be set to a fixed potential, preferably to a
potential around a common potential (an intermediate poten-
tial of the image signal which is input to the first electrode
447) so that the potential may be in such a level that does not
generate flickers.

[0140] Note that although the first electrode 447 is electri-
cally connected to the transistor 420 through the wiring 4055
in FIGS. 5A and 5B, the present invention is not limited to the
structure. For example, the first electrode 447 may be directly
connected to the oxide semiconductor layer 403 in the tran-
sistor 420.

[0141] The height (the thickness) of the first electrode 447
and the second electrode 448 may be at least smaller than the
average gap (the cell gap) between the first substrate 441 and
the second substrate 442. Specifically, the height may be 0.01
um to 3 um inclusive. Here, it is preferable to satisfy X=a+b,
where the average gap (the cell gap) between the first sub-
strate 441 and the second substrate 442 is X pm, the height of
the first structure body 449 and the second structure body 445
is a um, and the thickness of the first electrode 447 and the
second electrode 448 is b pm. When the equation X=a+b is
satisfied, the first electrode 447 and the second electrode 448
are in contact with the second substrate 442. In other words,
the first structure body 449 and the second structure body 445
serve as spacers in the pixel portion. Accordingly, a columnar
spacer or spherical spacer, which is generally provided in the



US 2011/0134350 Al

pixel portion to keep the distance between the first substrate
441 and the second substrate 442 uniform, is not additionally
needed. Thus, the number of process steps of the display
device can be reduced. Note that the first electrode 447 and
the second electrode 448 are arranged with an interval of 0.5
pm to 8 pm inclusive therebetween.

[0142] The first electrode 447 and the second electrode 448
are alternately arranged without overlapping with each other.
In addition, the first electrode 447 and the second electrode
448 do not have plate-like shapes but have comb-shaped parts
which have various opening patterns, bends, and branches.
[0143] The first electrode 447 and the second electrode 448
can be formed using a light-transmitting conductive material
such as oxide containing tungsten and indium (indium oxide
containing tungsten oxide), oxide containing tungsten,
indium, and zinc (indium zinc oxide containing tungsten
oxide), oxide containing titanium and indium (indium oxide
containing titanium oxide), oxide containing titanium,
indium, and tin (indium tin oxide containing titanium oxide),
oxide containing indium and tin (indium tin oxide or ITO),
oxide containing indium and zinc¢ (indium zinc oxide), and
oxide containing silicon, indium, and tin (indium tin oxide to
which silicon oxide is added). The second electrode 448 can
also be formed using one or plurality of materials selected
from metal such as tungsten (W), molybdenum (Mo), zirco-
nium (Zr), hathium (Hf), vanadium (V), niobium (Nb), tan-
talum (Ta), chromium (Cr), cobalt (Co), nickel (N1), titanium
(Ti), platinum (Pt), aluminum (Al), copper (Cu), or silver
(Ag); an alloy thereof; and nitride thereof. The second elec-
trode 448 can also be formed using a conductive composition
containing a conductive high molecule (also referred to as a
conductive polymer).

[0144] Note that in FIGS. 5A and 5B, the hatching patterns
of the first electrode 447 and the second electrode 448 are
different from each other and the materials of them are dif-
ferent for a better understanding of the description, but the
present invention is not limited to the structure. That is, the
first electrode 447 and the second electrode 448 can be
formed using the same material. Specifically, the first elec-
trode 447 and the second electrode 448 are preferably formed
using the same light-transmitting conductive material
because the number of process steps can be reduced com-
pared with the case where they are formed using different
materials. Further, a light-transmitting conductive material is
preferably used for forming the first electrode 447 and the
second electrode 448 because an aperture ratio will be
increased. Further, a light-transmitting conductive material is
more preferably used for forming the wiring 4054 and the
wiring 4055 as well as the first electrode 447 and the second
electrode 448 so that the aperture ratio may be further
increased.

[0145] Although FIGS. 5A and 5B illustrate a horizontal
electric field display device in which the second electrode 448
provided on the first substrate 441 side serves as a common
electrode, the present invention is not limited to the structure.
For example, as another common electrode, a third electrode
(asecond common electrode) can be additionally provided on
the counter substrate (the second substrate 442) side, in addi-
tion to the second electrode 448 (a first common electrode)
provided on the first substrate 441 side. In the case where the
third electrode is provided, the second electrode 448 on the
first substrate side and the third electrode on the second sub-
strate side are arranged to face (overlap with) each other with
the liquid crystal layer 444 interposed therebetween. Further,
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the second electrode 448 and the third electrode are prefer-
ably set to the same potential. In addition, the second elec-
trode 448 and the third electrode are preferably formed of the
same material.

[0146] By providing the third electrode on the second sub-
strate side, an electric field can be applied to the liquid crystal
layer 444 in an oblique direction (in a direction oblique to the
main surface of the first substrate 441) between the first
electrode 447 and the third electrode; thus, liquid crystal
molecules can be controlled more efficiently. The liquid crys-
tal molecules in the entire liquid crystal layer 444 including
the liquid crystal molecules in the thickness direction of the
liquid crystal layer 444 can be thereby made to respond and
the white transmittance (light transmittance in white display)
can be improved. As a result, the contrast ratio, which is a
ratio of the white transmittance to the black transmittance
(light transmittance in black display), can also be improved.
[0147] As described above, in this embodiment, the first
electrode 447 is provided so as to cover the first structure body
449 and the second electrode 448 is provided so as to cover
the second structure body 445, whereby the formation area of
the first electrode 447 and the second electrode 448 can be
increased in the thickness direction (in a three dimensional
direction) of the liquid crystal layer 444. Accordingly, when
voltage is applied between the first electrode 447 and the
second electrode 448, an electric field can be widely (effec-
tively) formed between the first electrode 447 and the second
electrode 448. Therefore. the driving voltage of the display
device can be lowered, which leads to a reduction in power
consumption. In addition, since the transistor 420 includes a
high-purity oxide semiconductor layer, power consumption
for displaying a still image or the like can be reduced as
described in Embodiment 1.

Embodiment 3

[0148] In this embodiment, another example which is dif-
ferent from the horizontal electric field display device
described in Embodiment 2 will be described.

[0149] Although illustrated in FIGS. SA and 5B and
described in Embodiment 2 is the horizontal electric field
display device in which the second electrode 448 provided on
the first substrate 441 side serves as a common electrode, the
present invention is not limited to the structure. For example,
as illustrated in FIG. 6, a third electrode 446 (a second com-
mon electrode) can be additionally provided on the counter
substrate (the second substrate 442) side to be used as a
common electrode, in addition to the second electrode 448 (a
first common electrode) provided on the first substrate 441
side. In the case where the third electrode is provided, the
second electrode 448 on the first substrate side and the third
electrode 446 on the second substrate side are arranged to
overlap with each other with the liquid crystal layer inter-
posed therebetween. Further, the second electrode 448 and
the third electrode 446 are preferably set to the same poten-
tial.

[0150] By providing the third electrode 446 on the second
substrate side, an electric field can be applied to the liquid
crystal layer 444 in an oblique direction (in a direction
oblique to the main surface of the first substrate 441) between
the first electrode 447 and the third electrode 446; thus, liquid
crystal molecules can be controlled more efficiently. The
liquid crystal molecules in the entire liquid crystal layer 444
including the liquid crystal molecules in the thickness direc-
tion of the liquid crystal layer 444 can be thereby made to
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respond and the white transmittance can be improved. As a
result, the contrast ratio, which is a ratio of the white trans-
mittance to the black transmittance (light transmittance in
black display), can also be improved.

[0151] In the display device illustrated in FIG. 6, the third
insulating film 417 and a light-blocking layer 414 are pro-
vided over the second insulating film 409. The light-blocking
layer 414 is formed over the transistor 420 (at least in a region
which covers the semiconductor layer of the transistor) with
the first insulating film 407 and the second insulating film 409
interposed therebetween and serves as a light-blocking layer
for the semiconductor layer. On the other hand, the third
insulating film 417 is a light-transmitting chromatic-color
resin layer and is formed to overlap with the first electrode
447, the second electrode 448, and the third electrode 446 and
serves as a color filter. Note that in the display device illus-
trated in FIG. 6, part of the second electrode 448 is formed
over the light-blocking layer 414 and the liquid crystal layer
444 is provided thereover.

[0152] A black organic resin is preferable as a material for
the light-blocking layer 414. For example, a black organic
resin which can be formed by mixing a black resin of a
pigment material, carbon black, titanium black, or the like
into a resin material such as photosensitive or non-photosen-
sitive polyimide can be used. As the formation method of the
light-blocking layer 414, a wet method such as spin coating,
dip coating, spray coating, a droplet discharge method (e.g.,
an ink jetting method, screen printing, or offset printing), or
the like may be used depending on the material. An etching
step (dry etching or wet etching) may be employed to form a
desired pattern, as necessary.

[0153] The light-blocking layer 414 can block incident
light on the oxide semiconductor layer 403 of the transistor
420 without a reduction in aperture ratio of a pixel, whereby
electric characteristics of the transistor 420 can be prevented
from being changed and can be stabilized. Further, the light-
blocking layer 414 can prevent light leakage to adjacent pix-
els, whereby higher contrast and higher definition display can
be performed.

[0154] Note that for the components in FIG. 6 with the
same reference numeral as the components in FIGS. 5A and
5B which are described in Embodiment 2, materials and
formation methods similar to those for the components in
FIGS. 5A and 5B can be used and thus detailed description
thereof is omitted here.

Embodiment 4

[0155] In this embodiment, another example which is dif-
ferent from the horizontal electric field display device
described in Embodiment 2 will be described.

[0156] Although illustrated in FIGS. 5A and 5B and
described in Embodiment 2 is the horizontal electric field
display device in which the third insulating film 417 is used as
a color filter, the present invention is not limited to the struc-
ture. For example, as illustrated in FIG. 7, a color filter 450
can be provided between the second substrate 442 and the
polarizing plate 4435. The color filter 450 may be thus pro-
vided on the outer side of the first substrate 441 or/and the
second substrate 442 between which the liquid crystal layer
444 is interposed. The color filter 450 can be formed using the
chromatic color light-transmitting resin described in
Embodiment 2.

[0157] The third insulating film 417 does not need to serve
as a color filter in FIG. 7, and is preferably formed using an
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insulating film which can planarize a surface. The insulating
film serving as a planarization film can be formed using a
heat-resistant organic material such as polyimide, acrylic,
benzocyclobutene, polyamide, or epoxy. As an alternative to
such organic materials, it is possible to use a low-dielectric
constant material (a low-k material), a siloxane-based resin,
phosphosilicate glass (PSG), borophosphosilicate glass
(BPSG), or the like. Note that the third insulating film 417
may be formed by stacking a plurality of insulating films
formed using any of these materials.

[0158] AsinFIG. 6 described in Embodiment 3, the display
device in FIG. 7 includes the third electrode 446 (the second
common electrode) provided on the counter substrate (the
second substrate 442) side as another common electrode, in
addition to the second electrode 448 (the first common elec-
trode) provided on the first substrate 441 side. In the case
where the third electrode is provided, the second electrode
448 on the first substrate side and the third electrode 446 on
the second substrate side are arranged to overlap with each
other with the liquid crystal layer interposed therebetween.
Further, the second electrode 448 and the third electrode 446
are preferably set to the same potential.

[0159] By providing the third electrode 446 on the second
substrate side, an electric field can be applied to the liquid
crystal layer 444 in an oblique direction (in a direction
oblique to the main surface of the first substrate 441) between
the first electrode 447 and the third electrode 446; thus, liquid
crystal molecules can be controlled more efficiently. The
liquid crystal molecules in the entire liquid crystal layer 444
including the liquid crystal molecules in the thickness direc-
tion of the liquid crystal layer 444 can be thereby made to
respond and the white transmittance can be improved. As a
result, the contrast ratio, which is a ratio of the white trans-
mittance to the black transmittance (light transmittance in
black display), can also be improved.

[0160] Note that for the components in FIG. 7 with the
same reference numeral as the components in FIGS. 5A and
5B which are described in Embodiment 2, materials and
formation methods similar to those for the components in
FIGS. 5A and 5B can be used and thus detailed description
thereof is omitted here.

Embodiment 5

[0161] In this embodiment, a structure which leads to a
further reduction in power consumption of a display device
will be described. Specifically, a structure where power con-
sumption is reduced not only in a pixel portion of a display
device, butalso ina driver circuit portion of the display device
will be described.

[0162] FIG. 8isablock diagram illustrating an example of
adisplay device. Note that the present invention is not limited
to the structure in F1G. 8.

[0163] A display device 1000 in FIG. 8 includes a display
panel 1001, asignal generation circuit 1002, amemory circuit
1003, a comparison circuit 1004, a selection circuit 1005, and
a display control circuit 1006. The display panel 1001
includes a driver circuit portion 1007 and a pixel portion
1008. The driver circuit portion 1007 includes a gate line
driver circuit 1009A and a signal line driver circuit 1009B.
The gate line driver circuit 1009A and the signal line driver
circuit 1009B have a function to drive the pixel portion 1008
including a plurality of pixels.

[0164] As a transistor included in the pixel portion 1008,
the transistor described in Embodiment 1 is used. In other
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words, an n-channel transistor including a high-purity oxide
semiconductor layer is used as a switching transistor. Note
that the driver transistor may include a high-purity oxide
semiconductor layer or a silicon layer. In this embodiment, an
n-channel transistor including a high-purity oxide semicon-
ductor layer is also used as a driver transistor.

[0165] Inthis embodiment, a switching transistor, which is
oneofthe transistors in the pixel portion 1008, is an n-channel
transistor including a high-purity oxide semiconductor layer,
whereby data such as an image signal can be held in a long
period of time. Therefore, the frequency of signal writing can
be decreased when a still image is displayed. Accordingly, a
reduction in power consumption of the display device can be
achieved.

[0166] Furthermore, in this embodiment, when a still image
is displayed, by operating the driver circuit portion to stop the
output of signals to be supplied to all the signal lines and/or all
the scan lines included in the pixel portion, power consump-
tion of the driver circuit portion as well as the pixel portion
can be reduced. In other words, the display device includes a
period when supply of signals to all the signal lines and/or all
the scan lines included in the pixel portion is stopped in a
period when the display device displays a still image. In this
embodiment, as one structure for achieving a reduction in
power consumption of the driver circuit portion, the display
device 1000 includes the signal generation circuit 1002, the
memory circuit 1003, the comparison circuit 1004, the selec-
tion circuit 1005, and the display control circuit 1006.
[0167] The signal generation circuit 1002 has a function to
generate a signal (a control signal) needed for driving the gate
line driver circuit 1009A and the signal line driver circuit
1009B. In addition, the signal generation circuit 1002 has a
function to output the control signal to the driver circuit
portion 1007 through a wiring and to output an image signal
(also referred to as video voltage, video signal, video data) to
the memory circuit 1003 through a wiring. In other words, the
signal generation circuit 1002 is a circuit for generating and
outputting control signals for controlling the driver circuit
portion 1007 and image signals to be supplied to the pixel
portion.

[0168] Specifically, the signal generation circuit 1002 sup-
plies, as the control signals, a high power supply potential
Vdd and a low power supply potential Vss to the gate line
driver circuit 1009 A and the signal line driver circuit 1009B,
a start pulse SP and a clock pulse CK for the gate line driver
circuit to the gate line driver circuit 1009A, and a start pulse
SP and a clock signal CK for the signal line driver circuit to
the signal line driver circuit 1009B. Moreover, the signal
generation circuit 1002 outputs image signal Data for dis-
playing a moving image or a still image to the memory circuit
1003.

[0169] The moving image refers to an image which is rec-
ognized as a moving image with human eyes by rapid switch-
ing of a plurality of images which are time-divided into a
plurality of frames. Specifically, a moving image refers to a
series of image signals which can be recognized as a moving
image with little flicker by human eyes by switching images
60 times (60 frames) or more per second. In contrast, a still
image refers to image signals in which a plurality of images
which are time-divided into a plurality of frames are switched
at high speed, but the image signals of a still image are not
different between successive frame periods, for example,
between the n-th frame and (n+1)th frame, unlike the moving
image.
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[0170] Note that the signal generation circuit 1002 may
have a function to generate other signals such as an image
signal and a latch signal. The signal generation circuit 1002
may also have a function to output, to the gate line driver
circuit 1009A and/or the signal line driver circuit 1009B, a
reset signal Res for stopping output of a pulse signal of each
driver circuit. Note that each signal may be composed of a
plurality of signals such as a first clock signal and a second
clock signal.

