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EXPLANATION OF REFERENGE

10:pulse output circuit; 11:wiring; 12:wiring; 13:wiring; 14:wiring; 15:wiring; 17:wiring;
18:wiring; 21:input terminal, 22:nput terminal; 23:input terminal; 24:input terminal;
25:input terminal; 26:output terminal; 27:output terminal; 31:transistor; 32:transistor;
33:transistor; 34transistor; 3b:transistor; 36:transistor; 37:transistor; 38:transistor;
39:transistor; 40:transistor; 41:transistor; 51:power supply line; 52:power supply line;
61:period; 62:period; 101:display panel; 103:memory circuit; 104:comparison circuit;
109:selection circuit; 106:display control circuit; 107:driver circuit portion; 108:pixel
portion; 109A:driver circuit; 109B:driver circuit; 110:frame memory; 151:transistor;
152:liquid crystal element; 153:capacitor; 154:signal line; 155:scan line; 156:wiring;
157:wiring; 201:frame period; 202:frame period; 211:writing period; 212:display period;
231:solid line; 232:solid line; 400:substrate; 402:gate insulating layer; 403:protective
insulating layer; 410:transistor; 411:gate electrode layer; 413:channel formation region;
414a:low-resistance region; 414b:low-resistance region; 415a:source electrode layer;
415b.drain electrode layer; 416:0xide insulating layer; 430:0xide semiconductor film;
431:0xide semiconductor layer: 1001:display portion; 1002:0peration portion;
1101:display portion; 1102:0peration button; 1103:external input terminal;
1201:housing; 1202:.display portion; 1203:speaker; 1204:LED lamp; 1205:pointing
device; 1206:connection terminal; 1207:keyboard; 1301:display partion; 1302:display
portion; 1303:speaker; 1304.connection terminal; 1305:LED lamp; 1306:microphone;
1307:recording medium reading portion; 1308:0peration button; 1309:sensor;
1401:display portion; 1402plane portion; 1501:housing; 1502:display portion;
1503:speaker: 1504:LED LAMP; 1505:0peration button: 1508:connection terminal;
1507:sensor; 1508:microphone; 1509:support base; 2701:housing; 2703:housing;
2705:display portion; 2707:display portion; 2711:hinge portion; 2721:power switch;
2723:0peration key; 2725:speaker; 4001:substrate; 4002:pixel portion: 4003:signal line
driver circuit; 4004:scan line driver circuit; 4005:sealant; 4006:substrate; 4008:liquid

crystal layer; 4010:transistor; 4011:transistor; 4013:liquid crystal element;
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4015:connection  terminal  electrode;  4016:terminal  electrode;  4018:FPC;
4019:anisotropic conductive film; 4020:gate insulating layer; 4021:insulating layer;
4030:pixel electrode layer; 4031:counter electrode layer; 4032:insulating layer;
4033:insulating layer; 4035:spacer; 4040:conductive layer; 4041:insulating layer;
4042:insulating layer; 4051:gate electrode layer; 4052:0xide semiconductor layer;
4053:source slectrode layer; 4054:drain electrode layer; 4061:gate electrode layer;
4062:0xide semiconductor layer; 4063:source electrode layer; 4064:drain electrode
layer; 6505:pixel; 6601:liquid crystal display unit; 6602:touch panel unit; 6603:housing;
6604:liquid crystal display device; 6605:pixel; 6606:photosensor; 6607:liquid crystal
element; 6608:scan line driver circuit; 6609:signal line driver circuit; 6610:photosensor

driver circuit
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LIQUID CRYSTAL DISPLAY DEVICE AND
DRIVING METHOD THEREOF

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device and a method for driving the liquid crystal display
device.

BACKGROUND ART

[0002] Liquid crystal display devices have been applied in
a wide range of fields from large display devices such as TV
sets to small display devices such as mobile phones, and those
with higher added value have been developed. In recent years,
in view of rising interest in the global environment and
improvement of the convenience of mobile devices, develop-
ment of liquid crystal display devices with low power con-
sumption has attracted attention.

[0003] For example, Patent Document 1 discloses a tech-
nique for reducing the power consumption of a liquid crystal
display device, according to which all of the signal lines are
electrically disconnected to a signal line driver circuit to have
high impedance in order to keep the voltage of each signal line
constant in a break period during which no scan line and no
signal line are selected.

[0004] Non-Patent Document 1 discloses a structure for
reducing the power consumption of a liquid crystal display
device, according to which the refresh rate is made to be
different in the case of moving image display and in the case
of still image display. Non-Patent Document 1 further dis-
closes a technique for preventing fluctuation of a voltage
applied to a liquid crystal element in order to prevent a flicker
due to the fluctuation of the voltage applied to the liquid
crystal element, which is accompanied by switching of a
signal between a break period and a scan period in the case
where a still image is displayed, according to which AC
signals with the same phase are applied to a signal line and a
common electrode also in the break period.

REFERENCE

[0005] Patent Document 1: Japanese Published Patent
Application No. 2001-312253

[0006] Non-Patent Document 1: Kazuhiko Tsuda et al.,
IDW?02, pp 295-298

DISCLOSURE OF INVENTION

[0007] However, in the above-referenced driving methods,
a configuration of a driver circuit which supplies a signal to a
scan line or a signal line of the liquid crystal display device
and an operation thereof are complicated, so that power con-
sumption of the liquid crystal display device cannot be
reduced enough.

[0008] Further, in the case where the break period during
which no scan line and no signal line are selected is provided
as described in Patent Document 1, the interval between
writing operations into pixels becomes long, by which the
voltage applied to aliquid crystal element is largely decreased
by leakage current of a transistor or parasitic capacitance in
some cases. Large decrease in the voltage applied to the liquid
crystal element lowers display quality; for example, display
with a predetermined gray scale level cannot be performed.
[0009] For example, in liquid crystal display devices, in
order to suppress occurrence of image burn-in, a driving
method in which the levels (polarities) of the voltages applied
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to a pair of electrodes of a liquid crystal element are inverted
per frame period (the driving method also referred to as
inversion driving) has been used.

[0010] Inthe case where the inversion driving is performed,
decrease of the voltage applied to the liquid crystal element
due to the leakage current of the transistor causes a difference
of the gray scale level of images displayed in respective two
sequential frame periods even when image signals for the
same image are input to the two sequential frame periods.
[0011] In view of the above, an object of one embodiment
of the present invention is to provide a liquid crystal display
device which does not need a complicated operation in a
driver circuit of the liquid crystal display device and con-
sumes less power consumption in the case where a still image
is displayed. Further, an object of one embodiment of the
present invention is to suppress deterioration of the display
quality.

[0012] One embodiment of the present invention is a liquid
crystal display device in which a transistor including an oxide
semiconductor layer functioning as a channel formation layer
is provided in a pixel, in which a voltage applied to a liquid
crystal element is compensated in displaying a still image so
that fluctuation of the gray scale level of a still image between
subsequent frame periods is suppressed.