[0171] Note that a high power supply potential Vdd refers
to a potential which is higher than a reference potential, and a
low power supply potential refers to a potential whichis lower
than or equal to the reference potential. Note that both the
high power supply potential and the low power supply poten-
tial are preferably set to potentials with which a transistor can
operate.

[0172] Note that voltage refers to a potential difference
between a given potential and a reference potential (e.g., a
ground potential) in many cases. Accordingly, voltage, poten-
tial, and a potential difference can be referred to as potential,
voltage, and voltage difference, respectively.

[0173] In the case where an image signal output from the
signal generation circuit 1002 to the memory circuit 1003 is
an analog signal, the signal may be converted into a digital
signal through an A/D converter or the like to be output to the
memory circuit 1003.

[0174] The memory circuit 1003 includes a plurality of
frame memories 1010 for storing image signals of a plurality
of frames. Note that the frame memory may be formed using
a memory element such as dynamic random access memory
(DRAM) or static random access memory (SRAM).

[0175] Note that the number of frame memories 1010 is not
particularly limited as long as an image signal can be stored
for each frame period. The image signals of the frame memo-
ries 1010 are selectively read out by the comparison circuit
1004 and the selection circuit 1005.

[0176] The comparison circuit 1004 is a circuit which
selectively reads out image signals in successive frame peri-
ods stored in the memory circuit 1003, compares the image
signals, and detects a difference thereof. In the case where a
difference is detected by the comparison of the image signals
by the comparison circuit 1004, the image is recognized as a
moving image in the successive frame periods from which the
difference is detected. On the other hand, in the case where a
difference is not detected by the comparison of the image
signals by the comparison circuit 1004, the image is recog-
nized as a still image in the successive frame periods from
which the difference is not detected. In other words, depend-
ing on the presence or absence of difference detected by the
comparison circuit 1004, whether the image signals in the
suiccessive frame periods are image signals for displaying a
moving image or image signals for displaying a still image is
determined. Note that the difference obtained by the compari-
son may be set to be detected when the difference exceeds a
certain level.

[0177] The selection circuit 1005 includes a plurality of
switches such as transistors, and is a circuit which selects the
image signals from the frame memories 1010 in which the
image signals are stored, and outputs the image signals to the
display control circuit 1006 when it is determined that the
image signals are those for displaying a moving image by the
difference detection in the comparison circuit 1004. Note that
in the case where a difference of image signals between
frames compared by the comparison circuit is not detected, an
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image displayed in the successive frame periods is a still
image. In that case, image signal of the latter of the successive
frame periods is not output to the display control circuit 1006.
[0178] The display control circuit 1006 is a circuit which
switches between supply and stop of the image signal and the
control signals such as the high power supply potential Vdd,
the low power supply potential Vss, the start pulse SP, the
clock pulse CK, and the reset signal Res to the driver circuit
portion 1007. Specifically, when it is determined that an
image to be displayed is a moving image by the comparison
circuit 1004, that is, a difference between image signals in
successive frame periods is detected, the image signals are
supplied from the selection circuit 1005 to the display control
circuit 1006, Then, the image signals are supplied to the driver
circuit portion 1007 through the display control circuit 1006.
In addition, the control signals are supplied to the driver
circuit portion 1007 through the display control circuit 1006.
On the other hand, when it is determined that an image to be
displayed is a still image by the comparison circuit 1004, that
is, a difference between image signals in successive frame
periods is not detected, the image signal of the latter of the
successive frame periods is not supplied from the selection
circuit 1005; thus, the image signal of latter of the successive
frame periods is not supplied to the driver circuit portion 1007
through the display control circuit 1006, and the display
control circuit 1006 stops supplying the control signals to the
driver circuit portion 1007.

[0179] Note that in the case where it is determined that the
image to be displayed is a still image, when the period during
which the image is displayed is short, supply of the high
power supply potential Vdd and the low power supply poten-
tial Vss among the control signals is not necessarily stopped.
In this case, an increase of the power consumption due to
frequent stop and start of supply of the high power supply
potential Vdd and the low power supply potential Vss can be
reduced, which is preferable.

[0180] It is preferable that the supply of the image signals
and the control signals is stopped during a period in which the
image signal can be held in each pixel in the pixel portion
1008, and the display control circuit 1006 may have a struc-
ture which can again supply the image signals and the control
signals which the display control circuit 1006 supplies before,
so that the image signals are supplied again after the holding
period of each pixel.

[0181] The supply of a signal refers to supply of a prede-
termined potential to a wiring. The stop of supply of a signal
refers to stop of supply of the predetermined potential to the
wiring, and electrical connection to a wiring to which a pre-
determined fixed potential is supplied, for example, a wiring
to which the low power supply potential Vss is supplied. The
stop of supply of a signal also refers to cut of an electrical
connection to a wiring to which a predetermined potential is
supplied and to bring the wiring into a floating state.

[0182] Inthis manner, image signals are compared to deter-
mine whether an image thereof is a moving image or a still
image, and supply or stop of control signals such as a clock
signal or a start pulse is selected, whereby power consump-
tion of the driver circuit portion 1007 can be reduced.
[0183] Next, an example of a structure of a shift register
included in each of the gate line driver circuit 1009A and the
signal line driver circuit 1009B of the driver circuit portion
1007 will be described with reference to FIGS. 9A to 9C.
[0184] The shift register illustrated in FIG. 9A includes a
first to Nth pulse output circuits 10_1 to 10_N (N is a natural
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number of 3 or more). In the shift register illustrated in FIG.
9A, a first clock signal CK1, a second clock signal CK2, a
third clock signal CK3, and a fourth clock signal CK4 are
supplied from a first wiring 11, a second wiring 12, a third
wiring 13, and a fourth wiring 14, respectively, to the first to
Nth pulse output circuits 10_1 to 10_N. A start pulse SP1 (a
first start pulse) is input from a fifth wiring 15 to the first pulse
output circuit 10_1. To the nth pulse output circuit 10_» of
the second or subsequent stage (n is a natural number of 2 or
more and N or less), a signal from the pulse output circuit of
the preceding stage (such a signal is referred to as a preced-
ing-stage signal OUT (n-1)) is input. To the first pulse output
circuit 10_1, a signal from the third pulse output circuit 10_3
of the stage following the next stage is input. Similarly, to the
nth pulse output circuit 10_# of the second or subsequent
stage, a signal from the (n+2)th pulse output circuit 10_(n+2)
of the stage following the next stage (such a signal is referred
to as a subsequent-stage signal OUT(n+2)) is input. There-
fore, the pulse output circuits of the respective stages output
first output signals (OUT(1)(SR) to OUT(N)(SR)) to be input
to the pulse output circuit of the subsequent stage and/or the
pulse output circuit of the stage before the preceding stage,
and second output signals (OUT(1) to OUT(N)) to be input to
another wiring or the like. Note that since the subsequent-
stage signal OUT(n+2) is not input to the last two stages of the
shift register as illustrated in FIG. 9A, a second start pulse
SP2 and a third start pulse SP3 may be input from a seventh
wiring 17 and an eighth wiring 18, respectively, to the pulse
output circuits of the last two stages. for example. Alterna-
tively, a signal which is additionally generated in the shift
register may be used. For example, a structure may be
employed in which a (N+1)th pulse output circuit 10_(N+1)
and a (N+2)th pulse output circuit 10_(N+2) which do not
contribute to pulse output to the display portion (such circuits
are also referred to as dummy stages) may be provided so that
signals corresponding to the second start pulse (SP2) and the
third start pulse (SP3) are generated in the dummy stages.

[0185] Note that the first to the fourth clock signals (CK1)
to (CK4) are signals that alternate between an H level and an
L level at regular intervals as illustrated in FIG. 10. The first
clock signal (CK1) to the fourth clock signal (CK4) are
delayed by Y4 cycle sequentially. In this embodiment, driving
of the pulse output circuit or the like is controlled with the first
to fourth clock signals (CK1) to (CK4). Note that the clock
signal CK may be referred to as GCK or SCK in some cases
depending on a driver circuit to which the clock signal is
input, but the clock signal is referred to as CK here.

[0186] Each of the first to Nth pulse output circuits 10_1 to
10_N includes a first input terminal 21, a second input termi-
nal 22, a third input terminal 23, a fourth input terminal 24, a
fifth input terminal 25, a first output terminal 26, and a second
output terminal 27 (see FIG. 9B).

[0187] Thefirstinputterminal 21, the second input terminal
22, and the third input terminal 23 are electrically connected
to any of the first to fourth wirings 11 to 14. For example, in
the first pulse output circuit 10_1in FIGS. 9A and 9B, the first
input terminal 21 is electrically connected to the first wiring
11, the second input terminal 22 is electrically connected to
the second wiring 12, and the third input terminal 23 is elec-
trically connected to the third wiring 13. In the second pulse
output circuit 10_2, the first input terminal 21 is electrically
connected to the second wiring 12, the second input terminal



US 2011/0134350 Al

22 is electrically connected to the third wiring 13, and the
third input terminal 23 is electrically connected to the fourth
wiring 14.

[0188] InFIGS.9A and 9B, in the first pulse output circuit
10_1, the start pulse is input to the fourth input terminal 24, a
subsequent-stage signal OUT(3) is input to the fifth input
terminal 25, the first output signal OUT(1)(SR) is output from
the first output terminal 26, and the second output signal
OUT(1) is output from the second output terminal 27.

[0189] Next, an example of a specific circuit configuration
of the pulse output circuit will be described with reference to
FIG. 9C.

[0190] In FIG. 9C, a first terminal of a first transistor 31 is
electrically connected to a power supply line 51, a second
terminal of the first transistor 31 is electrically connected to a
first terminal of a ninth transistor 39, and a gate of the first
transistor 31 is electrically connected to the fourth input ter-
minal 24. A first terminal of a second transistor 32 is electri-
cally connected to a power supply line 52, a second terminal
of the second transistor 32 is electrically connected to the first
terminal of the ninth transistor 39, and a gate of the second
transistor 32 is electrically connected to a gate of a fourth
transistor 34. A first terminal of a third transistor 33 is elec-
trically connected to the first input terminal 21, and a second
terminal of the third transistor 33 is electrically connected to
the first output terminal 26. A first terminal of the fourth
transistor 34 is electrically connected to the power supply line
52, and a second terminal of the fourth transistor 34 is elec-
trically connected to the first output terminal 26. A first ter-
minal of a fifth transistor 35 is electrically connected to the
power supply line 52, a second terminal of the fifth transistor
35 is electrically connected to the gate ofthe second transistor
32 and the gate of the fourth transistor 34, and a gate of the
fifth transistor 35 is electrically connected to the fourth input
terminal 24. A first terminal of a sixth transistor 36 is electri-
cally connected to the power supply line 51, a second terminal
of the sixth transistor 36 is electrically connected to the gate
of the second transistor 32 and the gate of the fourth transistor
34, and a gate of the sixth transistor 36 is electrically con-
nected to the fifth input terminal 25. A first terminal of a
seventh transistor 37 is electrically connected to the power
supply line 51, a second terminal of the seventh transistor 37
is electrically connected to a second terminal of an eighth
transistor 38, and a gate of the seventh transistor 37 is elec-
trically connected to the third input terminal 23. A first ter-
minal of the eighth transistor 38 is electrically connected to
the gate of the second transistor 32 and the gate of the fourth
transistor 34, and a gate of the eighth transistor 38 is electri-
cally connected to the second input terminal 22. The first
terminal of the ninth transistor 39 is electrically connected to
the second terminal of the first transistor 31 and the second
terminal of the second transistor 32, a second terminal of the
ninth transistor 39 is electrically connected to a gate of the
third transistor 33 and a gate of a tenth transistor 40, and a gate
of the ninth transistor 39 is electrically connected to the power
supply line 51. A first terminal of the tenth transistor 40 is
electrically connected to the first input terminal 21, a second
terminal of the tenth transistor 40 is electrically connected to
the second output terminal 27, and the gate of the tenth
transistor 40 is electrically connected to the second terminal
of the ninth transistor 39. A first terminal of an eleventh
transistor 41 is electrically connected to the power supply line
52, a second terminal of the eleventh transistor 41 is electri-
cally connectedto the second output terminal 27, and a gate of
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the eleventh transistor 41 is electrically connected to the gate
of the second transistor 32 and the gate of the fourth transistor
34.

[0191] InFIG. 9C, a connection point where the gate of the
third transistor 33, the gate of the tenth transistor 40, and the
second terminal of the ninth transistor 39 are connected is
referred to as a node NA. A connection point where the gate
ofthe second transistor 32, the gate of the fourth transistor 34,
the second terminal of the fifth transistor 35, the second
terminal of the sixth transistor 36, the first terminal of the
eighth transistor 38, and the gate of the eleventh transistor 41
are connected is referred to as a node NB.

[0192] Inthe case where the pulse output circuit in FIG. 9C
is the first pulse output circuit 10_1, the first clock signal CK1
is input to the first input terminal 21, the second clock signal
CK2 is input to the second input terminal 22, the third clock
signal CK3 is input to the third input terminal 23, the start
pulse SP1 is input to the fourth input terminal 24, a subse-
quent-stage signal OUT(3) is input to the fifth input terminal
25, the OUT(1)(SR) is output from the first output terminal
26, and the OUT(1) is output from the second output terminal
27.

[0193] FIG. 10is atiming diagram of a shift register includ-
ing a plurality of pulse output circuits illustrated in FIG. 9C.
Note that when the shift register is a scan line driver circuit, a
period 61 in FIG. 10 corresponds to a vertical retrace period
and a period 62 corresponds to a gate selection period.
[0194] The process of supply and stop of potentials of wir-
ings in the driver circuit including a plurality of n-channel
transistors illustrated as an example in FIGS. 9A to 9C, in the
case where a still image and a moving image are displayed, is
described below.

[0195] First, to stop operation of the driver circuit portion
1007, supply of the start pulse SP is stopped by the display
control circuit 1006. After the supply of the start pulse SP is
stopped, pulse output reaches the last stage of the shift regis-
ter, and then supply of the each clock signal CK is stopped.
Next, supply of the high power supply potential Vdd and the
low power supply potential Vss of the power supply voltage is
stopped (see FI1G. 12A). To start the operation of the driver
circuit portion 1007 again, first, the display control circuit
1006 supplies the high power supply potential Vdd and the
low power supply potential Vss of the power supply voltage to
the driver circuit portion 1007. Then, each of the clock signals
CKis supplied, and then, supply of the start pulse SP is started
again (see F1G. 12B).

[0196] Inthe description of FIGS.9A to 9C, the reset signal
Res is not supplied to the driver circuit. A structure in which
the reset signal Res is supplied will be described with refer-
ence to FIGS. 11A to 11 C.

[0197] The shift register illustrated in FIG. 11A includes a
first to Nth pulse output circuits 10_1 to 10_N (N is a natural
number of 3 or more). In the shift register illustrated in FIG.
11A, a first clock signal CK1, a second clock signal CK2, a
third clock signal CK3, and a fourth clock signal CK4 are
supplied from a first wiring 11, a second wiring 12, a third
wiring 13, and a fourth wiring 14, respectively, to the first to
Nth pulse output circuits 10_1 to 10_N. A start pulse SP1 (a
first start pulse) is input from a fifth wiring 15 to the first pulse
output circuit 10_1. To the nth pulse output circuit 10_» of
the second or subsequent stage (n is a natural number of 2 or
more and N or less), a signal from the pulse output circuit of
the preceding stage (such a signal is referred to as a preced-
ing-stage signal OUT(n-1)) is input. To the first pulse output
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circuit 10_1, a signal from the third pulse output circuit 10_3
of the stage following the next stage is input. Similarly, to the
nth pulse output circuit 10_# of the second or subsequent
stage, a signal from the (n+2)th pulse output circuit 10_(7+2)
of the stage following the next stage (such a signal is referred
to as a subsequent-stage signal OUT(n+2)) is input. There-
fore, the pulse output circuits of the respective stages output
first output signals (OUT(1)(SR) to OUT(N)(SR)) to be input
to the pulse output circuit of the subsequent stage and/or the
pulse output circuit of the stage before the preceding stage,
and second output signals (OUT(1) to OUT(N)) to be input to
another wiring or the like. To the pulse output circuit in each
stage, a reset signal Res is supplied from a sixth wiring 16.
[0198] The pulse output circuit illustrated in FIGS. 11A to
11C is different from the pulse output circuit illustrated in
FIGS. 9A to 9C in that the sixth wiring 16 for supplying the
reset signal Res is provided; the other portions are similar to
those described with reference to FIGS. 9A to 9C.

[0199] Each of the first to Nth pulse output circuits 10_1 to
10_N includes the first input terminal 21, the second input
terminal 22, the third input terminal 23, a fourth input termi-
nal 24, a fifth input terminal 25, a first output terminal 26, a
second output terminal 27, and a sixth input terminal 28 (see
FIG. 11B).

[0200] Thefirstinputterminal 21, the second input terminal
22, and the third input terminal 23 are electrically connected
to any of the first to fourth wirings 11 to 14. For example, in
the first pulse output circuit 10_1 in FIGS. 11A and 11B, the
first input terminal 21 is electrically connected to the first
wiring 11, the second input terminal 22 is electrically con-
nected to the second wiring 12, and the third input terminal 23
is electrically connected to the third wiring 13. In the second
pulse output circuit 10_2, the first input terminal 21 is elec-
trically connected to the second wiring 12, the second input
terminal 22 is electrically connected to the third wiring 13,
and the third input terminal 23 is electrically connected to the
fourth wiring 14.

[0201] In FIGS. 11A and 11B, in the first pulse output
circuit 10_1, the start pulse is input to the fourth input termi-
nal 24, a subsequent-stage signal OUT(3) is input to the fifth
input terminal 25, the first output signal OUT(1)(SR) is out-
put from the first output terminal 26, the second output signal
OUT(1)1s output from the second output terminal 27, and the
reset signal Res is input from the sixth input terminal 28.
[0202] Next, an example of a specific circuit configuration
of the pulse output circuit will be described with reference to
FIG. 11C.

[0203] InFIG. 11C, the first terminal of the first transistor
31 is electrically connected to the power supply line 51, the
second terminal of the first transistor 31 is electrically con-
nected to the first terminal of the ninth transistor 39, and the
gate of the first transistor 31 is electrically connected to the
fourth input terminal 24. The first terminal of the second
transistor 32 is electrically connected to the power supply line
52, the second terminal of the second transistor 32 is electri-
cally connected to the first terminal of the ninth transistor 39,
and the gate of the second transistor 32 is electrically con-
nected to the gate of the fourth transistor 34. The first terminal
of the third transistor 33 is electrically connected to the first
input terminal 21, and the second terminal of the third tran-
sistor 33 is electrically connected to the first output terminal
26. The first terminal of the fourth transistor 34 is electrically
connected to the power supply line 52, and the second termi-
nal of the fourth transistor 34 is electrically connected to the
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first output terminal 26. The first terminal of the fifth transis-
tor 35 is electrically connected to the power supply line 52,
the second terminal of the fifth transistor 35 is electrically
connected to the gate of the second transistor 32 and the gate
of the fourth transistor 34, and the gate of the fifth transistor
35 is electrically connected to the fourth input terminal 24.
The first terminal of the sixth transistor 36 is electrically
connected to the power supply line 51, the second terminal of
the sixth transistor 36 is electrically connected to the gate of
the second transistor 32 and the gate of the fourth transistor
34, and the gate of the sixth transistor 36 is electrically con-
nected to the fifth input terminal 25. The first terminal of the
seventh transistor 37 is electrically connected to the power
supply line 51, the second terminal of the seventh transistor
37 is electrically connected to the second terminal of the
eighth transistor 38, and the gate of the seventh transistor 37
is electrically connected to the third input terminal 23. The
first terminal of the eighth transistor 38 is electrically con-
nected to the gate of the second transistor 32 and the gate of
the fourth transistor 34, and the gate of the eighth transistor 38
is electrically connected to the second input terminal 22. The
first terminal of the ninth transistor 39 is electrically con-
nected to the second terminal of the first transistor 31 and the
second terminal of the second transistor 32, the second ter-
minal of the ninth transistor 39 is electrically connected to the
gate of the third transistor 33 and the gate of the tenth tran-
sistor 40, and the gate of the ninth transistor 39 is electrically
connected to the power supply line 51. The first terminal of
the tenth transistor 40 is electrically connected to the first
input terminal 21, the second terminal of the tenth transistor
40 is electrically connected to the second output terminal 27,
and the gate of the tenth transistor 40 is electrically connected
to the second terminal of the ninth transistor 39. The first
terminal of the eleventh transistor 41 is electrically connected
to the power supply line 52, the second terminal of the elev-
enth transistor 41 is electrically connected to the second out-
put terminal 27, and the gate of the eleventh transistor 41 is
electrically connected to the gate of the second transistor 32
and the gate of the fourth transistor 34. The gate of the second
transistor 32, the gate of the fourth transistor 34, the second
terminal of the fifth transistor 35, the second terminal of the
sixth transistor 36, the first terminal of the eighth transistor
38, and the gate of the eleventh transistor 41 are electrically
connected to a wiring 53 for supplying the reset signal Res.
The reset signal Res is a signal which supplies a high power
supply potential level to the gate of the second transistor 32,
the gate of the fourth transistor 34, the second terminal of the
fifth transistor 35, the second terminal of the sixth transistor
36, the first terminal of the eighth transistor 38, and the gate of
the eleventh transistor 41, and thereby reducing the output
from the pulse output circuit to a signal at a low power supply
potential level.

[0204] In FIG. 11C, a connection point where the gate of
the third transistor 33, the gate of the tenth transistor 40, and
the second terminal of the ninth transistor 39 are connected is
referred to as a node NA. A connection point where the gate
ofthe second transistor 32, the gate of the fourth transistor 34,
the second terminal of the fifth transistor 35, the second
terminal of the sixth transistor 36, the first terminal of the
eighth transistor 38, and the gate of the eleventh transistor 41
are connected is referred to as a node NB.

[0205] In the case where the pulse output circuit in FIG.
11C is the first pulse output circuit 10_1, the first clock signal
CK1 is input to the first input terminal 21, the second clock
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signal CK2 is input to the second input terminal 22, the third
clock signal CK3 is input to the third input terminal 23, the
start pulse SP is input to the fourth input terminal 24, a
subsequent-stage signal OUT(3) is input to the fifth input
terminal 25, the OUT(1)(SR) is output from the first output
terminal 26, the OUT(1) is output from the second output
terminal 27, and the reset signal Res is input to the sixth input
terminal 28.

[0206] Note that the timing diagram of the shift register
including a plurality of pulse output circuits illustrated in
FIG. 11C is similar to that illustrated in FIG. 10.

[0207] The process of supply and stop of potentials of wir-
ings in the driver circuit including a plurality of n-channel
transistors illustrated as an example in FIGS. 11A to 11C, in
the case where a still image and a moving image are dis-
played, is described below.

[0208] First, to stop operation of the driver circuit portion
1007, supply of the start pulse SP is stopped by the display
control circuit 1006. After the supply of the start pulse SP is
stopped, pulse output reaches the last stage of the shift regis-
ter, and then supply of the each clock signal CK is stopped.
Next, the reset signal Res is supplied. Next, supply of the high
power supply potential Vdd and the low power supply poten-
tial Vs of the power supply voltage is stopped (see FIG. 12C).
To start the operation of the driver circuit portion 1007 again,
first, the display control circuit 1006 supplies the high power
supply potential Vdd and the low power supply potential Vss
of the power supply voltage to the driver circuit portion 1007.
Next, the reset signal Res 1s supplied. Then, each of the clock
signals CK is supplied, and then, supply of the start pulse SP
1s started again (see FIG. 12D).

[0209] The structure illustrated in FIGS. 11A to 11C in
which the reset signal is supplied in addition to the structure
illustrated in FIGS. 9A to 9C is preferable because malfunc-
tion due to signal delay at the time of switching between a still
image and a moving image or the like can be reduced.
[0210] As described above, by providing a transistor
including a high-purity oxide semiconductor in each pixel, a
period in which a storage capacitor can hold voltage can be
longer than that in a conventional case, and power consump-
tion for displaying a still image or the like can be reduced.
Furthermore, when a still image is displayed, by operating the
driver circuit portion to stop the output of a signal to be
supplied to all the signal lines and/or all the scan lines in the
pixel portion, power consumption of the driver circuit portion
as well as the pixel portion can be reduced.

Embodiment 6

[0211] In this embodiment, an example of a display device
including aliquid crystal material which exhibits a blue phase
will be described. Specifically. an example of a structure of a
pixel will be described.

[0212] First, a light transmittance characteristic of a liquid
crystal material which exhibits a blue phase in accordance
with voltage will be described with reference to FIG. 26. In
FIG. 26, the horizontal axis represents application voltage,
which corresponds to a potential difference between a pixel
electrode and a common electrode. Here, the common elec-
trode was connected to a GND line (a ground line) and the
pixel electrode was supplied with voltage. The vertical axis
represents intensity of transmitted light which is the mea-
sured intensity of light emitted from a light source and passed
through samples.
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[0213] Three samples, Comparative Sample, Sample 1, and
Sample 2 were used. Sample 1 and Sample 2 include a liquid
crystal material which exhibits a blue phase, whereas Com-
parative Sample includes conventional PVA liquid crystal.
Sample 1 has a structure where, on the first substrate side, a
pixel electrode is provided to cover a first structure body and
a common electrode is provided to cover a second structure
body (see FIGS. 5A and 5B). Sample 2 has a structure where,
on the first substrate side, a pixel electrode is provided to
cover a first structure body and a first common electrode is
provided to cover a second structure body; and on the second
substrate (the counter substrate) side, the second common
electrode is provided to face the first common electrode (see
FIG. 6). Note that the first common electrode and the second
common electrode are both connected to a GND line (a
ground line) and have the same potential.

[0214] As shown in FIG. 26, the line of Comparative
Sample of conventional PVA liquid crystal has a threshold
voltage and does not pass through the origin. On the other
hand, as shown by the lines of Samples 1 and 2 in FIG. 26, the
lines of a liquid crystal material which exhibits a blue phase
do not have a threshold voltage and pass through the origin. In
addition, the lines of a liquid crystal material which exhibits
a blue phase have a region where the lines are concave up.
Therefore, to take advantage of the characteristic of a liquid
crystal material which exhibits a blue phase, a display device
may be set so that it may display grayscale within the range
where the lines are concave up, and thus gamma correction
can be automatically performed. For example, in the case of
Samples 1 and 2 in FIG. 26, the display device may be set so
as to operate within the range from 0 volts to X volts. Note that
in the case where grayscale with extremely high luminance is
to be displayed, the display device may be operated by appli-
cation of voltage of X volts or more. When grayscale is
displayed within the range where the lines are concave up, a
gamma correction circuit is not needed in the display device,
whereby an inexpensive display device can be provided. If the
display device is not provided with the gamma correction
circuit, the grayscale signals input to the pixels have the same
voltage difference between grayscale levels or the bit number
of output signals from a digital-to-analog converter (herein-
after, referred to as a DAC) and that of signals input to the
pixel are the same.

[0215] Forexample, a structure can be employed where, as
illustrated in FIG. 3, a video signal is input to a signal line
driver circuit 1241 (a source driver) and then to a DAC 1242
to be converted into an analog signal, and the analog signal is
output to a pixel portion 1243 without gamma correction.
Note that although the DAC 1242 is provided as part of the
signal line driver circuit 1241 in FIG. 3, the present invention
is not limited thereto. Further, in the case where video signals
for television are input to the signal line driver circuit 1241,
the video signals for television may be subjected to inverse
gamma correction and then input to the DAC 1242 to be
converted into analog signals which can be output to the pixel
portion 1243 without gamma correction.

[0216] Further, since the gamma correction circuit is not
required, a capacitor digital-to-analog converter (hereinafter,
referred to as a C-DAC) can be used whereas a display device
which requires the gamma correction circuit has to have a
resistor digital-to-analog converter as a DAC. A resistor digi-
tal-to-analog converter (hereinafter, referred to as an R-DAC)
performs gamma correction using series-connected resistors
having different resistance values, and thus current is kept
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supplied to the resistors and power consumption is high. In
addition, many resistors are needed for multi-grayscale dis-
play and the size of the DAC increases. On the other hand,
current is not kept supplied in the C-DAC whereby power
consumption can be suppressed. In addition, in the case of
multi-grayscale display, the C-DAC is difficult to output volt-
age other than linear voltage. The liquid crystal material
which exhibits a blue phase linearly changes its liquid crystal
capacity in accordance with voltage. Thus, when a liquid
crystal material which exhibits a blue phase is used as a liquid
crystal layer, a C-DAC can be employed.

[0217] A C-DAC can have various circuit structures. For
example, a C-DAC having a structure illustrated in FIG. 27A
can be used. The C-DAC in FIG. 27A is a 3-bit circuit and
includes first to fourth switches 1211 to 1214, first to third
capacitors 1201 to 1203, and an amplifier 1210. The ratio of
capacitance of the first capacitor 1201: the second capacitor
1202: the third capacitor 1203 is 1:2:4. Note that the bit
number of the C-DAC is not limited to three and the number
of switches and capacitors may be changed as appropriate in
accordance with the bit number.

[0218] The operation of the C-DAC includes the following
three steps. In the first step, the first to fourth switches 1211 to
1214 make all the capacitors (the first to third capacitors 1201
to 1203) electrically connected to a common potential Vecom
to discharge the capacitors. In the second step, the fourth
switch 1214 is brought into a non-conductive state (an off
state). In the third step, a digital signal (a video signal) makes
a predetermined switch out of the first to third switches 1211
to 1213 be electrically connected to a first wiring. Note that in
the case where signals are output to pixels using one C-DAC,
the first wiring is supplied with a potential V, when the signal
is positive and a potential V; when the signal is negative. In
the case where signals are output to pixels using two C-DACs,
the first wiring of one of the C-DACs is supplied with a
potential V,; and the first wiring of the other C-DACs is
supplied with a potential V; . In such a manner, digital signals
input to the C-DAC can be converted into analog signals and
output therefrom. When an analog signal for three grayscale
levels is to be output, for example, only the second switch
1212 out of the first to third switches 1211 to 1213 may be
made electrically connected to the first wiring in the third
step. When an analog signal for one grayscale level is to be
output, all the second to fourth switches (1212 to 1214) may
be made electrically connected to the common potential
Vcom in the third step.

[0219] Various elements can be employed as the first to
fourth switches 1211 to 1214. For example, transistors which
operate in the linear region can be used. For example, as
illustrated in FIG. 27B, the first switch 1211 can be composed
of a first transistor 1221 and a second transistor 1222, the
second switch 1212 can be composed of a third transistor
1223 and a fourth transistor 1224, the third switch 1213 can
be composed of a fifth transistor 1225 and a sixth transistor
1226, and the fourth switch 1214 can be composed of a
seventh transistor 1227. In addition, in FIG. 27B, an opera-
tional amplifier 1220 is used as the amplifier.

[0220] Inthisembodiment, as the first to seventh transistors
1221 to 1227, the transistor including a high-purity oxide
semiconductor described in Embodiment 1 is used. In this
case, a capacitor with extremely low charge leakage can be
provided, whereby the sizes of the first to third capacitors
1201 to 1203 can be small. Therefore, compared to the con-
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ventional display device, the grayscale levels can be
increased when the DAC is formed in the area with the same
size.

Embodiment 7

[0221] Inthisembodiment, a structural example of the tran-
sistor 6401 described in Embodiment 1 and an example of a
manufacturing method thereof will be described. In other
words, a structural example of a transistor including a high-
purity oxide semiconductor and an example of a manufactur-
ing method thereof will be described.

[0222] First, FIGS. 13A and 13B illustrate a planar struc-
ture and a cross-sectional structure of an example of a tran-
sistor. FIG. 13A is a plan view of a transistor 410 having a
top-gate structure and FIG. 13B is a cross-sectional view
taken along C1-C2 in FIG. 13A.