[0013] One embodiment of the present invention is a driv-
ing method of aliquid crystal display device including a pixel
and a driver circuit for controlling whether or not an image
signal is supplied to the pixel. The pixel includes a liquid
crystal element including a first terminal to which the image
signal is supplied and a second terminal to which a common
voltage is input, and a transistor for controlling whether ornot
the image signal is supplied to the first terminal of the liquid
crystal element. The transistor includes an oxide semiconduc-
tor layer functioning as a channel formation layer. A polarity
of a voltage which is applied to the liquid crystal element is
inverted between a first frame period and a second frame
period which are sequential frame periods, so that image
display is performed. According to the driving method, the
voltage applied to the liquid crystal element is compensated
in the case where an image formed by the images in the first
frame period and the second frame period are judged as a still
image as a result of comparison of the image in the first frame
period with the image in the second frame period and the
absolute value of the voltage applied to the liquid crystal
element in the first frame period is different from that of the
voltage applied to the liquid crystal element in the second
frame period.

[0014] One embodiment of the present invention is a driv-
ing method of a liquid crystal display device including a pixel
and a driver circuit for controlling whether or not an image
signal is supplied to the pixel. The pixel includes a liquid
crystal element including a first terminal to which the image
signal is supplied and a second terminal to which a common
voltage is input and a transistor for controlling whether or not
the image signal is supplied to the first terminal of the liquid
crystal element. The transistor includes an oxide semiconduc-
tor layer functioning as a channel formation layer and having
a carrier concentration of less than 1x10™*/cm>. A polarity of
the voltage which is applied to the liquid crystal element is
inverted between a first frame period and a second frame
period which are sequential frame periods, so that image
display is performed. According to the driving method, the
voltage applied to the liquid crystal element is compensated
in the case where an image formed by the images of the first
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frame period and the second frame period are judged as a still
image as a result of comparison of the image of the first frame
period with the image of the second frame period and the
absolute value of the voltage applied to the liquid crystal
element in the first frame period is different from that of the
voltage applied to the liquid crystal element in the second
frame period.

[0015] According to one embodiment of the present inven-
tion, power consumption in the case where a still image is
displayed on a liquid crystal display device can be reduced.
Further, according to one embodiment of the present inven-
tion, deterioration of the display quality can be suppressed.

BRIEF DESCRIPTION OF DRAWINGS

[0016] In the accompanying drawings:

[0017] FIG. 1 illustrates a structure example of a liquid
crystal display device in Embodiment 1;

[0018] FIG. 2 illustrates an example of a pixel structure of
a liquid crystal display device in Embodiment 1;

[0019] FIG. 3 illustrates an operation example of a liquid
crystal display device in Embodiment 1;

[0020] FIG. 4 illustrates an operation example of a liquid
crystal display device in Embodiment 1;

[0021] FIGS. 5A to 5C illustrate a structure example of a
driver circuit in Embodiment 2;

[0022] FIG. 6 illustrates an operation example of a driver
circuit in Embodiment 2;

[0023] FIG. 7 illustrates an operation example of a driver
circuit in Embodiment 2;

[0024] FIGS. 8A to 8D illustrate a transistor in Embodi-
ment 3;
[0025] FIGS. 9A to 9C illustrate examples of a liquid crys-

tal display device in Embodiment 4;

[0026] FIGS. 10A and 10B illustrate structure examples of
a liquid crystal display device in Embodiment 3;

[0027] FIG. 11 illustrates a structure example of an e-book
reader in Embodiment 6; and

[0028] FIGS. 12A to 12F illustrate structure examples of
electronic devices in Embodiment 7.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0029] Embodiments of the present invention and examples
thereof will be hereinafter described with reference to the
accompanying drawings. The present invention can be car-
ried out in many different modes, and it is easily understood
by those skilled in the art that modes and details of the present
invention can be modified in various ways without departing
from the purpose and the scope of the present invention.
Accordingly, the present invention is not construed as being
limited to the described content of the embodiments and
examples included herein. Note that identical portions or
portions having the same function are denoted by the same
reference numerals throughout the drawings in the structures
of the present invention described below.

[0030] The size, the layer thickness, or the area of each
structure is exaggerated in the drawings of the embodiments
for clarification in some cases; therefore, the embodiments of
the present invention are not limited to such scales.

[0031] Numerals such as an “N-th” (N is a natural number)
are used for avoiding confusion of components in this speci-
fication and do not imply the number of the components.
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Embodiment 1

[0032] InEmbodiment 1, a driving method ofa liquid crys-
tal display device according to one embodiment of the present
invention and the liquid crystal display device will be
described.

[0033] First, a structure of the liquid crystal display device
in this embodiment is described with reference to F1G. 1. FIG.
11s a block diagram illustrating an example of the structure of
the liquid crystal display device in this embodiment.

[0034] A liquid crystal display device shown in FIG. 1
includes a display panel 101, a memory circuit 103, a com-
parison circuit 104, a selection circuit 105, and a display
control circuit 106.

[0035] The display panel 101 includes a driver circuit por-
tion 107 and a pixel portion 108.

[0036] The driver circuit portion 107 includes a driver cir-
cuit 109A and a driver circuit 109B. The pixel portion 108
includes a plurality of pixels. The driver circuits 109A and
109B are driver circuits for driving the plurality of pixels in
the pixel portion 108. The driver circuit 109A functions as a
scan line driver circuit for controlling a scan line for selecting
a pixel into which image data is written. The driver circut
109B is a driver circuit which controls whether or not an
image signal is supplied to a pixel and functions as a signal
line driver circuit for controlling a signal line to which an
image signal including image data is supplied. In the liquid
crystal display device of this embodiment, the driver circuits
109A and 109B can include transistors.

[0037] The memory circuit 103 is a circuit into which an
image signal (also referred to as a signal Data) 1s input and
whichholds data of the image signal (also referred to as image
data) for a certain period. The memory circuit 103 includes a
frame memory 110. The frame memory 110 stores data of
image signals of a plurality of frames. The number of the
frame memories 110 included in the memory circuit 103 is
not particularly limited; as shown in FIG. 1, the memory
circuit 103 may include a plurality of the frame memories
110. In the liquid crystal display device of this embodiment,
the frame memory 110 may include a memory element such
as a dynamic random access memory (DRAM) or a static
random access memory (SRAM).

[0038] The comparison circuit 104 is a circuit which selec-
tively reads out data of image signals in subsequent frame
periods stored in the memory circuit 103, compares the data
of the image signals, and detects a difference thereof. For
example, data of the image signals of first to n-th frame
periods are stored (nis a natural number larger than 1), and the
comparison circuit 104 compares data of an image signal of
an m-th frame period with data of an image signal of an
(m+1)-th frame period (m is a natural number smaller than n).
In the comparison circuit 104, the difference is detected,
whereby whether the data of the image signals in the subse-
quent frame periods are data of image signals for displaying
amoving image or data of image signals for displaying a still
image is judged. In the liquid crystal display device of this
embodiment, the detection criterion of a difference may be set
such that the difference can be recognized when the differ-
ence detected by the comparison circuit 104 exceeds a certain
value.