[0223] Thetransistor 410 includes, over a substrate 400, an
insulating layer 404, an oxide semiconductor layer 412, a first
electrode (one of a source electrode and a drain electrode)
4154, a second electrode (the other of the source electrode
and the drain electrode) 4155, a gate insulating layer 402, and
a gate electrode 411. A wiring layer (a first wiring) 414a and
awiring layer (a second wiring) 4145 are provided in contact
with and electrically connected to the first electrode 4154 and
the second electrode 4155, respectively.

[0224] Note that although the transistor 410 in FIG. 13A
has a single-gate structure, the present invention is not limited
to the structure. The transistor may have a multi-gate structure
which includes a plurality of gate electrodes and a plurality of
channel formation regions.

[0225] Next, a manufacturing process of the transistor 410
will be described with reference to FIGS. 14A to 14E.
[0226] First,aninsulating layer 407 serving as a base film is
formed over the substrate 400.

[0227] Although there is no particular limitation on a sub-
strate that can be used as the substrate 400, the substrate needs
to have heat resistance high enough to withstand at least heat
treatment to be performed later. In the case where the tem-
perature of the heat treatment to be performed later is high, a
substrate having a strain point of 730° C. or higher is prefer-
ably used. Specific examples of the substrate 400 include a
glass substrate, a crystalline glass substrate, a ceramic sub-
strate, a quartz substrate, a sapphire substrate, and a plastic
substrate. Further, specific examples of a material of the glass
substrate include aluminosilicate glass, aluminoborosilicate
glass, and barium borosilicate glass.

[0228] Astheinsulating layer 407, an oxideinsulating layer
such as a silicon oxide layer, a silicon oxynitride layer, an
aluminum oxide layer, or an aluminum oxynitride layer is
preferably used. The insulating layer 407 can be formed by a
plasma CVD method, a sputtering method, or the like. In
order to prevent the insulating layer 407 from containing a
large amount of hydrogen, the insulating layer 407 is prefer-
ably formed by a sputtering method. In this embodiment, a
silicon oxide layer is formed as the insulating layer 407 by a
sputtering method. Specifically, the substrate 400 is trans-
ferred to a process chamber and a sputtering gas including
high-purity oxygen from which hydrogen and moisture are
removed is introduced, and a target of silicon or silicon oxide
is used, whereby a silicon oxide layer is formed as the insu-
lating layer 407 over the substrate 400. Note that the substrate
400 may be kept at room temperature or may be heated during
deposition.
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[0229] A specific example of a deposition condition for a
silicon oxide film is as follows: quartz (preferably, synthetic
quartz) is used as the target; the substrate temperature is 108°
C.; the distance between a target and the substrate 400 (T-S
distance) is 60 mm; the pressure is 0.4 Pa; the high-frequency
power is 1.5 kW; the atmosphere is oxygen and argon (the
flow rate ratio of oxygen to argon is 25 scem: 25 scem=1:1);
and an RF sputtering method is used. The thickness of the film
is 100 nm. Note that a silicon target may be used as the target
instead of the quartz (preferably, synthetic quartz) target.
Further, an oxygen gas may be used as a sputtering gas instead
of a mixed gas of oxygen and argon. Here, a sputtering gas for
forming the insulating layer 407 is a high-purity gas in which
impurities such as hydrogen, water, hydroxyl, or hydride are
reduced to such a level that the concentration thereof can be
expressed by ppm or ppb.

[0230] Further, it is preferable that the insulating layer 407
be formed while moisture remaining in the process chamber
is removed so that the insulating layer 407 may be prevented
from including hydrogen, hydroxyl, or moisture.

[0231] In order to remove moisture remaining in the pro-
cess chamber, a capture-type vacuum pump may be used. For
example, acryopump, an ion pump, or a titanium sublimation
pump can be used. Further, as an evacuation means, a turbo
pump provided with a cold trap is preferable. A process cham-
ber which is evacuated with a cryopump is preferable because
hydrogen atoms, compounds including ahydrogen atom such
as water (H,0), or the like are exhausted from the chamber
and thus hydrogen atoms are hardly included in the insulating
layer 407 formed in the chamber.

[0232] Examples of a sputtering method include an RF
sputtering method in which a high-frequency power source is
used for a sputtering power supply, a DC sputtering method,
and a pulsed DC sputtering method in which a bias is applied
in a pulsed manner. An RF sputtering method is mainly used
in the case where an insulating film is formed, and a DC
sputtering method is mainly used in the case where a metal
film is formed.

[0233] In addition, there is also a multi-source sputtering
apparatus in which a plurality of targets of different materials
can be set. With the multi-source sputtering apparatus, films
of different materials can be formed to be stacked in the same
chamber, or a film can be formed by electric discharge of
plural kinds of materials at the same time in the same cham-
ber.

[0234] Further, a sputtering apparatus provided with a mag-
net system inside the chamber and used for a magnetron
sputtering method, or a sputtering apparatus used for an ECR
sputtering method in which plasma generated with the use of
microwaves is used without using glow discharge can be
used.

[0235] Further, as a deposition method using a sputtering
method, there are also a reactive sputtering method in which
atarget substance and a sputtering gas component are chemi-
cally reacted with each other during the deposition to form a
thin compound film thereof, and a bias sputtering method in
which voltage is also applied to a substrate during the depo-
sition.

[0236] The structure of the insulating layer 407 is not lim-
ited to a single-layer structure and may be a stacked-layer
structure. For example, the insulating layer 407 may have a
stacked-layer structure in which a nitride insulating layer
such as a silicon nitride layer, a silicon nitride oxide layer, an
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aluminum nitride layer, or an aluminum nitride oxide layer
and the above oxide insulating layer are stacked in this order
over the substrate 400.

[0237] For example, a sputtering gas including high-purity
nitrogen from which hydrogen and moisture are removed is
introduced between the silicon oxide layer and the substrate
and a silicon target is used to form a silicon nitride layer. In
this step also, it is preferable that the silicon nitride layer be
formed while moisture remaining in the process chamber is
removed as in the case of the silicon oxide layer. In the
formation of the silicon nitride layer, a substrate may also be
heated during deposition.

[0238] Inthe case where the stack of a silicon nitride layer
and a silicon oxide layer is provided as the insulating layer
407, the silicon nitride layer and the silicon oxide layer can be
formed in the same process chamber using the same silicon
target. First, an etching gas including nitrogen is introduced
and a silicon nitride layer is formed using a silicon target
provide in the process chamber, and then the etching gas is
switched to an etching gas including oxygen to form a silicon
oxide layer using the same silicon target. Since the silicon
nitride layer and the silicon oxide layer can be formed in
succession without exposure to air in this method, impurities
such as hydrogen or moisture can be prevented from being
adsorbed on a surface of the silicon nitride layer.

[0239] Then, an oxide semiconductor layer is formed over
the insulating layer 407 by a sputtering method.

[0240] Further, in orderthat hydrogen, hydroxyl, and mois-
ture be contained in the oxide semiconductor layer as little as
possible, it is preferable that the substrate 400 over which the
insulating layer 407 is formed be preheated in a preheating
chamber of a sputtering apparatus as pretreatment for the film
formation so that impurities such as hydrogen and moisture
adsorbed to the substrate 400 may be removed and evacuated.
Note that as an evacuation means, a cryopump is preferably
provided in the preheating chamber. Further, this preheating
may be performed on the substrate 400 before the formation
of the gate insulating layer 402, which is to be formed later.
Further, this preheating is preferably performed similarly on
the substrate 400 over which layers up to the first electrode
4154 and the second electrode 415b are formed. Note that this
preheating treatment may be omitted.

[0241] Note that before the oxide semiconductor layer is
formed by a sputtering method, dust attached to a surface of
the insulating layer 407 is preferably removed by reverse
sputtering in which an argon gas is introduced and plasma is
generated. The reverse sputtering refers to a method in which,
without application of voltage to a target side, a high-fre-
quency power source is used for application of voltage to a
substrate side in an argon atmosphere in order to generate
plasma in the vicinity of the substrate to modify a surface.
Note that instead of an argon atmosphere, nitrogen, helium,
oxygen, or the like may be used.

[0242] As a target for forming the oxide semiconductor
layer, a metal oxide target including zinc oxide as its main
component can be used. For example, a target with a compo-
sition ratio of In,05:Ga,05:Zn0=1:1:1 [mol %] that is,
In:Ga:Zn=1:1:0.5 [atomic %] can be used. Alternatively, a
target having a composition ratio of In:Ga:Zn=1:1:1 [atomic
%] or a target having a composition ratio of [n:Ga:Zn=1:1:2
[atomic %] can be used. Further, a target which includes SiO,
at 2 wt % to 10 wt % inclusive can be used. The filling factor
of the metal oxide target is 90% to 100% inclusive, and
preferably 95% to 99.9% inclusive. With the use of a metal
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oxide target with a high filling factor, the formed oxide semi-
conductor layer can have high density.

[0243] Note that the oxide semiconductor layer may be
formed in a rare gas (typically, argon) atmosphere, an oxygen
atmosphere, or a mixed atmosphere of a rare gas and oxygen.
Here, a sputtering for forming the oxide semiconductor layer
is a high-purity gas in which impurities such as hydrogen,
water, hydroxyl, or hydride are reduced to such a level that the
concentration thereof can be expressed by ppm or ppb.
[0244] The oxide semiconductor layer is formed over the
substrate 400 in such a manner that the substrate is held in a
process chamber maintained at reduced pressure, a sputtering
gas from which hydrogen and moisture are removed is intro-
duced while moisture remaining in the process chamber is
removed, and metal oxide is used as a target. In order to
remove moisture remaining in the process chamber, a cap-
ture-type vacuum pump is preferably used. For example, a
cryopump, an ion pump, or a titanium sublimation pump is
preferably used. In a process chamber which is evacuated
with a cryopump, hydrogen atoms, compounds including
hydrogen atoms such as water (H,O) (more preferably, com-
pounds including carbon atoms in addition), and the like are
exhausted. Accordingly, the concentration of impurities
included in the oxide semiconductor layer formed in the
process chamber can be reduced. Further, the substrate tem-
perature may be kept at room temperature or may be
increased to a temperature less than 400° C. during the depo-
sition of the oxide semiconductor layer.

[0245] As an example of the deposition condition of the
oxide semiconductor layer, the following condition can be
given: the temperature of the substrate is room temperature;
the distance between the substrate and the target is 110 mm;
the pressure is 0.4 Pa; the direct current (DC) power supply is
0.5kW; and the atmosphere is oxygen and argon (the flow rate
ratio of oxygen to argon is 15 sccm: 30 scem). Note that a
pulse direct current (DC) power supply is preferable because
dust generated in the deposition be reduced and the film
thickness can be made uniform. The thickness of the oxide
semiconductor layer is preferably 2 nm to 200 nm inclusive,
preferably 5 nm to 30 nm inclusive. Note that an appropriate
thickness of the oxide semiconductor layer is different
depending on the material; therefore, the thickness may be
determined as appropriate depending on the material.

[0246] Although an In—Ga—Zn—O0-based oxide that is
ternary metal oxide is used as the oxide semiconductor in the
given example, the following oxide semiconductors can also
be used: In—Sn—Ga—7n—O0 that is quaternary metal
oxide; In—Sn—7Zn—0, In—Al—7Zn—0, Sn—Ga—7n—
0, Al—Ga—7n—0, or Sn—Al—7n—O0 that is ternary
metal oxide; In—Zn—0O, Sn—Zn—0, Al—7Zn—0,
Zn—Mg—0O, Sn—Mg—O0, or In—Mg—O that is binary
metal oxide; In—O; Sn—0O; Zn—O; and the like. An oxide
semiconductor layer may include Si. The oxide semiconduc-
tor layer may be amorphous or crystalline. Further, the oxide
semiconductor layer may be non-single-crystal or single
crystal.

[0247] Note that as the oxide semiconductor layer, a thin
film expressed by InMO,(Zn0O),, (m>0) can be used. Here, M
represents one or more metal elements selected from Ga, Al,
Mn, and Co. For example, Ga, Ga and Al, Ga and Mn, or Ga
and Co can be given as M.

[0248] Then, an oxide semiconductor layer is processed
into an island-shaped oxide semiconductor layer 412 by a first
photolithography step (see FIG. 14A). Note that a resist mask
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for forming the island-shaped oxide semiconductor layer 412
may be formed using an ink jetting method. The formation of
the resist mask by an ink jetting method does not use a
photomask; thus, manufacturing cost can be reduced.

[0249] Note that the etching of the oxide semiconductor
layer may be dry etching, wet etching, or both wet etching and
dry etching.

[0250] In the case of dry etching, a parallel plate reactive
ion etching (RIE) method or an inductively coupled plasma
(ICP) etching method can be used. In order to etch the film
into a desired shape, the etching conditions (the amount of
electric power applied to a coil-shaped electrode, the amount
of electric power applied to an electrode on a substrate side,
the temperature of the electrode on the substrate side, or the
like) is adjusted as appropriate.

[0251] As an etching gas for dry etching, a gas including
chlorine (a chlorine-based gas such as chlorine (Cl,), boron
chloride (BCl,), silicon chloride (SiCl,), or carbon tetrachlo-
ride (CCl,)) is preferable but a gas including 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.

[0252] As anetchant used for wet etching, a mixed solution
of phosphoric acid, acetic acid, and nitric acid, or an ammo-
nium hydrogen peroxide mixture (a solution in which 31 wt %
hydrogen peroxide, 28 wt % ammonia water, and water are
mixed in a volume ratio of 5:2:2), or the like can be used.
Further, ITO-07N (produced by KANTO CHEMICAL CO.,
INC.) may be used. The etching conditions (e.g., an etchant,
an etching period, and a temperature) may be adjusted as
appropriate in accordance with a material of the oxide semi-
conductor.

[0253] In the case of wet etching, an etchant is removed
together with the material which is etched off by cleaning.
The waste liquid including the etchant and the material which
is etched off may be purified and the material may be reused.
When a material (e.g., a rare metal such as indium) included
in the oxide semiconductor layer is collected from the waste
liquid after the etching and reused, the resources can be
efficiently used.

[0254] In this embodiment, the oxide semiconductor layer
is processed into the island-shaped oxide semiconductor
layer 412 by a wet etching method using a mixed solution of
phosphoric acid, acetic acid, and nitric acid as an etchant.
[0255] Then, first heat treatment is performed on the oxide
semiconductor layer 412. The temperature of the first heat
treatment is 400° C. to 750° C. inclusive, preferably 400° C.
or higher and lower than the strain point of the substrate.
Here, the substrate is put in an electric furnace which is one
type of heat treatment apparatus and heat treatment is pet-
formed on the oxide semiconductor layer in a nitrogen atmo-
sphere at 450° C. for one hour. After that, the oxide semicon-
ductor layer is prevented from being exposed to air and from
again including water or hydrogen. By this first heat treat-
ment, hydrogen, water, hydroxyl, and the like can be removed
from the oxide semiconductor layer 412.

[0256] Note that the heat treatment apparatus is not limited
to an electric furnace, and an apparatus may be provided with
a device for heating an object by heat conduction or thermal
radiation from a heater such as a resistance heater. For
example, an RTA (rapid thermal anneal) apparatus such as a
GRTA (gas rapid thermal anneal) apparatus or an LRTA
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(lamp rapid thermal anneal) apparatus can be used. An LRTA
apparatus is an apparatus with which an object is heated by
radiation of light (an electromagnetic wave) emitted from a
lamp such as a halogen lamp, a metal halide lamp, a xenon arc
lamp, a carbon arc lamp, a high-pressure sodium lamp, or a
high-pressure mercury lamp. A GRTA apparatus is an appa-
ratus for heat treatment using a high-temperature gas. As the
gas, an inert gas (typically, a rare gas such as argon) or a
nitrogen gas can be used.

[0257] For example, the first heat treatment can employ
GRTA, in which the substrate is transferred into an inert gas
heated to a high temperature 0of 650° C. to 700° C., and heated
for several minutes there, and then the substrate is transferred
out of the inert gas heated to a high temperature. GRTA
enables high-temperature heat treatment for a short time.
[0258] Inthe first heat treatment, it is preferable that water,
hydrogen, and the like be not contained in the atmosphere. In
addition, nitrogen or a rare gas such as helium, neon, or argon
whichisintroduced into aheat treatment apparatus preferably
has a purity of 6N (99.9999%) or higher, more preferably 7N
(99.99999%) or higher (that is, the concentration of impuri-
ties is 1 ppm or lower, preferably 0.1 ppm or lower).

[0259] Note that depending on the conditions of the first
heat treatment or a material of the oxide semiconductor layer,
the oxide semiconductor layer 412 may be crystallized to be
microcrystal or a polycrystal. For example, the oxide semi-
conductor layer may crystallize to become a microcrystalline
oxide semiconductor layer having a crystallinity of 80% or
more. Note that the island-shaped oxide semiconductor layer
412 may be an amorphous oxide semiconductor layer without
crystallization after the first heat treatment. Further, the
island-shaped oxide semiconductorlayer 412 may become an
oxide semiconductor layer in which a microcrystalline por-
tion (with a grain diameter of 1 nm to 20 nm inclusive,
typically 2 nm to 4 nm inclusive) is mixed into an amorphous
oxide semiconductor layer.

[0260] The first heat treatment of the oxide semiconductor
layer may be performed on the oxide semiconductor layer
before being processed into the island-shaped oxide semicon-
ductor layer. In that case, after the first heat treatment, the
substrate is taken out of the heat treatment apparatus and
subjected to the photolithography step.

[0261] Although the first heat treatment is performed
mainly for the purpose of removing impurities such as hydro-
gen, water, and hydroxyl from the oxide semiconductor layer,
it may generate oxygen defects in the oxide semiconductor
layer. Therefore, the first heat treatment is preferably fol-
lowed by treatment for supplying oxygen. Specifically, heat
treatment in oxygen atmosphere or an atmosphere including
nitrogen and oxygen (nitrogen to oxygen is 4 to 1 in volume
ratio) may be performed after the first heat treatment, for
example. Further, plasma treatment in an oxygen atmosphere
may be employed.

[0262] The heat treatment having an effect of dehydration
or dehydrogenation on the oxide semiconductor layer may be
performed at any of the following timings: after the oxide
semiconductor layer is formed; after a source electrode and a
drain electrode are formed over the oxide semiconductor
layer; and after a gate insulating layer is formed over the
source electrode and the drain electrode.

[0263] Then, a conductive film is formed over the insulat-
ing layer 407 and the oxide semiconductor layer 412. The
conductive film may be formed by a sputtering method or a
vacuum evaporation method. As a material of the conductive
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film, a metal material such as Al, Cu, Cr, Ta, Ti, Mo, W, or Y,
an alloy material including any of the metal materials, a
conductive metal oxide, and the like can be given. As a con-
ductive metal oxide, indium oxide (In,Os,), tin oxide (SnO,),
zinc oxide (Zn0Q), an indium oxide-tin oxide alloy (In,O,—
Sn0,, abbreviated as ITO), an indium oxide-zinc oxide alloy
(In,0,—7Zn0), or the metal oxide material including silicon
or silicon oxide can be used. In this case, heat resistance can
be improved. Further, an Al material to which an element such
as Si, T1, Ta, W, Mo, Cr, Nd, Sc, or Y which prevents genera-
tion of hillocks or whiskers which will be generated in an Al
film, may be used.

[0264] Further, the conductive film may have a single-layer
structure or a stacked-layer structure of two or more layers.
For example, a single-layer structure of an aluminum film
including silicon; a two-layer structure of an aluminum film
and a titanium film stacked thereover; a three-layer structure
of a'Ti film, an aluminum film stacked thereover, and a T1 film
stacked thereover can be given. Further, a stacked-layer struc-
ture in which a metal layer of Al, Cu, or the like and a
refractory metal layer of Cr, Ta, Ti, Mo, W, or the like are
stacked may be employed.

[0265] Then, by a second photolithography step, a resist
mask is formed over the conductive film, and selective etch-
ing is performed, whereby the first electrode 4154 and the
second electrode 4155 are formed, and then, the resist mask is
removed (see FIG. 14B). The first electrode 4154 serves as
one of a source electrode and a drain electrode while the
second electrode 4155 serves as the other of the source elec-
trode and the drain electrode. Here, the first electrode 415a
and the second electrode 4155 are preferably etched so as to
have tapered ends because coverage with the gate insulating
layer formed thereon will be improved. Note that resist mask
for forming the first electrode 4154 and the second electrode
415 may be formed by an ink jetting method. The formation
of the resist mask by an ink jetting method does not use a
photomask; thus, manufacturing cost can be reduced.

[0266] In this embodiment, as the first electrode 4154 and
the second electrode 41556, a 150-nm-thick titanium film is
formed by a sputtering method.

[0267] Note that in order to prevent the oxide semiconduc-
tor layer 412 from being removed and the insulating layer 407
thereunder from being exposed in the etching of the conduc-
tive film, their materials and etching conditions of the con-
ductive film need to be adjusted as appropriate. Therefore, in
this embodiment, an In—Ga—Zn—0-based oxide semicon-
ductor is used as the oxide semiconductor layer 412, a tita-
nium film is used as the conductive film, and an ammonium
hydrogen peroxide mixture (a mixture of ammonia, water,
and a hydrogen peroxide solution) is used as an etchant so that
part of the oxide semiconductor layer 412 is not etched.
However, the present invention is not limited thereto. Part of
the oxide semiconductor layer 412 may be etched by the
second photolithography step and an oxide semiconductor
layer having a groove (a depression portion) can be formed.

[0268] Ultraviolet, KrF laser light, or ArF laser light is used
for light exposure for forming the resist mask in the second
photolithography step. A channel length L of the transistor to
be formed later depends on the width of an interval between
alower end of the first electrode and a lower end of the second
electrode which are adjacent to each other over the oxide
semiconductor layer 412. Note that when light exposure is
performed to provide the channel length L of less than 25 nm,
extreme ultraviolet with extremely short wavelengths of sev-
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eral nanometers to several tens of nanometers is used for light
exposure for forming the resist mask in the second photoli-
thography step. Light exposure with extreme ultraviolet leads
to a high resolution and a large depth of focus. Accordingly,
the channel length L of the transistor to be formed later can be
set to 10 nm to 1000 nm inclusive. In this case, an increase in
operation speed of the transistor can be achieved, and further,
a reduction in power consumption of the transistor can be
achieved due to extremely small off-state current.

[0269] Then, the gate insulating layer 402 is formed over
the insulating layer 407, the oxide semiconductor layer 412,
the first electrode 4154, and the second electrode 4156 (see
FIG. 14C).

[0270] The gate insulating layer 402 can be formed to have
a single-layer structure or a stacked-layer structure including
any of a silicon oxide layer, a silicon nitride layer, a silicon
oxynitride layer, a silicon nitride oxide layer, and an alumi-
num oxide layer by a plasma CVD method, a sputtering
method, or the like.

[0271] Thegateinsulating layer 402 is preferably formed in
a manner such that hydrogen is not included in the gate
insulating layer 402. Thus, the gate insulating layer 402 is
preferably formed by a sputtering method, in which hydrogen
canbe reduced to a very low level inan atmosphere during the
disposition. In the case of forming a silicon oxide film by a
sputtering method, a silicon target or a quartz target is used as
a target, and oxygen or a mixed gas of oxygen and argon is
used as a sputtering gas.

[0272] The gate insulating layer 402 can have a structure in
which a silicon oxide layer and a silicon nitride layer are
stacked in order over the first electrode 4154 and the second
electrode 415b. For example, a silicon oxide layer (SiO,
(x>0)) with a thickness of 5 nm to 300 nm inclusive may be
formed as a first gate insulating layer and a silicon nitride
layer (SiN, (y>0)) with a thickness of 50 nm to 200 nm
inclusive may be formed as a second gate insulating layer
over the first gate insulating layer to provide a gate insulating
layer with a thickness of 100 nm In this embodiment, a silicon
oxide layer having a thickness 0of 100 nm is formed by an RF
sputtering method under a pressure of 0.4 Pa, a high-fre-
quency power of 1.5 kW, and an atmosphere of oxygen and
argon (the flow rate ratio of oxygen to argon is 25 sccm: 25
scem=1:1).

[0273] Next, by a third photolithography step, a resist mask
is formed, and selective etching is performed, whereby part of
the gate insulating layer 402 partly removed; thus, openings
421a and 4215 reaching the first electrode 415a¢ and the
second electrode 4155 are formed (see FIG. 14D). Note that
the formation of the resist mask by an ink jetting method does
not use a photomask; thus, manufacturing cost can be
reduced.

[0274] Then, after a conductive film is formed over the gate
insulating layer 402 and in the openings 421a and 4215, the
gate electrode 411, the first wiring 4144 and the second wit-
ing 4144 are formed in a fourth photolithography step.
[0275] Thegateelectrode 411, the first wiring 4144, and the
second wiring 4145 can be formed to have a single-layer
structure or a stacked-layer structure using a metal material
such as molybdenum, titanium, chromium, tantalum, tung-
sten, aluminum, copper, neodymium, or scandium, or an
alloy material containing any of these materials as the main
component. Specific examples of a two-layer structure of the
gate electrode 411, the first wiring 414¢, and the second
wiring 4145 include a structure including an aluminum layer
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and a molybdenum layer thereover, a structure including a
copper layer and a molybdenum layer thereover, a structure
including a copper layer and a titanium nitride layer or a
tantalum nitride layer thereover, and a structure including a
titanium nitride layer and a molybdenum layer thereover.
Specific examples of a three-layer structure includes a struc-
ture in which a tungsten layer or a tungsten nitride layer, an
alloy layer of aluminum and silicon or aluminum and tita-
nium, and a titanium nitride layer or a titanium layer are
stacked. Note that the gate electrode can be formed using a
light-transmitting conductive film. As a light-transmitting
conductive film, a film of a light-transmitting conductive
oxide can be specifically given.

[0276] In this embodiment, as the gate electrode 411, the
first wiring 414a, and the second wiring 4145, a 150-nm-thick
titanium film is formed by a sputtering method.

[0277] Then, second heat treatment (preferably, at 200° C.
to 400° C. inclusive, for example, at 250° C. to 350° C.
inclusive) is performed in an inert gas atmosphere or in an
oxygen gas atmosphere. In this embodiment, the second heat
treatment is performed in a nitrogen atmosphere at 250° C. for
one hour. Note that the second heat treatment may be per-
formed after a protective insulating layer or a planarization
insulating layer is formed over the transistor 410.

[0278] Heat treatment may be further performed at 100° C.
to 200° C. inclusive in air for 1 hour to 30 hours inclusive.
This heat treatment may be performed at a fixed heating
temperature or the temperature may be increased from room
temperature to a heating temperature of 100° C. to 200° C.
inclusive and decreased from the heating temperature to room
temperature, plural times repeatedly. Further, this heat treat-
ment may be performed under reduced pressure before the
formation of the oxide insulating layer. Under reduced pres-
sure, the heating time can be shortened, which is preferable.
[0279] Through the above process, the transistor 410
including the high-purity oxide semiconductor layer 412 in
which the concentration of hydrogen, moisture, hydride, and
hydroxide is reduced can be formed (see FIG. 14E). The
transistor 410 can be used as the transistor 6401 described in
Embodiment 1, for example.

[0280] A protective insulating layer or a planarization insu-
lating layer for planarization may be provided over the tran-
sistor 410. The protective insulating layer can be formed to
have a single-layer structure or a stacked-layer structure
including any of a silicon oxide layer, a silicon nitride layer,
asilicon oxynitride layer, a silicon nitride oxide layer, and an
aluminum oxide layer. The planarization insulating layer can
be formed of a heat-resistant organic material, such as poly-
imide, acrylic, benzocyclobutene, polyamide, or epoxy. As an
alternative to such organic materials, it is also possible to use
a low-dielectric constant material (a low-k material), a silox-
ane-based resin, phosphosilicate glass (PSG), borophospho-
silicate glass (BPSG), or the like. The planarization insulating
layer may be formed by stacking a plurality of insulating films
formed of any of these materials.

[0281] Here, the siloxane-based resin corresponds to a
resin including a Si—O0—-Si bond which is formed using a
siloxane-based material as a starting material. The siloxane-
based resin may include an organic group (e.g., an alkyl group
or an aryl group) or a fluoro group as a substituent. The
organic group may include a fluoro group.

[0282] The method for forming the planarization insulating
layer is not particularly limited. Depending on the material,
the planarization insulating layer can be formed by a method
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such as sputtering method, an SOG method, a spin coating
method, a dipping method, a spray coating method, or a
droplet discharge method (e.g., an ink jetting method, screen
printing, or offset printing), or by using a tool (apparatus)
such as a doctor knife, a roll coater, a curtain coater, a knife
coatet, or the like.

[0283] As described above, by removing moisture remain-
ing in the reaction atmosphere in the formation of the oxide
semiconductor layer, the concentration of hydrogen and
hydride in the oxide semiconductor layer can be reduced.
[0284] The transistor including an oxide semiconductor
layer which is described in this embodiment has extremely
high drain breakdown voltage. Consequently, even if a driv-
ing voltage is high as in the case of a display device including
aliquid crystal material which exhibits a blue phase, a highly-
reliable display device can be provided by using the transistor
including an oxide semiconductor layer which is described in
thisembodiment in apixel for forming a display portion of the
display device. In addition, off-state current of the transistor
including a high-purity oxide semiconductor can be reduced
to 1x107'% A or less, preferably 1x107'9 A or less. Thus,
voltage can be held in a storage capacitor for a long period of
time and thus power consumption for displaying a still image
or the like can be suppressed.

Embodiment 8

[0285] Inthisembodiment, a structural example ofthe tran-
sistor 6401 described in Embodiment 1 and an example of a
manufacturing method thereof will be described. In other
words, a structural example of a transistor including a high-
purity oxide semiconductor and an example of a manufactur-
ing method thereof will be described with reference to FIGS.
15A to 15E.

[0286] FIGS. 15A to 15E illustrate an example of a cross-
sectional structure of a transistor. A transistor 390 illustrated
in FIG. 15E is one type of a bottom gate structure and is also
referred to as an inverted staggered transistor. The transistor
390 can be used as the transistor 6401 described in Embodi-
ment 1, for example. Note that although the transistor 390 has
a single-gate structure, the present invention is not limited to
the structure. The transistor may have a multi-gate structure
which includes a plurality of gate electrodes and a plurality of
channel formation regions.

[0287] A process of manufacturing the transistor 390 overa
substrate 394 will be described below with reference to FIGS.
15A to 15E.

[0288] First, a conductive film is formed over the substrate
394, and then, a gate electrode 391 is formed by a first pho-
tolithography step. It is preferable that an end portion of the
formed gate electrode be tapered because coverage with a
gate insulating layer formed thereover is improved. Note that
a resist mask may be formed by an ink jetting method. The
formation of the resist mask by an ink jetting method does not
use a photomask; thus, manufacturing cost can be reduced.
[0289] For the material of the substrate 394, a material
similar to that of the substrate 400 described in Embodiment
7 can be employed. For the material and the formation method
of the gate electrode 391, a material and a method similar to
those of the gate electrode 411 described in Embodiment 7
can be employed.

[0290] Note that an insulating film serving as a base film
may be provided between the substrate 394 and the gate
electrode 391. The base film has a function of preventing
diffusion of impurity elements from the substrate 394, and
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can be formed to have a single-layer structure or a stacked-
layer structure including one or more of a silicon nitride film,
a silicon oxide film, a silicon nitride oxide film, and a silicon
oxynitride film.

[0291] Then, a gate insulating layer 397 is formed over the
gate electrode 391.

[0292] The gate insulating layer 397 can be formed to have
a single-layer structure or a stacked-layer structure including
any of a silicon oxide layer, a silicon nitride layer, a silicon
oxynitride layer, a silicon nitride oxide layer, and an alumi-
num oxide layer by a plasma CVD method, a sputtering
method, or the like. Note that in order to prevent the gate
insulating layer 397 from containing a large amount of hydro-
gen, the gate insulating layer 397 is preferably formed by a
sputtering method. In the case of forming a silicon oxide film
by a sputtering method, a silicon target or a quartz target is
used as a target, and oxygen or a mixed gas of oxygen and
argon is used as a sputtering gas.