[0039] In this specification, the term “moving image”
means an image which is recognized as being changed in
sequential frame periods when a plurality of images tempo-
rally divided into the images in a plurality of frames are
switched for operation. The term “still image” means an
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image which is recognized as not being changed in sequential
frame periods when a plurality of images temporally divided
into the images in a plurality of frames are switched for
operation.

[0040] The selection circuit 105 is a circuit which selects,
when data of image signals compared in the comparison
circuit 104 is judged as data of image signals for displaying a
moving image (i.e., when the data of the image signal of the
m-th frame period is judged as being different from the data of
the image signal of the (m+1)-th frame period), the data of the
image signals from the frame memory (memories) 110 and
outputs the data of the image signals as image signals to the
display control circuit 106. The selection circuit 105 includes
a circuit including a plurality of switches such as transistors.
In the case where no difference of data of image signals
between sequential frame periods is detected in the compari-
son circuit 104 (i.e., the data of the image signal of the m-th
frame period is judged as being the same as the data of the
image signal ofthe (m+1)-th frame period), images displayed
in the frame periods are a still image. In that case, the data of
the image signal of the latter frame period is not output as an
image signal to the display control circuit 106 in this embodi-
ment.

[0041] The display control circuit 106 is a circuit to which
an image signal, a start signal (also referred to as a start pulse
orasignal SP), a clock signal (also referred to as a signal CK),
a reset signal (also referred to as a signal Res), a high power
source voltage (also referred to as a voltage Vdd), and a low
power source voltage (also referred to as a voltage Vss) are
supplied and which controls whether or not one or more ofthe
signals and voltages is supplied to the driver circuit portion
107. For example, in the case where images in sequential
frame periods are judged as a moving image by the compari-
son of the comparison circuit 104, image signals are supplied
from the selection circuit 105 to the display control circuit
106, and the start signal SP, the clock signal CK, the reset
signal Res, the high power source voltage Vdd, and the low
power source voltage Vss are supplied to the driver circuit
portion 107. On the other hand, in the case where an image
formed by images of sequential frame periods is judged as a
still mage by the comparison of the comparison circuit 104,
an image signal ofthe latter frame period is not supplied from
the selection circuit 105 and one or more of the start signal SP,
the clock signal CK, the reset signal Res, the high power
source voltage Vdd, and the low power source voltage Vss is
not supplied to the driver circuit portion 107, in some cases.
[0042] Note that the term “voltage” generally means a dif-
ference between potentials at two points (also referred to as a
potential difference). However, values of both a voltage and a
potential are represented using volt (V) in a circuit diagram or
the like in some cases, so that it is difficult to discriminate
between them. Thus, in this specification, a potential differ-
ence between a potential at one point and a reference potential
is sometimes used as a voltage at the point unless otherwise
specified.

[0043] Further, a transmissive type liquid crystal display
device, a semi-transmissive type liquid crystal display device,
or a reflective type liquid crystal display device can be
employed as the liquid crystal display device of this embodi-
ment.

[0044] A progressive typedisplay, an interlace type display,
or the like can be employed as the display type of the liquid
crystal display device of this embodiment. Further, color
elements controlled in a pixel at the time of color display are

Jul. 31,2014

not limited to three colors: R, G, and B (R, G, and B corre-
spond to red, greed, and blue, respectively). For example, R,
G, B, and W (W corresponds to white); R, G, B, and one or
more of yellow, cyan, magenta, and the like; or the like can be
used. Further, the size of the display region may be different
depending on a dot of a color element. The liquid crystal
display device of this embodiment is not limited to a display
device for color display; this embodiment can also be applied
to a display device for monochrome display.

[0045] Next, a circuit configuration of the pixel in FIG. 1
will be described with reference to FIG. 2. FIG. 2 is an
equivalent circuit diagram illustrating a structural example of
the pixel included in the pixel portion 108 in FIG. 1.

[0046] A pixel shown in FIG. 2 includes a transistor 151, a
liquid crystal element 152, and a capacitor 153.

[0047] In this specification, the transistor has at least a
source, a drain, and a gate. As the transistor, a gate-insulated
transistor can be used, for example.

[0048] The gate means the whole of a gate electrode and a
gate wiring or part thereof. A conductive layer having a func-
tion of both a gate electrode and a gate wiring is referred to as
a gate in some cases without distinction between the gate
electrode and the gate wiring.

[0049] The source means the whole of a source electrode
and a source wiring or part thereof. A conductive layer having
a function of both a source electrode and a source wiring is
referred to as a source in some cases without distinction
between the source electrode and the source wiring.

[0050] The drain means the whole of a drain electrode and
a drain wiring or part thereof. A conductive layer having a
function of both a drain electrode and a drain wiring is
referred to as a drain in some cases without distinction
between the drain electrode and the drain wiring.

[0051] Further, in this specification, a source and a drain of
atransistor may interchange with each other depending on the
structure, the operating condition, and the like of the transis-
tor; therefore, it is difficult to fix the source and the drain.
Therefore, in this document (the specification, the claims, the
drawings, or the like), one of them is referred to as one of the
source and the drain, and the other is referred to as the other
of the source and the drain.

[0052] One of a source and a drain of the transistor 151 is
electrically connected to the signal line 154 and the gate
thereof is electrically connected to a scan line 155.

[0053] The liquid crystal element 152 has a first terminal
and a second terminal. The first terminal is electrically con-
nected to the other of the source and the drain of the transistor
151, and the second terminal is electrically connected to a
wiring 156. The liquid crystal element 152 can include a first
electrode which serves as part of or the whole of the first
terminal, a second electrode which serves as part of or the
whole of the second terminal, and aliquid crystal layer whose
transmittance of light is changed by application of voltage
between the first electrode and the second electrode.

[0054] The specific resistance of a liquid crystal material of
the liquid crystal element 152 is 1x10'?Q-cm or more, pref-
erably 1x10"Q-cm or more, far preferably 1x10'*Q-cm or
more. The specific resistance in this specification is defined as
that measured at 20° C. In the case where a liquid crystal
display device is formed using the liquid crystal material, the
resistance of a portion serving as a liquid crystal element may
be 1x10"'Q-cm or more, furthermore 1 x10'2Q-cm or more in
some cases because of an impurity mixed into a liquid crystal
layer from an alignment film, a sealant, or the like.



US 2014/0210808 Al

[0055] The larger the specific resistance of the liquid crys-
tal material is, the more the leakage current of the liquid
crystal layer can be suppressed and the more the decrease
over time of the voltage applied to the liquid crystal element
in the display period can be suppressed. As a result, the
display period canbe extended, so that the frequency of signal
writing can be decreased, which leads to reduction of power
consumption of the liquid crystal display device.

[0056] The capacitor 153 has a first terminal and a second
terminal. The first terminal is electrically connected to the
other of the source and the drain of the transistor 151, and the
second terminal is electrically connected to a wiring 157. The
capacitor 153 serves as a storage capacitor and can include a
first electrode which serves as part of or the whole of the first
terminal, a second electrode which serves as part of or the
whole of the second terminal, and a dielectric layer in which
electric charge is accumulated by application of voltage
between the first electrode and the second electrode. The
capacitance of the capacitor 153 may be set in consideration
of the off-state current of the transistor 151. In this embodi-
ment, a transistor including a high-purity oxide semiconduc-
tor layer is used as the transistor 151, and therefore, a storage
capacitor having capacitance which is less than or equal to %4,
preferably less than or equal to ¥5 with respect to the liquid
crystal capacitance of each pixel is sufficient to be provided.
The capacitor 153 is not necessarily provided. Omission of
the capacitor 153 can improve the aperture ratio of the pixel.
[0057] The wiring 156 serves as a voltage line to which a
certain voltage is applied. For example, a common voltage
(also referred to as a voltage V,,) is applied to the wiring
156. The common voltage may be a positive voltage, a nega-
tive voltage, or ground potential.

[0058] The wiring 157 serves as a voltage line to which a
certain voltage is applied. For example, a unit voltage is
applied to the wiring 157. The unit voltage may be a common
voltage.

[0059] Further, a switch may be provided between the sec-
ond terminal of the liquid crystal element 152 and the wiring
156, and the switch may be turned on so that a common
voltage is applied to the second terminal of the liquid crystal
element 152 in a writing period and the switch may be turned
off so that the second terminal of the liquid crystal element
152 has a floating state in a display period. It is preferable to
use a transistor applicable to the transistor 151, as the switch.
Accordingly, the voltage applied to the liquid crystal element
152 can be prevented from being fluctuated at the time of
displaying a still image.

[0060] A switch may be provided between the second ter-
minal of the capacitor 153 and the wiring 157, and the switch
may be turned on so that a unit voltageis applied to the second
terminal of the capacitor 153 in a writing period and the
switch may be turned off so that the second terminal of the
capacitor 153 has a floating state in a display period. It is
preferable to use a transistor applicable to the transistor 151,
as the switch. Accordingly, the voltage applied to the capaci-
tor 153 can be prevented from being fluctuated at the time of
displaying a still image. The above description is made on the
configuration of the pixel shown in FIG. 2.

[0061] Next, a transistor applicable to the transistor
included in the driver circuit 109A or the driver circuit 109B
or the transistor 151 is described below.

[0062] As the transistor included in the driver circuit 109A
or the driver circuit 109B or the transistor 151, a transistor
including an oxide semiconductor layer functioning as a
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channel formation layer can be used, for example. The oxide
semiconductor layer functioning as a channel formation layer
of the transistor is an intrinsic (i-type) or a substantially
intrinsic oxide semiconductor which is obtained by removing
hydrogen that is an n-type impurity from an oxide semicon-
ductor and highly purifying the oxide semiconductor such
that an impurity other than a main component of the oxide
semiconductor is not contained as much as possible. In other
words, the oxide semiconductor layer has a feature in that it is
made to be an i-type (intrinsic) semiconductor or made to be
close thereto not by addition of an impurity but by thorough
purification to remove an impurity such as hydrogen or water
as much as possible.

[0063] As the oxide semiconductor, any of the following
can be used: an oxide of four metal elements such as
In—Sn—Ga—Zn—0; an oxide of three metal elements such
as In—Ga—7Zn—0, In—Sn—7n—0, In—Al—7Zn—0,
Sn—Ga—7Zn—0, Al—Ga—Zn—0, or Sn—Al—7Zn—0,;
an oxide of two metal elements such as In—Zn—O,
Sn—7n—0, Al—7n—0, Zn—Mg—0, Sn—Mg—O,
In—Mg—O, or In—Sn—0; In—O; Sn—O0; and Zn—O.
Further, Si0, may be included in the oxide semiconductor.
[0064] As the oxide semiconductor, a material represented
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, M may be Ga, Ga and Al, Ga and Mn, Gaand Co, or
the like. Among the oxide semiconductors represented by
InMO,(Zn0),, (m>0), an oxide semiconductor which
includes Ga as M is referred to as an In—Ga—7n—O oxide
semiconductor.

[0065] Furthermore, the bandgap of the oxide semiconduc-
tor used as the oxide semiconductor layer is 2 eV or more,
preferably 2.5 eV or more, far preferably 3 eV or more.
Accordingly, the number of carriers generated by thermal
excitation can be reduced to a negligible number. Further, the
amount of impurity such as hydrogen which becomes a donor
is reduced to a certain amount or less so that the carrier
concentration is less than 1x10'%cm?, preferably 1x10'%/
cm’ or less. That is, the carrier concentration of the oxide
semiconductor layer is reduced to as close to zero as possible.
[0066] The purification is carried out under at least one of
the following concepts: removal of hydrogen from an oxide
semiconductor layer as much as possible; and reduction of
defects, which are caused by oxygen deficiency in an oxide
semiconductor layer, by supply of oxygen to the oxide semi-
conductor layer.

[0067] In the above-described transistor including the
oxide semiconductor layer, the off-state current per channel
width of 1 um can be reduced to 10 aA/um (1x107'7 A/um) or
less, further to 1 aA/um (1x107*® A/um) or less, still further to
10 zA/um (1x1072° A/um) or less.

[0068] In the case where a liquid crystal display device is
formed using the transistor off-state current of which is
extremely small as described above, the display period of an
image per writing of image data can be long because the
leakage current due to the transistor is extremely small.
Therefore, the interval between writings of mage data can be
prolonged. Further, the frame frequency can be lowered. For
example, the writing interval of image data can be prolonged
to 10 seconds or longer, preferably 30 seconds or longer, far
preferably 1 minute or longer. In addition, power consump-
tion at the time of displaying a still image can be reduced. As
the interval between writings of image data is prolonged,
power consumption can be reduced.
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[0069] Further, in the above-described transistor including
the oxide semiconductor layer, fluctuation of the electrical
characteristics depending on the temperature is small; for
example, the dependency of the on-state current or the off-
state current of the transistor on the temperature in the range
from -30° C. to 120° C. can be considered to be zero.
[0070] Next, a driving method of the liquid crystal display
device shown in FIG. 1 including the pixel shown in FIG. 2 is
described below.

[0071] In the driving method of the liquid crystal display
device shown in FIG. 1, data of an image signal is input to the
memory circuit 103.