[0293] The gate insulating layer 397 can have a structure in
which a silicon nitride layer and a silicon oxide layer are
stacked over the gate electrode 391. For example, a silicon
nitride layer (SiN,, (y>0)) witha thickness of 50 nm to 200 nm
inclusive may be formed by a sputtering method as a first gate
insulating layer and a silicon oxide layer (Si0, (x>0)) with a
thickness of 5 nm to 300 nm inclusive may be formed as a
second gate insulating layer over the first gate insulating layer
to provide a gate insulating layer with a thickness of 100 nm.
[0294] Then, an oxide semiconductor layer 393 is formed
with a thickness of 2 nm to 200 nm inclusive over the gate
insulating layer 397 (see FIG. 15A).

[0295] For the material and the formation method of the
oxide semiconductor layer 393, a material and a method
similar to those of the oxide semiconductor layer (the island-
shaped oxide semiconductor layer 412) described in Embodi-
ment 7 can be employed.

[0296] As an example of the deposition condition in the
case where the oxide semiconductor layer 393 is formed by a
sputtering method, the following condition can be given: the
distance between the substrate and the target is 100 mm, the
pressure is 0.6 Pa, the direct current (DC) power supply is 0.5
kW, and the atmosphere is oxygen (the proportion of the
oxygen flow is 100%). Note that a pulse direct current (DC)
power supply is preferable because dust generated in the
deposition can be reduced and the film thickness can be made
uniform. The thickness of the oxide semiconductor layer 393
is preferably 2 nm to 200 nm inclusive, preferably 5 nm to 30
nm inclusive. Note that an appropriate thickness of the oxide
semiconductor layer is different depending on the material;
therefore, the thickness may be determined as appropriate
depending on the material.

[0297] Note that before the oxide semiconductor layer 393
is formed, dust attached to a surface of the gate insulating
layer 397 is preferably removed by reverse sputtering in
which an argon gas is introduced and plasma is generated.
[0298] Further, in order that hydrogen, hydroxyl, and mois-
ture may be contained in the gate insulating layer 397 and the
oxide semiconductor layer 393 as little as possible, it is pref-
erable that the substrate 394 over which the gate electrode 391
is formed or the substrate 394 over which layers up to the gate
insulating layer 397 are formed be preheated in a preheating
chamber of a sputtering apparatus as pretreatment for the film
formation so that impurities such as hydrogen and moisture
adsorbed to the substrate 394 are removed and evacuated. The
temperature of the preheating may be 100° C. to 400° C.
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inclusive, preferably 150° C. to 300° C. inclusive. As an
evacuation means, a cryopump is preferably provided in the
preheating chamber. Further, this preheating may be similarly
performed on the substrate 394 over which layers up to and
including a first electrode 395a and a second electrode 3955
are formed, before the formation of a protective insulating
layer 396.

[0299] Then, an oxide semiconductor layer is processed
into an island-shaped oxide semiconductor layer 399 by a
second photolithography step (see FIG. 15B). Note that for
the process method of the island-shaped oxide semiconductor
layer 399, a process method of similar to that of the island-
shaped oxide semiconductor layer 412 described in Embodi-
ment 7 can be employed.

[0300] Note that it is preferable that reverse sputtering be
performed before formation of a conductive film in the sub-
sequent step in order to remove a resist residue or the like
attached on the surfaces of the oxide semiconductor layer 399
and the gate insulating layer 397.

[0301] Then, a conductive film is formed over the gate
insulating layer 397 and the oxide semiconductor layer 399.
The conductive film may be formed by a sputtering method or
a vacuum evaporation method. As a material of the conduc-
tive film, an element selected from Al, Cr, Cu, Ta, Ti, Mo, and
W, analloy containing any of these elements as a component;
an alloy containing a plurality of these elements in combina-
tion; and the like can be used. Further, one or more materials
selected from manganese, magnesium, zirconium, beryllium,
and yttrium may be used. Further, a light-transmitting con-
ductive film may be included. As a light-transmitting conduc-
tive film, a film of a light-transmitting conductive oxide can
be specifically given.

[0302] Further, the conductive film may have a single-layer
structure or a stacked-layer structure of two or more layers.
For example, a single-layer structure of an aluminum film
including silicon; a two-layer structure of an aluminum film
and a titanium film stacked thereover; a three-layer structure
of a Tifilm, an aluminum film stacked thereover, and a Ti film
stacked thereover can be given.

[0303] Then, by a third photolithography step, a resist mask
is formed over the conductive film, and selective etching is
performed, whereby the first electrode 395a and the second
electrode 3956 are formed, and then, the resist mask is
removed (see FIG. 15C). Here, in order to prevent the oxide
semiconductor layer 399 from being removed and the gate
insulating layer 397 thereunder from being exposed in the
etching of the conductive film, their materials and etching
conditions of the conductive film need to be adjusted as
appropriate. Therefore, in this embodiment, an In—Ga—
Zn—O0-based oxide semiconductor is used as the oxide semi-
conductor layer 399, a titanium film is used as the conductive
film, and an ammonium hydrogen peroxide mixture (a mix-
ture of ammonia, water, and a hydrogen peroxide solution) is
used as an etchant so that part of the oxide semiconductor
layer 399 is not etched. However, the present invention is not
limited thereto. Part of the oxide semiconductor layer 399
may be etched by the third photolithography step and an oxide
semiconductor layer having a groove (a depression portion)
can be formed.

[0304] Ultraviolet, KrF laser light, or ArF laser light is used
for light exposure for forming the resist mask in the third
photolithography step. A channel length L of the transistor to
be formed later depends on the width of an interval between
a lower end of the source electrode and a lower end of the
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drain electrode which are adjacent to each other over the
oxide semiconductor layer 399. Note that when light expo-
sure is performed to provide the channel length L of less than
25 nm, extreme ultraviolet with extremely short wavelengths
of several nanometers to several tens of nanometers is used
for light exposure for forming the resist mask in the third
photolithography step. Light exposure with extreme ultravio-
let leads to a high resolution and a large depth of focus.

[0305] Accordingly, the channel length L of the transistor
to be formed later can be set to 10 nm to 1000 nm inclusive,
which will lead to an increase in operation speed of the circuit,
and further, a reduction in power consumption of the transis-
tor due to extremely small off-state current.

[0306] Further, in order to reduce the number of photo-
masks used in the photolithography steps and reduce the
number of photolithography steps, an etching step may be
performed with the use of a multi-tone mask which is a
light-exposure mask through which light is transmitted to
have a plurality of intensities. A resist mask formed using a
multi-tone mask has a plurality of thicknesses and further can
be changed in shape by being etched, and therefore, can be
used in a plurality of etching steps to provide different pat-
terns. Therefore, a resist mask corresponding to at least two
kinds of different patterns can be formed using one multi-tone
mask. Thus, the number of light-exposure masks can be
reduced and the number of corresponding photolithography
steps can also be reduced, whereby simplification of the pro-
cess can be realized.

[0307] In addition, plasma treatment using a gas such as
N,O, N, or Ar may be performed to remove water or the like
adsorbed on an exposed surface of the oxide semiconductor
layer 399. Plasma treatment may be performed using a mixed
gas of oxygen and argon. In this embodiment, either plasma
treatment is performed.

[0308] Then, after the plasma treatment, a protective insu-
lating layer 396 which is in contact with the exposed oxide
semiconductor layer 399, the first electrode 3954, and the
second electrode 39554 is formed without exposure to air (see
FIG. 15D). At this time, it is preferable that the protective
insulating layer 396 be formed while moisture remaining in
the process chamber is removed so that the oxide semicon-
ductorlayer 399 and the protective insulating layer 396 can be
prevented from including hydrogen, hydroxyl, or moisture. In
order to remove moisture remaining in the process chamber,
acapture-type vacuum pump is preferably used. For example,
a cryopump, an ion pump, or a titanium sublimation pump is
preferably used. In a chamber which is evacuated with a
cryopump, hydrogen atoms, compounds including hydrogen
atoms such as water (H,O), and the like are exhausted.
Accordingly, the concentration of impurities included in the
protective insulating layer 396 formed in the process chamber
can be reduced.

[0309] In this embodiment, an oxide insulating layer is
formed as the protective insulating layer 396. For the forma-
tion of the protective insulating layer 396, the substrate 394
over which layers up to the island-shaped oxide semiconduc-
tor layer 399, the first electrode 3954, and the second elec-
trode 3956 are formed is kept at room temperature or heated
to a temperature lower than 100° C., a sputtering gas includ-
ing high-purity oxygen from which hydrogen and moisture
are removed is introduced, and a silicon semiconductor target
is used, whereby a silicon oxide layer is formed. Note that
instead of a silicon oxide layer, a silicon oxynitride layer, an
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aluminum oxide layer, an aluminum oxynitride layer, or the
like can be used as the oxide insulating layer.

[0310] For example, a silicon oxide layer is formed by a
pulsed DC sputtering method under the following condition:
a boron-doped silicon target which has a purity of 6N (the
resistivity is 0.01 Qcm) is used; the distance between the
substrate and the target (T-S distance) is 89 mm,; the pressure
is 0.4 Pa, the direct-current (DC) power supply is 6 kW, and
the atmosphere is oxygen (the proportion of the oxygen flow
is 100%). The thickness of the silicon oxide layer is 300 nm.
Note that instead of a silicon target, quartz (preferably, syn-
thetic quartz) can be used. As a sputtering gas, an oxygen gas
or a mixed gas of oxygen and argon may be used.

[0311] Further, heat treatment is preferably performed at
100° C. to 400° C. inclusive while the protective insulating
layer 396 and the oxide semiconductor layer 399 are in con-
tact with each other. Since the protective insulating layer 396
has many defects, by the heat treatment, impurities such as
hydrogen, moisture, hydroxyl, or hydride contained in the
oxide semiconductor layer 399 is diffused into the protective
insulating layer 396 so that the impurities contained in the
oxide semiconductor layer 399 may be further reduced.
[0312] Through the above process, the transistor 390
including an oxide semiconductor layer 392 in which the
concentration of hydrogen, moisture, hydroxyl, and hydrox-
ide is reduced can be formed (see FIG. 15E). As described in
this embodiment, by removing moisture remaining in the
reaction atmosphere in the formation of the oxide semicon-
ductor layer, the concentration of hydrogen and hydride in the
oxide semiconductor layer can be reduced. As a result, an
intrinsic or substantially intrinsic semiconductor can be
obtained.

[0313] Note that an insulating layer may be additionally
provided over the protective insulating layer 396. In this
embodiment, a protective insulating layer 398 is formed over
the protective insulating layer 396. As the insulating layer
398, a silicon nitride film, a silicon nitride oxide film, an
aluminum nitride film, an aluminum nitride oxide film, or the
like may be used.

[0314] For the formation of the insulating layer 398, the
substrate 394 over which layers up to the protective insulating
layer 396 are formed is heated to a temperature of 100° C. to
400° C., a sputtering gas including high-purity nitrogen from
which hydrogen and moisture are removed is introduced, and
a silicon semiconductor target is used, whereby a silicon
nitride film is formed. In this step also, it is preferable that the
insulating layer 398 be formed while moisture remaining in
the process chamber is removed as in the case of the protec-
tive insulating layer 396. By heating the substrate 394 to 100°
C. to 400° C. in the deposition of the insulating layer 398,
hydrogen or moisture in the oxide semiconductor layer 399
can be diffused into the insulating layer 398. In that case, heat
treatment is not necessarily performed directly after the for-
mation of the protective insulating layer 396.

[0315] Inthe case where a silicon oxide layer is formed as
the protective insulating layer 396 and a silicon nitride layer
is formed as the insulating layer 398, the silicon oxide layer
and the silicon nitride layer can be formed in the same process
chamber using the same silicon target. First, an etching gas
including oxygen is introduced and a silicon oxide layer is
formed using a silicon target provide in the process chamber,
and then the etching gas is switched to an etching gas includ-
ing nitrogen and a silicon nitride layer is formed using the
same silicon target. Since the silicon oxide layer and the
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silicon nitride layer can be formed in succession without
exposure to air, impurities such as hydrogen or moisture can
be prevented from being adsorbed on a surface of the silicon
oxide layer. Note that after the silicon oxide layer is formed as
the protective insulating layer 396 and the silicon nitride layer
is formed thereover as the insulating layer 398, heat treatment
(at a temperature of 100° C. to 400° C.) for diffusion of
hydrogen or moisture in the oxide semiconductor layer into
the oxide insulating layer is preferably performed.

[0316] Afterthe formation of the protective insulating layer
396, heat treatment may be further performed at 100° C. to
200° C. inclusive in air for 1 hour to 30 hours inclusive. This
heat treatment may be performed at a fixed heating tempera-
ture or the temperature may be increased from room tempera-
ture to a heating temperature of 100° C. to 200° C. inclusive
and decreased from the heating temperature to room tempetra-
ture, plural times repeatedly. Further, this heat treatment may
be performed under reduced pressure before the formation of
the oxide insulating layer. Under reduced pressure, the heat-
ing time can be shortened.

[0317] Since the above process can be performed at a tem-
perature of 400° C. or lower, the process can be preferably
applied to a manufacturing process using a glass substrate
having a side longer than 1 m and a thickness of 1 mm or less.
In addition, since the whole process can be performed at a
treatment temperature of 400° C. orlower, a display panel can
be manufactured with less energy consumption.

[0318] The transistor including an oxide semiconductor
layer which is described in this embodiment has extremely
high drain breakdown voltage. Consequently, even if a driv-
ing voltage is high as in the case of a display device including
aliquid crystal material which exhibits a blue phase, a highly-
reliable display device can be provided by using the transistor
including an oxide semiconductor layer which is described in
this embodiment in a pixel for forming a display portion of the
display device. In addition, off-state current of the transistor
including a high-purity oxide semiconductor can be reduced
to 1x107"> A or less, preferably 1x107'¢ A or less. Thus,
voltage can be held in a storage capacitor for a long period of
time and thus power consumption for displaying a still image
or the like can be suppressed.

Embodiment 9

[0319] Inthisembodiment, a structural example of the tran-
sistor 6401 described in Embodiment 1 and an example of a
manufacturing method thereof will be described. In other
words, a structural example of a transistor including a high-
purity oxide semiconductor and an example of a manufactur-
ing method thereof will be described with reference to FIGS.
16A to 16D.

[0320] FIGS. 16A to 16D illustrate an example of a cross-
sectional structure of a transistor. A transistor 360 illustrated
in FIG. 16A to 16D is one type of a bottom gate structure
called a channel-protective type (channel-stop type) and is
also referred to as an inverted staggered transistor. The tran-
sistor 360 can be used as the transistor 6401 described in
Embodiment 1. Note that although the transistor 360 has a
single-gate structure, the present invention is not limited to
the structure. The transistor may have a multi-gate structure
which includes a plurality of gate electrodes and a plurality of
channel formation regions.

[0321] A process of manufacturing the transistor 360 over a
substrate 320 will be described below with reference to FIGS.
16A to 16D.
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[0322] First, a conductive film is formed over the substrate
320, and then, a gate electrode 361 is formed by a first pho-
tolithography step. For the material of the substrate 320, a
material similar to that of the substrate 394 described in
Embodiment 8 can be employed. For the material and the
formation method of the gate electrode 361, a material and a
method similar to those of the gate electrode 391 described in
Embodiment 8 can be employed.

[0323] Then, a gate insulating layer 322 is formed over the
gate electrode 361. For the material of the gate insulating
layer 322, a material similar to that of the gate insulating layer
397 described in Embodiment 8 can be employed. In this
embodiment, a silicon oxynitride layer having a thickness of
100 nm or less is formed by a plasma CVD method as the gate
insulating layer 322.

[0324] Then, an oxide semiconductor layer having a thick-
ness of 2 nm to 200 nm inclusive is formed over the gate
insulating layer 322 and processed into an island-shaped
oxide semiconductor layer by a second photolithography
step. For the material and the formation method of the island-
shaped oxide semiconductor layer, a material and a method
similar to those of the island-shaped oxide semiconductor
layer 399 described in Embodiment 8 can be employed. In
this embodiment, the oxide semiconductor layer is formed by
a sputtering method using an In—Ga—7Zn—0O-based oxide
semiconductor target.