[0072] The memory circuit 103 holds data of image signals
of sequential frame periods, and outputs the data of the image
signals to the comparison circuit 104 as image signals.
[0073] The comparison circuit 104 compares input data of
image signals of the sequential frame periods (e.g., a first
frame period and a second frame period) with each other and
detects a difference thereof, thereby judging whether an
image is a moving image or a still image on the basis of the
compared data of the image signals. When a difference is
detected, the image is judged to be a moving image; when no
difference is detected, the image is judged to be a still image.
[0074] Inthe case where images are judged to be a moving
image on the basis of the comparison of data of the image
signals, the selection circuit 105 outputs the data of the image
signals held in the memory circuit 103 as image signals to the
display control circuit 106. Furthermore, in that case, the
display control circuit 106 supplies data of the input image
signals as image signals to the driver circuit portion 107.
[0075] On the other hand, in the case where images are
judged to be a still image on the basis of the comparison of
data of the image signals, a supply of the image signal for the
latter frame period (e.g., the second frame period) to the
display control circuit 106 is stopped. Furthermore, in that
case, a supply of the image signal for the latter frame period
(e.g., the second frame period) to the driver circuit portion
107 is stopped. Further, in addition to the image signal, the
supply of one or more of the clock signal CK, the start signal
SP, the reset signal Res, the high power source voltage Vdd,
and the low power source voltage Vss to the driver circuit
portion 107 can be stopped. By stopping the supply of the
above-described signal(s) and/or voltage(s), the driver circuit
portion can be stopped operating during the period in which
the still image is displayed.

[0076] Further, in the case where data of the image signal in
the first frame period is the same as data of an image signal in
the preceding frame period, i.e., images displayed in the two
sequential frame periods are a still image, a supply of the
image signal to the driver circuit portion 107 can be stopped
and a supply of the image signal from the driver circuit
portion 107 to the pixel portion 108 can be stopped in the first
frame period. Further, in that case, the supply of one or more
ofthe clock signal CK, the start signal SP, the reset signal Res,
the high power source voltage Vdd, and the low power source
voltage Vss to the driver circuit portion 107 can be stopped,
whereby power consumption can be reduced.

[0077] As described above, according to one example of
the driving method of the liquid crystal display device in this
embodiment, data of a plurality of image signals is compared
with each other, so that whether images to be displayed are a
moving image or a still image is judged, and the supply of a
control signal such as a clock signal or a start signal to the
driver circuit portion is selectively restarted or stopped. By
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selectively performing the supply of a signal or a voltage to
the driver circuit portion, a period during which the driver
circuit portion is stopped operating can be provided, which
leads to reduction of power consumption of the liquid crystal
display device.

[0078] Moreover, in the liquid crystal display device of this
embodiment, since the transistor using an oxide semiconduc-
tor whose off-state current is smaller than that of an amor-
phous silicon TFT as descried above, a display period of an
image by one image-data writing can be long.

[0079] Further, an example of a writing operation and a
display operation of a pixel is described below with reference
to FIG. 3. FIG. 3 is a timing chart for describing an example
of a writing operation and a display operation of the pixel of
this embodiment.

[0080] For the pixel, a writing period 211 and a display
period (also referred to as a holding period) 212 are provided
in each of a first frame period 201 and a second frame period
202.

[0081] Inthe writing period 211, as shown in FIG. 3, a scan
signal which is input through a scan line is active (the scan
signal (also referred to as V ;) is at high level in FIG. 3). Then,
the transistor 151 in the pixel is turned on, and a voltage of an
image signal is supplied to the first terminal of the liquid
crystal element 152 and the first terminal of the capacitor 153
via the transistor 151, whereby image data is written. In the
display period 212, the pixel keeps a display state correspond-
ing to the written image data.

[0082] Furthermore, in the liquid crystal display device of
this embodiment, in order to suppress image burn-in on the
display panel 101, a driving method is employed in which the
supply of an image signal to the driver circuit portion 107 is
restarted and the polarity of the voltage applied to the liquid
crystal element 152 is inverted in the case where still image is
displayed in sequential frame periods the number of which
exceeds a predetermined number (the driving method also
referred to as a frame inversion driving). Namely, in the case
where still image is displayed using a plurality of frame
periods that can be regarded as being the same image, the
polarity inversion of the voltage applied to the liquid crystal
element 152 is conducted only when the number of the
sequential frame periods exceed a standard value. For
example, when a still image is displayed using firstto (n+1)-th
frame periods (n is a natural number larger than 1), after the
data of the image signal of the first frame period is supplied to
the liquid crystal element 152 through the driver circuit por-
tion 107, the supply of the data is stopped in the sequential
second to n-th frame periods. Then, the inversion of the volt-
age is carried out between the n-th and (n+1)-th frame peri-
ods. Note that the polarity inversion of the voltage may be
conducted using acommon voltage as a standard. The driving
method of the liquid crystal display device of this embodi-
ment is not limited to this example; another driving method
such as a scan-line inversion driving, a signal-line inversion
driving, a dot inversion driving, or a common-voltage inver-
sion driving may be employed.

[0083] The supply of the image signal is restarted at a
timing at which the number of frame periods during which
one still image is displayed continuously exceeds a predeter-
mined number. The number of frame periods can be counted
by a counting circuit provided, for example. In that case, the
supply of the image signal to the driver circuit portion 107 is
restarted when the counting value of the counting circuit
exceeds a predetermined value, and the polarity of the voltage
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applied to the liquid crystal element 152 is inverted. In the
timing chart shown in FIG. 3, the counting value exceeds the
predetermined value in the second frame period 202, the
supply of the image signal to the driver circuit portion 107 is
restarted, and the polarity of the voltage applied to the liquid
crystal element 152 is inverted. In addition, in the case where
the supply of one or more of the clock signal CK, the start
signal SP, the reset signal Res, the high power source voltage
Vdd, and the low power source voltage Vss to the driver
circuit portion 107 is stopped at the same time as the time at
which the supply of the image signal to the driver circuit
portion 107 is stopped, the supply of one or more of the clock
signal CK, the start signal SP, the reset signal Res, the high
power source voltage Vdd, and the low power source voltage
Vss to the driver circuit portion 107 may be restarted.

[0084] Inthe case where data of respective image signals in
sequential two frame periods (e.g., a first frame period and a
second frame period) are compared with each other using the
image signals input, and an image in the second frame period
is judged to be the same as an image in the first frame period,
it is preferable that absolute values of the voltages applied to
the liquid crystal element 152 in the sequential frame periods
be equal to each other.

[0085] However, as shown in FIG. 3, in some cases, the
voltage applied to the liquid crystal element 152 (the voltage
also referred to as a voltage V, ) changes from (V11-V ;)
t0 (V12-V qy,) in the first frame period 201 and the voltage
applied to the liquid crystal element 152 changes from (V13-
V cong to (V14-V .., ) inthe second frame period 202, which
may result in a difference between an absolute value of a
difference between the voltage (data) of an image signal in the
first frame period 201 and a common voltage (the absolute
value is an absolute value of the voltage applied to the liquid
crystal element 152 in the first frame period 201) and an
absolute value of a difference between the voltage (data) of an
image signal in the second frame period 202 and the common
voltage (the absolute value is an absolute value of the voltage
applied to the liquid crystal element 152 in the second frame
period 202). Such a voltage fluctuation is caused by feed-
through or the like, and causes deterioration of the display
quality (e.g., generation of a flicker). The longer the display
period by one image-data writing is, the more the voltage
fluctuation may affect.

[0086] In view of the above, compensation is performed in
an example of the driving method of the liquid crystal display
device of this embodiment. In the case where the absolute
value of the voltage applied to the liquid crystal element 152
in the first frame period 201 is different from that of the
voltage applied to the liquid crystal element 152 in the second
frame period 202, the voltage applied to the liquid crystal
element 152 is compensated in the first frame period 201 or
the second frame period 202. In that case, the compensation is
preferably performed such that the gray scale level of the
pixel at the voltage applied to the liquid crystal element 152 in
the first frame period 201 is equal to that of the pixel at the
voltage applied to the liquid crystal element 152 in the second
frame period 202. For example, the voltage V,, may be
compensated, so that the voltage applied to the liquid crystal
element 152 can be compensated, whereby the gray scale
level can be compensated. The voltage applied to the capaci-
tor 153 may be compensated. For example, the unit voltage
applied to the second terminal of the capacitor 153 is com-
pensated, thereby compensating the voltage applied to the
capacitor 153.
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[0087] The gray scale level of the pixel at the voltage
applied to the liquid crystal element 152 can be represented
on the vertical axis of a graph with the voltage applied to the
liquid crystal element (also referred to as a voltage V, )
represented on the horizontal axis, for example. For example,
in the case where TN liquid crystal is used as a liquid crystal
material, the gray scale level at a positive voltage V, . and the
gray scale level at a negative voltage V, . can be expressed by
a straight line 231 and a straight line 232 in FIG. 4, respec-
tively. As the gray scale level increases, the image gets closer
to white display; as the gray scale level decreases, the image
gets closer to black display.

[0088] Forexample, in the case where the absolute value of
the voltage applied to the liquid crystal element 152 in the first
frame period 201 is smaller than that of the voltage applied to
the liquid crystal element 152 in the second frame period 202,
the voltageV . ,,1s shifted to be decreased, so that the voltage
applied to the liquid crystal element 152 can be lowered,
whereby the gray scale level of the pixel at the voltage applied
to the liquid crystal element 152 in the first frame period 201
and that of the pixel at the voltage applied to the liquid crystal
element 152 in the second frame period 202 can be the same
or as close to each other as possible. When a still image is
displayed using first to (n+1)-th frame periods (n is a natural
number larger than 1), for example, the inversion of the volt-
age is carried out between the n-th and (n+1)-th frame peri-
ods, and the compensation is performed so that the voltage
applied to the liquid crystal element 152 in the n-th frame
period is the same as that in the (n+1)th frame period.
[0089] The compensation may be performed before the
image signal supply to the driver circuit portion after an
image formed by the images of the sequential frame periods
are judged to be a still image by the comparison circuit 104. In
that case, a compensation circuit is provided, the absolute
value of the voltage applied to the liquid crystal element 152
in the first frame period 201 is compared with that of the
voltage applied to the liquid crystal element 152 in the second
frame period 202 in the comparison circuit 104, comparison
data is output to the comparison circuit, and the voltage
applied to the liquid crystal element 152 is compensated by
the compensation circuit in accordance with the compensa-
tion data.

[0090] Thevoltage applied to the liquid crystal element 152
may be compensated while comparing respective images dis-
played on the display panel in the first frame period 201 and
the second frame period 202. The frame frequency may be
lowered to about %io of the normal one at the time of the
compensation and returned to the normal one at the time of
display. Lowering of the frame frequency enables more accu-
rate compensation.

[0091] As described above, according to one example of
the driving method of the liquid crystal display device of this
embodiment, in the case where respective images in the first
frame period and the second frame period are compared with
each other, so that the image formed by the images of the first
and second frame periods is judged to be a still image with
respect to the image of the first frame period, and the absolute
value of the voltage applied to the liquid crystal element in the
first frame period is different from that of the voltage applied
to the liquid crystal element in the second frame period, the
voltage applied to the liquid crystal element is compensated
in the first frame period or the second frame period. Accord-
ingly, even in the case where a still image is displayed for a
long time by applying to the liquid crystal element a voltage
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whose polarity is inverted in a plurality of sequential frame
periods, deterioration of the display quality due to voltage
fluctuation can be suppressed. For example, generation of a
flicker can be suppressed. Therefore, in the case where a
transistor including an oxide semiconductor layer function-
ing as a channel formation layer is used as in the liquid crystal
display device of this embodiment and a still image is dis-
played for a long period by one image-data writing, the dis-
play quality can be prevented from deteriorating and power
consumption can be reduced by the driving method of the
liquid crystal display device of this embodiment.

Embodiment 2

[0092] In Embodiment 2, a structure of a shift register
included in each of a scan line driver circuit and a signal line
driver circuit of the liquid crystal display device described in
Embodiment 1 will be described.

[0093] An example of the structure of the shift register in
this embodiment is described with reference to FIGS. 5A to
5C. FIGS. 5A to 5C are diagrams illustrating an example of
the structure of the shift register in this embodiment.

[0094] A shift register shown in FIG. 5A includes first to
N-th pulse output circuits 10_1 to 10_N (N is a natural num-
ber greater than or equal to 3).

[0095] Each of the first to N-th pulse output circuits 10_1 to
10_N is electrically connected to three wirings among first to
fourth wirings 11 to 14. In the shift register shown in FIG. 5A,
a first clock signal CK1 is supplied through the first wiring 11,
a second clock signal CK2 is supplied through the second
wiring 12, a third clock signal CK3 is supplied through the
third wiring 13, and a fourth clock signal CK4 is supplied
through the fourth wiring 14.

[0096] A start signal SP1 is input to the first pulse output
circuit 10_1 through a fifth wiring 15.