[0325] Then, dehydration or dehydrogenation of the oxide
semiconductor layer is performed. The temperature of the
first heat treatment for dehydration or dehydrogenation is
400° C. 10 750° C. inclusive, preferably 400° C. or higher and
lower than the strain point of the substrate. Here, the substrate
is putinan electric furnace whichis one type of heat treatment
apparatus and heat treatment is performed on the oxide semi-
conductor layer in a nitrogen atmosphere at 450° C. for one
hour. After that, the oxide semiconductor layer is prevented
from being exposed to air and from again including water or
hydrogen,; thus an oxide semiconductor layer 332 is obtained
(see FIG. 16A).

[0326] Then, plasma treatmentusing agas such as N,O, N,,
or Ar is performed. By this plasma treatment, adsorbed water
or the like of an exposed surface of the oxide semiconductor
layer is removed. Plasma treatment may be performed using
a mixed gas of oxygen and argon.

[0327] Then, an oxide insulating layer is formed over the
gate insulating layer 322 and the oxide semiconductor layer
332. Then, by a third photolithography step, a resist mask is
formed, and selective etching is performed, whereby an oxide
insulating layer 366 is formed, and then, the resist mask is
removed.

[0328] In this embodiment, a 200-nm-thick silicon oxide
film is formed as the oxide insulating layer 366 by a sputtering
method. The substrate temperature in film formation may be
room temperature to 300° C. inclusive, and in this embodi-
ment, the substrate temperature is 100° C. The silicon oxide
film can be formed by a sputtering method in a rare gas
(typically, argon) atmosphere, an oxygen atmosphere, or an
atmosphere including a rare gas (typically, argon) and oxy-
gen. As atarget, asilicon oxide target or a silicon target can be
used. For example, with use ofa silicon target, a silicon oxide
film can be formed by a sputtering method in an atmosphere
of oxygen and nitrogen. The oxide insulating layer 366 which
is formed in contact with the oxide semiconductor layer with
reduced resistance is formed using an inorganic insulating
film which does not include impurities such as moisture, a
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hydrogen ion, an oxygen ion, and OH™ and which prevents
entry of them from the outside; for example, a silicon oxide
film, a silicon oxynitride film, an aluminum oxide film, an
aluminum oxynitride film, or the like can be typically used.
[0329] At this time, it is preferable that the oxide insulating
layer 366 be formed while moisture remaining in the process
chamber is removed so that the oxide semiconductor layer
332 and the oxide insulating layer 366 can be prevented from
including hydrogen, hydroxyl, or moisture. As for a method
for removing moisture remaining in the process chamber, the
method described in other embodiments can be employed.
[0330] Then, second heat treatment (preferably, at 200° C.
to 400° C. inclusive, for example, at 250° C. to 350° C.
inclusive) is preferably performed in an inert gas atmosphere
orin an oxygen gas atmosphere. For example, the second heat
treatment is performed in a nitrogen atmosphere at 250° C. for
one hour. In the second heat treatment, a portion of the oxide
semiconductor layer (a channel formation region) is heated
while being in contact with the oxide insulating layer 366.
[0331] In this embodiment, the oxide semiconductor layer
332 on which the oxide insulating layer 366 is provided and
which is partly exposed is further subjected to heat treatment
in a nitrogen atmosphere or an inert gas atmosphere or under
reduced pressure. By the heat treatment in a nitrogen atmo-
sphere or an inert gas atmosphere or under reduced pressure,
the region of the oxide semiconductor layer 332 which is not
covered with the oxide insulating layer 366 is reduced in
resistance. For example, the heat treatment may be performed
in a nitrogen atmosphere at 250° C. for one hour.

[0332] By the heat treatment on the oxide semiconductor
layer 332 over which the oxide insulating layer 366 is formed
in a nitrogen atmosphere, the resistance of the exposed region
of the oxide semiconductor layer 332 is reduced,; thus, an
oxide semiconductor layer 362 including regions with differ-
ent resistances (indicated as a shaded region and a white
region in FIG. 16B) is formed.

[0333] Then, a conductive film is formed over the gate
insulating layer 322, the oxide semiconductor layer 362, and
the oxide insulating layer 366. After that, by a fourth photo-
lithography step, a resist mask is formed, and selective etch-
ing is performed to form a first electrode 365a and a second
electrode 3655. Then, the resist mask is removed (see FIG.
16C).

[0334] As a material of the first electrode 3654 and the
second electrode 3655, an element selected from Al, Cr, Cu,
Ta, Ti, Mo, and W, an alloy containing any of these elements
as a component, an alloy film containing any of these the
elements in combination, or the like can be given. Further, the
metal conductive film may have a single-layer structure or a
stacked-layer structure of two or more layers.

[0335] Through the above steps, heat treatment for dehy-
dration or dehydrogenation is performed on the oxide semi-
conductor layers after deposition to reduce the resistance, and
then, part of the oxide semiconductor layers is selectively
brought into an oxygen-excess state. As a result, a channel
formation region 363 which overlaps with the gate electrode
361 becomes an i-type region. In addition, a high-resistance
source region 364a which overlaps with the first electrode
3654, and a high-resistance drain region 3645 which overlaps
with the second electrode 3655 are formed in a self-aligned
manner. Through the above steps, the transistor 360 is
formed.

[0336] Heat treatment may be further performed at 100° C.
to 200° C. inclusive in air for 1 hour to 30 hours inclusive. In
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this embodiment, the heat treatment is performed at 150° C.
for 10 hours. This heat treatment may be performed at a fixed
heating temperature or the temperature may be increased
from room temperature to a heating temperature of 100° C. to
200° C. inclusive and decreased from the heating temperature
to room temperature, plural times repeatedly. Further, this
heat treatment may be performed under reduced pressure
before the formation of the oxide insulating film. Under
reduced pressure, the heating time can be shortened.

[0337] By forming the high-resistance drain region 3645
(or the high-resistance source region 364a) in part of the
oxide semiconductor layer which overlaps with the second
electrode 365 (or the first electrode 365a), the reliability of
the transistor can be improved. Specifically, by forming the
high-resistance drain region 3645, the conductivity can vary
stepwise from the drain electrode to the high-resistance drain
region 364b and the channel formation region 363. Therefore,
in the case where the transistor operates with the second
electrode 365b connected to a wiring for supplying a high
power supply potential VDD, the high-resistance drain region
serves as a buffer and a high electric field is not applied locally
even if a high electric field is applied between the gate elec-
trode 361 and the second electrode 3655, thus, the breakdown
voltage of the transistor can be improved.

[0338] Then, a protective insulating layer 323 is formed
over the first electrode 3654, the second electrode 3655, and
the oxide insulating layer 366. In this embodiment, the pro-
tective insulating layer 323 is formed using a silicon nitride
film (see FIG. 16D).

[0339] The transistor including an oxide semiconductor
layer which is described in this embodiment has extremely
high drain breakdown voltage. Consequently, even if a driv-
ing voltage is high as in the case of a display device including
aliquid crystal material which exhibits a blue phase, a highly-
reliable display device can be provided by using the transistor
including an oxide semiconductor layer which is described in
this embodiment in a pixel for forming a display portion of the
display device. In addition, off-state current of the transistor
including a high-purity oxide semiconductor can be reduced
to 1x107'% A or less, preferably 1x107'S A or less. Thus,
voltage can be held in a storage capacitor for a long period of
time and thus power consumption for displaying a still image
or the like can be suppressed.

Embodiment 10

[0340] Inthis embodiment, another example of a transistor
which can be applied to the display device disclosed in this
specification will be described. A transistor 350 in this
embodiment can be used as, for example, the transistor 6401
in each pixel of the pixel portion described in Embodiment 1.
[0341] Although the transistor 350 in FIG. 17D has a
single-gate structure, the present invention is not limited to
the structure. The transistor may have a multi-gate structure
which includes a plurality of gate electrodes and a plurality of
channel formation regions.

[0342] A process of manufacturing the transistor 350 over a
substrate 340 will be described below with reference to FIGS.
17A to 17D.

[0343] First, a conductive film is formed over the substrate
340, and then, a gate electrode 351 is formed by a first pho-
tolithography step. In this embodiment, a 150-nm-thick tung-
sten film is formed as the gate electrode 351 by a sputtering
method.

Jun. 9, 2011

[0344] Then, a gate insulating layer 342 is formed over the
gate electrode 351. In this embodiment, a silicon oxynitride
film having a thickness of 100 nm or less is formed by a
plasma CVD method as the gate insulating layer 342.
[0345] Then, a conductive film is formed over the gate
insulating layer 342. By a second photolithography step, a
resist mask is formed over the conductive film, and selective
etching is performed, whereby a source electrode 3554 and a
drain electrode 3555 are formed, and then, the resist mask is
removed (see FIG. 17A).

[0346] Then, an oxide semiconductor layer 345 is formed
(see FIG. 17B). In this embodiment, the oxide semiconductor
layer 345 is formed by a sputtering method using an
In—Ga—7n—0-based semiconductor oxide target. Then,
the oxide semiconductor layer 345 is processed into an
island-shaped oxide semiconductor layer by a third photoli-
thography step.

[0347] Inthe step of forming the oxide semiconductor layer
345, it is preferable that the oxide semiconductor layer 345 be
formed while moisture remaining in the process chamber is
removed so that the oxide semiconductor layer 345 can be
prevented from including hydrogen, hydroxyl, or moisture.
As for a method for removing moisture remaining in the
process chamber, the method described in other embodiments
can be employed.

[0348] Then, first treatment is performed on the oxide semi-
conductor layer for dehydration or dehydrogenation. The
temperature of the first heat treatment is 400° C. to 750° C.
inclusive, preferably 400° C. or higher and lower than the
strain point of the substrate. Here, the substrate is put in an
electric furnace which is one type of heat treatment apparatus
and heat treatment is performed on the oxide semiconductor
layer in a nitrogen atmosphere at 450° C. for one hour. After
that, the oxide semiconductor layer is prevented from being
exposed to air and from again including water or hydrogen;
thus an oxide semiconductor layer 346 is obtained (see FIG.
17C).

[0349] The first heat treatment can employ GRTA, in which
the substrate is transferred into an inert gas heated to a high
temperature of 650° C. to 700° C., and heated for several
minutes there, and then the substrate is transferred out of the
inert gas heated to a high temperature.

[0350] Then, a protective insulating layer 356 is formed in
contact with the oxide semiconductor layer 346. The protec-
tive insulating layer 356 can be formed with a thickness of 1
nm or more by a method by which impurities such as water or
hydrogen is not mixed into the protective insulating layer 356
(e.g., a sputtering method) as appropriate. When hydrogen is
included inthe protective insulating layer 356, entry of hydro-
gen to the oxide semiconductor layer or extraction of oxygen
in the oxide semiconductor layer by the hydrogen is caused,
and thus a backchannel of the oxide semiconductor layer
comes to have low resistance (to have n-type), whereby a
parasitic channel might be formed. Therefore, it is important
to form the protective insulating layer 356 by a method by
which hydrogen included in the protective insulating layer
356 is reduced as much as possible.

[0351] Note that for the material and the formation method
ofthe protective insulating layer 356, a material and a method
similar to those of the oxide insulating layer 396 described in
Embodiment 8 can be employed.

[0352] Then, second heat treatment (preferably, at 200° C.
to 400° C. inclusive, for example, at 250° C. to 350° C.
inclusive) is performed in an inert gas atmosphere or in an
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oxygen gas atmosphere. For example, the second heat treat-
ment is performed in a nitrogen atmosphere at 250° C. for one
hour. In the second heat treatment, the oxide semiconductor
layer is heated while part thereof (the channel formation
region) is in contact with the protective insulating layer 356.

[0353] Through the above steps, heat treatment for dehy-
dration or dehydrogenation is performed on the oxide semi-
conductor layers after deposition to reduce the resistance, and
then, the oxide semiconductor layers is brought into an oxy-
gen-excess state. As a result, an i-type oxide semiconductor
layer 352 is formed. Through the above steps, the transistor
350 is formed.

[0354] Heat treatment may be further performed at 100° C.
to 200° C. inclusive in air for 1 hour to 30 hours inclusive. In
this embodiment, the heat treatment is performed at 150° C.
for 10 hours. This heat treatment may be performed at a fixed
heating temperature or the temperature may be increased
from room temperature to a heating temperature of 100° C. to
200° C. inclusive and decreased from the heating temperature
to room temperature, plural times repeatedly. Further, this
heat treatment may be performed under reduced pressure
before the formation of the oxide insulating film. Under
reduced pressure, the heating time can be shortened. With
such heat treatment, hydrogen is introduced from the oxide
semiconductor layer to the oxide insulating layer; thus, a
normally-off transistor can be obtained. Thus, the reliability
of a display device can be increased.

[0355] Note that an insulating layer may be additionally
provided over the protective insulating layer 356. In this
embodiment, an insulating layer 343 is formed over the pro-
tective insulating layer 356 (see FIG. 17D). For the material
and the formation method of the insulating layer 343, a mate-
rial and a method similar to those of the protective insulating
layer 398 described in Embodiment 8 can be employed.

[0356] Further, a planarization insulating layer may be pro-
vided for the purpose of planarizing a surface over the insu-
lating layer 343.

[0357] The transistor including an oxide semiconductor
layer which is described in this embodiment has extremely
high drain breakdown voltage. Consequently, even if a driv-
ing voltage is high as in the case of a display device including
aliquid crystal material which exhibits a blue phase, a highly-
reliable display device can be provided by using the transistor
including an oxide semiconductor layer which is described in
this embodiment in a pixel for forming a display portion of the
display device. In addition, off-state current of the transistor
including a high-purity oxide semiconductor can be reduced
to 1x107'% A or less, preferably 1x107'9 A or less. Thus,
voltage can be held in a storage capacitor for a long period of
time and thus power consumption for displaying a still image
or the like can be suppressed.

Embodiment 11

[0358] Inthis embodiment, examples of external views and
cross-sectional structure of a liquid crystal display panel in a
display device will be described with reference to FIGS.
18A1 to 18B. Note that a display device in this specification
refers to an image display device or a display device. The
display device includes a module to which a flexible printed
circuit (FPC), a tape automated bonding (TAB) tape, or a tape
carrier package (TCP) is attached; a module having a TAB
tape or a TCP at the end of which is provided with a printed
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wiring board; and a module having an integrated circuit (IC)
which is directly mounted on a display element by a chip on
glass (COG) method.

[0359] FIGS. 18A1 and 18A2 are plan views of panels in
which transistors 4010 and 4011 and a liquid crystal element
4013 are sealed between a first substrate 4001 and a second
substrate 4006 with a sealant 4005. FIG. 18B is a cross-
sectional view taken along line M-N in FIGS. 18A1 and
18A2.

[0360] The sealant 4005 is provided so as to surround a
pixel portion 4002 and a scan line driver circuit 4004 which
are provided over the first substrate 4001. The second sub-
strate 4006 is provided over the pixel portion 4002 and the
scan line driver circuit 4004. The pixel portion 4002 and the
scan line driver circuit 4004 are thus sealed together with a
liquid crystal layer 4008, by the first substrate 4001, the
sealant 4005, and the second substrate 4006. Note that the
liquid crystal layer 4008 in this embodiment includes a liquid
crystal material which exhibits a blue phase.

[0361] InFIG.18Al, a signal line driver circuit 4003 that is
formed using a single crystal semiconductor film or a poly-
crystalline semiconductor film over a substrate separately
prepared is mounted in a region that is not surrounded by the
sealant 4005 over the first substrate 4001. In contrast, FIG.
18A2 illustrates an example in which part of a signal line
driver circuit is formed over the first substrate 4001. In FIG.
18A2, asignal line driver circuit 40035 is formed over the first
substrate 4001 and a signal line driver circuit 4003a that is
formed using a single crystal semiconductor film or a poly-
crystalline semiconductor film over the substrate separately
prepared is mounted on the first substrate 4001.