[0097] A signal from the pulse output circuit 10_(rn-1) (nis
a natural number of 2 or more and N or less) in the previous
stage (the signal referred to as a former-stage signal OUT(n-
1)) is input to the n-th pulse output circuit 10_ » in a second or
subsequent stage. Further, a signal from a third-pulse output
circuit 10_3 in the third stage is input to the first pulse output
circuit 10_1 in the first stage; similarly, a signal from the
(142)-th pulse output circuit 10_(/+2) (1is a natural number of
2 or more and N-2 or less) in the (1+2)-th stage (the signal
referred to as a later-stage signal OUT(1+2)) is input to the 1-th
pulse output circuit 10__/in the 1-th stage. Further, each pulse
output circuit in each stage outputs a first output signal and a
second output signal. As shown in FIG. 5A, the later-stage
signals OUT(1+2) are not input to the pulse output circuits in
the (N-1)-th stage and the N-th stage; therefore, for example,
a start signal SP2 may be input to the pulse output circuit in
the (N-1)-th stage through a sixth wiring 17 and a start signal
SP3 may be input to the pulse output circuit in the N-th stage
through a eighth wiring 18. Alternatively, signals internally
generated may be input to the pulse output circuits in the
(N-1)-th stage and the N-th stage. For example, a pulse
output circuit 10_(N+1) in the (N+1)-th stage and a pulse
output circuit 10_(N+2) in the (N+2)-th stage (the circuits
also referred to as pulse output circuits in dummy stages)
which do not contribute to pulse output to the pixel portion
may be provided, a start signal SP2 may be input to the pulse
output circuit 10_(N+1) in the (N+1)-th stage and a start
signal SP3 may be input to the pulse output circuit 10_(N+2)
in the (N+2)-th stage.
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[0098] Each of the first clock signal (CK1) to the fourth
clock signal (CK4)is a digital signal whose level is repeatedly
switched between high level and low level. The first to the
fourth clock signals (CK1) to (CK4) are delayed by ¥4 period
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).

[0099] Each of the first to N-th pulse output circuits 10_1 to
10_N has afirstinput terminal 21, a second input terminal 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. 5B).

[0100] Thefirstinputterminal 21, the second input terminal
22, and the third input terminal 23 are electrically connected
to three wirings among the first to fourth wirings 11 to 14. For
example, in the first pulse output circuit 10_1 in FIGS. 5A and
5B, 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 termi-
nal 23 is electrically 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 22 is electrically connected to the third wiring
13, and the third input terminal 23 is electrically connected to
the fourth wiring 14.

[0101] Inthe first pulse output circuit 10_11in FIGS. 5A and
5B, the start signal is input through the fourth input terminal
24, the later-stage signal (the second output signal of the third
pulse output circuit 10_3) is input through the fifth input
terminal 25, the first output signal is output through the first
output terminal 26, and the second output signal is output
through the second output terminal 27.

[0102] Next, an example of a specific circuit configuration
of the pulse output circuit is described below with reference to
FIG. 5C.

[0103] A pulse output circuit shown in FIG. 5C includes
first to eleventh transistors 31 to 41.

[0104] One of a source and a drain of the first transistor 31
is electrically connected to a power supply line 51, and a gate
thereof is electrically connected to the fourth input terminal
24.

[0105] One of a source and a drain of the second transistor
32 is electrically connected to a power supply line 52.

[0106] One ofa source and a drain of the third transistor 33
is electrically connected to the first input terminal 21, and the
other of the source and the drain thereof is electrically con-
nected to the first output terminal 26.

[0107] One of a source and a drain of the fourth transistor
34 is electrically connected to the power supply line 52, the
other of the source and the drain thereof is electrically con-
nected to the first output terminal 26, and a gate thereof is
electrically connected to a gate of the second transistor 32.

[0108] One of a source and a drain of the fifth transistor 35
is electrically connected to the power supply line 52, the other
of the source and the drain thereof is electrically connected to
the gate of the second transistor 32, and a gate thereof is
electrically connected to the fourth input terminal 24.

[0109] One of a source and a drain of the sixth transistor 36
is electrically connected to the power supply line 51, the other
of the source and the drain thereof is electrically connected to
the gate of the second transistor 32, and a gate thereof is
electrically connected to the fifth input terminal 25.
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[0110] One of asource and a drain of the seventh transistor
37 is electrically connected to the power supply line 51, and a
gate thereof is electrically connected to the third input termi-
nal 23.

[0111] One of a source and a drain of the eighth transistor
38 is electrically connected to the gate ofthe second transistor
32, the other of the source and the drain thereof is electrically
connected to the other of the source and the drain of the
seventh transistor 37, and a gate thereof is electrically con-
nected to the second input terminal 22.

[0112] Oneofa source and a drain of the ninth transistor 39
is electrically connected to the other of the source and the
drain of the first transistor 31 and the other of the source and
the drain of the second transistor 32, the other of the source
and the drain thereof is electrically connected to a gate of the
third transistor 33, and a gate thereof is electrically connected
to the power supply line 51.

[0113] One ofasource and a drain of the tenth transistor 40
is electrically connected to the first input terminal 21, the
other of the source and the drain thereof is electrically con-
nected to the second output terminal 27, and a gate thereof'is
electrically connected to the other of the source and the drain
of the ninth transistor 39.

[0114] Oneofasource and a drain of the eleventh transistor
41 is electrically connected to the power supply line 52, the
other of the source and the drain thereof is electrically con-
nected to the second output terminal 27, and a gate thereof'is
electrically connected to the gate of the second transistor 32.
[0115] In FIG. 15C, a portion where the gate of the third
transistor 33, the gate of the tenth transistor 40, and the other
of the source and the drain of the ninth transistor 39 are
connected to one another is referred to as a node NA. In
addition, a portion where the gate of the second transistor 32,
the gate ofthe fourth transistor 34, the other of the source and
the drain of the fifth transistor 35, the other of the source and
the drain of the sixth transistor 36, the other of the source and
the drain of the eighth transistor 38, and the gate of the
eleventh transistor 41 are connected to one another is referred
to as a node NB.

[0116] For example, in the first pulse output circuit 10_1,
the first clock signal CK1 is input through the first input
terminal 21, the second clock signal CK2 is input through the
second input terminal 22, the third clock signal CK3 is input
through the third input terminal 23, the start signal SP1 is
input to the fourth input terminal 24, and a signal output
through the first output terminal 26 of the third pulse output
circuit 10_3 is input through the fifth input terminal 25. In
addition, the first pulse output circuit 10_1 outputs a pulse
signal through the first output terminal 26, and outputs a
signal OUT(1) through the second output terminal 27.
[0117] A timing chart of the signals in the shift register
shown in FIGS. 5A to 5C is illustrated in FIG. 6. In the case
where the shift register is included in a scan line driver circuit,
aperiod 61 in FIG. 6 corresponds to a vertical retrace period
and a period 62 corresponds to a gate selection period.
[0118] The liquid crystal display device to which the driv-
ing method of the liquid crystal display device which is one
embodiment of the present invention can be applied can dis-
play astill image and a moving image and display a still image
by refresh operation without constantly operating the driver
circuit portion. A signal or voltage supply operation to each
wiring in the case where a moving image is displayed after the
stillimage display is displayed and a stop operation of a signal
or voltage supply to each wiring of the driver circuit portion at
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the time of a rewriting operation (refresh operation) of a
voltage applied to the liquid crystal element in the scan line
driver circuit or the signal line driver circuit using the shift
register shown as an example in FIGS. 5A to 5C is described
below with reference to FIG. 7. FIG. 7 illustrates changes in
voltages, before and after a first frame period (T1), of a wiring
for supplying the high power supply voltage (VDD), a wiring
for supplying the low power supply voltage (VSS), a wiring
for supplying the start signal (SP1), and wirings for supplying
the first to fourth clock signals CK1 to CK4 to the shift
register.