[0362] Note that there is no particular limitation on the
connection method of the driver circuit which is separately
formed, and a COG method, a wire bonding method, a TAB
method, or the like can be used as appropriate. FIG. 18A1
illustrates an example in which the signal line driver circuit
4003 is mounted by a COG method and FIG. 18A2 illustrates
an example in which the signal line driver circuit 4003 is
mounted by a TAB method.

[0363] The pixel portion 4002 and the scan line driver cir-
cuit 4004 provided over the first substrate 4001 each include
a plurality of transistors. FIG. 18B illustrates the transistor
4010 included in the pixel portion 4002 and the transistor
4011 included in the scan line driver circuit 4004, as an
example. An insulating layer 4020 and an interlayer film 4021
are provided over the transistors 4010 and 4011. Note that as
the transistors 4010 and 4011, the transistor which is
described in any one of Embodiments 7 to 10 or the like can
be employed.

[0364] In addition, over the interlayer film 4021 and the
insulating layer 4020, a conductive layer may be provided in
a position which overlaps with a channel formation region in
a semiconductor layer of the transistor 4011 in the scan line
driver circuit 4004. A potential of the conductive layer may be
the same or different from that of a gate electrode of the
transistor 4011. The conductive layer can serve as a second
gate electrode. Alternatively, the potential of the conductive
layer may be GND or 0V, or the conductive layer may be in
a floating state.

[0365] In addition, a pixel electrode layer 4030 is formed
over a first structure body 4037 which is provided over the
first substrate 4001 and the interlayer film 4021 so as to
project into the liquid crystal layer 4008. The pixel electrode
layer 4030 is electrically connected to the transistor 4010.
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Over the interlayer film 4021, a first common electrode layer
4036 is provided over a second structure body 4038 which is
provided to project into the liquid crystal layer 4008. The
liquid crystal element 4013 includes the pixel electrode layer
4030, a second common electrode layer 4031, the first com-
mon electrode layer 4036, and the liquid crystal layer 4008. In
addition, a polarizing plate 4032 and a polarizing plate 4033
are provided on the outer sides of the first substrate 4001 and
the second substrate 4006, respectively. Note that although
the second common electrode layer 4031 is provided on the
second substrate 4006 side in this embodiment, the present
invention is not limited to the structure. In other words, the
second common electrode layer 4031 may be omitted.
[0366] With the pixel electrode layer 4030 which is pro-
vided so as to cover a top surface and a side surface of the first
structure body 4037 and the first common electrode layer
4036 which is provided so as to cover a top surface and a side
surface of the second structure body 4038, an electric field
can be widely formed in the liquid crystal layer 4008 between
the pixel electrode layer 4030 and the first common electrode
layer 4036.

[0367] In addition, when the second common electrode
layer 4031 is provided on the second substrate 4006 side, an
electric field can be applied to liquid crystal in an oblique
direction (in a direction oblique to the substrate) between the
pixel electrode layer 4030 and the second common electrode
layer 4031, thus, liquid crystal molecules can be controlled
more efficiently. The liquid crystal molecules in the entire
liquid crystal layer including the liquid crystal molecules in
the thickness direction can be thereby made to respond and
the white transmittance can be improved. As a result, the
contrast ratio, which is a ratio of the white transmittance to the
black transmittance, can also be improved.

[0368] As the first substrate 4001 and the second substrate
4006, glass, plastic, or the like which has a light-transmitting
property can be used. The plastic can be a fiberglass-rein-
forced plastics (FRP) plate, a polyvinyl fluoride (PVF) film, a
polyester film, or an acrylic resin film. Alternatively, a sheet in
which aluminum foil is sandwiched by PVF films or polyester
films can be used.

[0369] A columnar spacer 4035 which is formed by selec-
tively etching an insulating film is provided in order to control
the cell gap. Note that the present invention is not limited to
this structure and a spherical spacer may be used. The cell gap
is preferably 1 um to 20 pm inclusive. Note that the cell gap
refers to the average gap between the first substrate 4001 and
the second substrate 4006.

[0370] Although FIGS. 18A1, 18A2, and 18B illustrate
examples of a transmissive liquid crystal display device, the
present invention is applicable to a transflective liquid crystal
display device and a reflective liquid crystal display device.
[0371] FIGS. 18A1, 18A2, and 18B illustrate the liquid
crystal display devices in which a polarizing plate is provided
on the outer side (the view side) of a substrate; however, the
polarizing plate may be provided on the inner side of the
substrate. In other words, the position of the polarizing plate
may be determined as appropriate depending on the material
of the polarizing plate and conditions of the manufacturing
process. Further, a light-blocking layer serving as a black
matrix may be provided.

[0372] Theinterlayer film 4021 is a light-transmitting chro-
matic-color resin layer and serves as a color filter layer. Part of
the interlayer film 4021 may be a light-blocking layer. In
FIGS. 18A1, 18A2, and 18B, a light-blocking layer 4034 is
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provided on the second substrate 4006 to overlap with the
transistors 4010 and 4011. By providing the light-blocking
layer 4034, further improvement in contrast and in stabiliza-
tion of the transistors can be achieved.

[0373] Theinsulating layer 4020 may serves as a protective
film of the transistors. To use the insulating layer 4020 as a
protective film, the insulating layer 4020 may be formed of a
material which can prevent entry of impurities floating in air,
such as an organic substance, a metal substance, or moisture,
and the insulating layer 4020 is preferably a dense film.
Specifically, the protective film may be formed using a single
layer or a stack of layers selected from 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, or an aluminum nitride oxide
film by a sputtering method.

[0374] Further, in the case of forming another light-trans-
mitting insulating layer as a planarization insulating film, the
light-transmitting insulating layer can be formed from an
organic material having heat resistance, such as polyimide,
acrylic, benzocyclobutene, polyamide, or epoxy. As an alter-
native to such organic materials, it is also possible to use a
low-dielectric constant material (a low-k material), a silox-
ane-based resin, phosphosilicate glass (PSG), borophospho-
silicate glass (BPSG), or the like. The insulating layer may be
formed by stacking a plurality of insulating films formed of
any of these materials.

[0375] The method for forming the insulating layers to be
stacked is not particularly limited. Depending on the material,
the planarization insulating layer can be formed by a method
such as sputtering method, an SOG method, a spin coating
method, a dipping method, a spray coating method, or a
droplet discharge method (e.g., an ink jetting method, screen
printing, or offset printing), or by using a tool (apparatus)
such as a doctor knife, a roll coater, a curtain coater, a knife
coater, or the like.

[0376] The pixel electrode layer 4030, the second common
electrode layer 4031, and the first common electrode layer
4036 can be formed using a light-transmitting conductive
material such as oxide containing tungsten and indium (in-
dium oxide containing tungsten oxide), oxide containing
tungsten, indium, and zinc (indium zinc oxide containing
tungsten oxide), oxide containing titanium and indium (in-
dium oxide containing titanium oxide), oxide containing tita-
nium, indium, and tin (indium tin oxide containing titanium
oxide), oxide containing indium and tin (indium tin oxide or
ITO), oxide containing indium and zinc (indium zinc oxide),
and oxide containing silicon, indium, and tin (indium tin
oxide to which silicon oxide is added). The pixel electrode
layer 4030, the second common electrode layer 4031, and the
first common electrode layer 4036 can also be formed using
one or plurality of materials selected from metal such as
tungsten (W), molybdenum (Mo), zirconium (Zr), hafnium
(Hf), vanadium (V), niobium (Nb), tantalum (Ta), chromium
(Cr), cobalt (Co), nickel (Ni), titanium (T1), platinum (Pt),
aluminum (Al), copper (Cu), or silver (Ag); an alloy thereof;
and nitride thereof. Further, the pixel electrode layer 4030, the
second common electrode layer 4031, and the first common
electrode layer 4036 can also be formed using a conductive
high molecule (also referred to as a conductive polymer).
[0377] Further, a variety of signals and potentials are sup-
plied to the signal line driver circuit 4003 which is separately
formed, the scan line driver circuit 4004, or the pixel portion
4002 from an FPC 4018.
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[0378] Further, since the transistors are easily broken by
static electricity and the like, a protective circuit for protect-
ing the driver circuits is preferably provided over the same
substrate as a gate line or a source line. The protection circuit
is preferably formed using a nonlinear element.

[0379] InFIGS.18A1,18A2, and 18B, a connection termi-
nal electrode 4015 is formed using the same conductive film
as that of the first common electrode layer 4036, and a termi-
nal electrode 4016 is formed using the same conductive film
as that of a source and drain electrode layers of the transistors
4010 and 4011. The connection terminal electrode 4015 is
electrically connected to a terminal included in the FPC 4018
through an anisotropic conductive film 4019.

[0380] FIGS.18A1,18A2, and18Billustrate an examplein
which the signal line driver circuit 4003 is formed separately
and mounted on the first substrate 4001 without limitation.
The scan line driver circuit may be separately formed and
then mounted, or only part of the signal line driver circuit or
part of the scan line driver circuit may be separately formed
and then mounted.

Embodiment 12

[0381] In this embodiment, specific examples of an elec-
tronic device including a display device described in the
above embodiments will be described. Note that electronic
devices to which the present invention can be applied are not
limited to the following specific examples.

[0382] An electronic device illustrated in FIG. 19A is a
portable game console which includes a housing 9630, a
display portion 9631, a speaker 9633, operation keys 9635, a
connection terminal 9636, a storage medium reading portion
9672, and the like. The portable game console may have a
function of reading a program or data stored in a storage
medium to display it on the display portion, and a function of
sharing data with another portable game console by wireless
communication. Note that the portable game console can
have a variety of functions besides those given above.
[0383] An electronic device illustrated in FIG. 19B is a
digital camera which includes a housing 9630, a display
portion 9631, a speaker 9633, operation keys 9635, a connec-
tion terminal 9636, a shutter button 9676, an image receiving
portion 9677, and the like. The digital camera may have a
function of photographing a still image and/or a moving
image, a function of automatically or manually correcting the
photographed image, a function of storing the photographed
image data in a memory element, a function of displaying the
photographed image data on the display portion, a television
reception function, and the like. Note that the digital camera
can have a variety of functions besides those given above.
[0384] An electronic device illustrated in FIG. 19C is a
television receiver which includes a housing 9630, a display
portion 9631, speakers 9633, operation keys 9635, a connec-
tion terminal 9636, and the like. The television may have a
functionof converting a television electric wave into an image
signal, a function of converting the image signal into a signal
for display, a function of converting a frame frequency of the
image signal, and the like. Note that the television receiver
can have a variety of functions besides those given above.
[0385] An electronic device illustrated in FIG. 20A is a
computer which includes a housing 9630, a display portion
9631, a speaker 9633, operation keys 9635, a connection
terminal 9636, a pointing device 9681, an external connection
port 9680, and the like. The computer may have a function of
displaying various kinds of information (e.g., a still image, a

Jun. 9, 2011

moving image, and a text) on the display portion, a function of
controlling processing with a variety of software (programs),
a communication function such as wireless communication
or wired communication, a function of being connected to
various computer networks with the communication func-
tion, a function of transmitting or receiving various kinds of
data with the communication function, and the like. Note that
the computer can have a variety of functions besides those
given above.

[0386] An electronic device illustrated in FIG. 20B is a
mobile phone which includes a housing 9630, a display por-
tion 9631, a speaker 9633, operationkeys 9635, amicrophone
9638, and the like. The mobile phone may have a function of
displaying various kinds of data (e.g., a still image, a moving
image, and a text) on the display portion, a function of dis-
playing a calendar, a date, the time, and the like on the display
portion, a function for managing or editing the data display-
ing on the display portion, a function of controlling process-
ing with various kinds of software (programs), and the like.
Note that the mobile phone can have a variety of functions
besides those given above.

[0387] An electric device illustrated in FIG. 20C is an elec-
tronic paper including a housing 9630, display portions 9631,
operation keys 9635, and the like. The electronic paper may
have a function of displaying various kinds of data (e.g.. a still
image, a moving image, and a text) on the display portion, a
function of displaying a calendar, a date, the time, and the like
on the display portion, a function for managing or editing the
data displaying on the display portion, a function of control-
ling processing with various kinds of software (programs),
and the like. Note that the electronic paper can have a variety
of functions besides those given above. An electronic paper
can be specifically applied to an electronic book reader (also
referred to as an e-book reader), a poster, and an advertise-
ment in a vehicle such as a train, for example.

[0388] Anelectric device illustrated in FIG. 20D is a digital
photo frame including a display portion 9703 incorporated in
ahousing 9701. The display portion 9703 can display a vari-
ety of images. For example, the display portion 9703 can
display image data taken with a digital camera or the like and
function like a normal photo frame.

[0389] Note that the digital photo frame is provided with an
operation portion, an external connection terminal (e.g., a
USB terminal and a terminal connectable to a variety of
cables such as a USB cable), a storage medium insertion
portion, and the like. Although these components may be
provided on the same surface as the display portion, it is
preferable to provide them on the side surface or the back
surface for design aesthetics. For example, a storage medium
storing image data taken with a digital camera is inserted into
the storage medium insertion portion of the digital photo
frame and the data is loaded, whereby the image can be
displayed on the display portion 9703.

[0390] The digital photo frame may have a function which
allows receiving and transmitting of data through wireless
communication. In this case, through wireless communica-
tion, desired image data can be loaded to the digital photo
frame to be displayed. Note that the digital photo frame can
have a variety of functions besides those given above.
[0391] By using a display device which is one embodiment
of the present invention in those electronic devices, the reli-
ability can be improved and power consumption for display-
ing a still image or the like can be reduced. Accordingly, when
the display device which is one embodiment of the present
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invention is applied to an electronic device which displays
still images more often than moving images, such as a digital
camera, an electronic paper, and a digital photo frame, an
effect of a reduction in power consumption is significant,
which is particularly preferable.

[0392] This application is based on Japanese Patent Appli-
cation serial no. 2009-277088 filed with Japan Patent Office
on Dec. 4, 2009, the entire contents of which are hereby
incorporated by reference.

1. A display device comprising:

a first substrate having a pixel portion in which a pixel
including a transistor is provided,

a second substrate which faces the first substrate; and

a liquid crystal layer between the first substrate and the
second substrate,

wherein the liquid crystal layer comprises a liquid crystal
material which exhibits a blue phase,

wherein a gate of the transistor is electrically connected to
a scan line, one of a source and a drain of the transistor
is electrically connected to a signal line, and the other of
the source and the drain of the transistor is electrically
connected to an electrode, and

wherein the transistor includes an oxide semiconductor
layer a hydrogen concentration of which is 5x10™/cm?
or less.

2. The display device according to claim 1,

wherein a carrier concentration of the oxide semiconductor
layer is less than 1x10"*/cm?.

3. The display device according to claim 1,

wherein the oxide semiconductor layer has a band gap of 2
eV or more.

4. The display device according to claim 1,

wherein a resistivity of the liquid crystal material which
exhibits a blue phase is 1x10° €-cm or more.

5. An electronic device comprising the display device

according to claim 1.
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6. A display device comprising:
a first substrate having a pixel portion in which a pixel
including a transistor is provided,
a second substrate which faces the first substrate; and
a liquid crystal layer between the first substrate and the
second substrate;
wherein the liquid crystal layer comprises a liquid crys-
tal material which exhibits a blue phase, and

wherein the transistor comprises a gate electrode over
the first substrate, a gate insulating film over the gate
electrode, an oxide semiconductor layer over the gate
insulating film, a source electrode and a drain elec-
trode which are electrically connected to the oxide
semiconductor layer,

an insulating film formed to cover the transistor;

a first structure body and a second structure body formed
over the insulating film;

a pixel electrode which is electrically connected to the
source electrode or the drain electrode through an open-
ing in the insulating film and which is formed to cover
the first structure body; and

a common electrode formed to cover the second structure
body,

wherein a hydrogen concentration of the oxide semicon-
ductor layer is 5x10*°/cm? or less.

7. The display device according to claim 6,

wherein a carrier concentration of the oxide semiconductor
layer is less than 1x10'%cm?.

8. The display device according to claim 6,

wherein the oxide semiconductor layer has a band gap of 2
eV or more.

9. The display device according to claim 6,

wherein a resistivity of the liquid crystal material which
exhibits a blue phase is 1x10° €-cm or more.

10. An electronic device comprising the display device

according to any one of claim 6.
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