[0119] As shown in FIG. 7, according to the operation of
the shift register of this embodiment, a period in which the
high power supply voltage and control signals such as the first
to fourth clock signals and the start signal are supplied and a
period in which the control signals are not supplied exist. The
first frame period T1 in FIG. 7 corresponds to the period in
which the control signals are supplied, in other words, a
period in which a moving image is displayed or a period in
which refresh operation is performed. A second frame period
T2 in FIG. 7 corresponds to the period in which the control
signals are not supplied, in other words, a period in which a
still image is displayed.

[0120] In FIG. 7, a period in which the high power supply
voltage is supplied is not only in the first frame period but also
in a part of the second frame period which moves to/from the
first frame. Also in FIG. 7, a period in which one or more of
the first to fourth clock signals is supplied is after the supply
of the high power supply voltage is started and before the
supply is stopped.

[0121] Further, as shown in FIG. 7, the wirings for supply-
ing the first to fourth clock signals CK1 to CK4 may be set
such that they become high once before the first frame period,
then start oscillating their respective clock signals CK1 to
CK4 at a constant frequency, and they become low once after
the first frame period, and then stop oscillating the clock
signals.

[0122] As described above, in the shift register of this
embodiment, the supply of the high power supply voltage and
the control signals such as the first to fourth clock signals and
the start signal to the shift register is stopped in the beginning
or the ending of the second frame period. In addition, in the
period in which the supply of the high power supply voltage
and the control signals such as the first to fourth clock signals
and the start signal is stopped, an output of the pulse signal
from the shift register is also stopped. Accordingly, power
consumption of the shift register and power consumption of
the pixel portion which is driven by the shift register can be
reduced.

[0123] Inthe period in which the supply of the high power
supply voltage to the shift register is stopped, the voltage of
the wiring for supplying the high power supply voltage can
have the same value as the low power supply voltage (Vss) as
shown in FIG. 7. The wiring for supplying the high power
supply voltage may be in a floating state, thereby stopping the
supply of the high power supply voltage.

[0124] When the voltage of the wiring for supplying the
high power supply voltage is increased, that is, the voltage is
increased from the low power supply voltage to the high
power supply voltage before the first frame period, it is pref-
erable to control the voltage of the wiring so as to change
gradually. This is because, in the case where the voltage ofthe
wiring for supplying the high power supply voltage is
increased, a steep change of the voltage of the wiring may
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become noise, which may fluctuate the waveform of the pulse
signal output from the shift register and may change the
voltage applied to the liquid crystal element due to this fluc-
tuation of the waveform, which leads to a change of a still
image. In view of the above, FIG. 7 illustrates an example in
which arise in the voltage of the wiring for supplying the high
power supply voltage is more gradual than a fall in the same.
Particularly, in the shift register of this embodiment, the sup-
ply of the high power supply voltage is stopped or restarted as
appropriate in a period in which a still image is displayed on
the pixel portion. In other words, since a fluctuation in the
voltage for supplying the high power supply voltage which
enters the pixel portion as a noise leads to deterioration of the
display quality, it is important to perform control such that the
fluctuation in the voltage for supplying the high power supply
voltage (particularly, an increase in the voltage) does not enter
the pixel portion as a noise.

[0125] This embodiment can be combined with or replaced
by any of other embodiments as appropriate.

Embodiment 3

[0126] In Embodiment 3, an example of a transistor which
is applicable as the transistor included in the liquid crystal
display device described in Embodiment 1 will be described.
[0127] A transistor in this embodiment is described below
with reference to FIGS. 8A to 8D. FIGS. 8A to 8D are views
for illustrating the transistor described in Embodiment 1.
[0128] A process for manufacturing a transistor 410 over a
substrate 400 is described below with reference to FIGS. §A
to 8D.

[0129] First, a conductive film is formed over the substrate
400 having an insulating surface, a resist mask is formed over
the conductive film by a first photolithography process, and
then, the conductive film is etched using the resist mask, so
that a gate electrode layer 411 is formed. After that, the resist
mask is removed. The resist mask may be formed by an inkjet
method. Formation of a resist mask by an inkjet method does
not use a photomask, so that the manufacturing cost can be
reduced.

[0130] Although there is no particular limitation on a sub-
strate which can be used as the substrate 400 having an
insulating surface, it is necessary that the substrate have at
least enough heat resistance to a heat treatment performed
later. For example, as the substrate 400, a glass substrate of
barium borosilicate glass, aluminoborosilicate glass, or the
like can be used. As a glass substrate, if the temperature of the
heat treatment performed later is high, a glass substrate whose
strain point is 730° C. or higher is preferably used.

[0131] In the transistor in this embodiment, an insulating
film which functions as a base film may be provided between
the substrate 400 and the gate electrode layer 411. The base
film has a function of preventing diffusion of an impurity
element from the substrate 400, and can be formed with a
single film or a plurality of films using one or more ofa silicon
nitride film, a silicon oxide film, a silicon nitride oxide film,
and a silicon oxynitride film.

[0132] The gate electrode 411 can be formed with a single
layer or a plurality of stacked layers using one or more
selected from metals such as molybdenum, titanium, chro-
mium, tantalum, tungsten, aluminum, copper, neodymium,
scandium, and the like and alloy materials using such a metal
as a main component.

[0133] For example, the gate electrode 411 can be formed
with a stacked layer in which a molybdenum layer is stacked
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on an aluminum layer, a stacked layer in which a molybde-
num layer is stacked on a copper layer, a stacked layer in
which a titanium nitride layer or a tantalum nitride layer is
stacked on a copper layer, or a stacked layer in which a
titanium nitride layer and a molybdenum layer are stacked.
Alternatively, the gate electrode 411 can be formed with a
stacked layer in which a tungsten layer or a tungsten nitride
layer, an alloy layer of aluminum and silicon or an alloy layer
of aluminum and titanium, and a titanium nitride layer or a
titanium layer are stacked.

[0134] Next, a gate insulating layer 402 is formed over the
gate electrode layer 411.

[0135] The gate insulating layer 402 can be formed to have
a single-layer structure or a stacked-layer structure including
one or more selected from a silicon oxide layer, a silicon
nitride layer, a silicon oxynitride layer, a silicon nitride oxide
layer, and an aluminum oxide layer by a plasma CVD
method, a sputtering method, or the like. For example, a
silicon oxynitride layer may be formed using a deposition gas
containing silane (SiH,), oxygen, and nitrogen by a plasma
CVD method. A layer including a high-k material such as
hafnium oxide (HfO,) or tantalum oxide (TaO,) can be used
as the gate insulating layer 402. The thickness of the gate
insulating layer 402 is greater than or equal to 100 nm and less
than or equal to 500 nm in this embodiment; in the case of a
stacked-layer structure, for example, the gate insulating layer
402 is formed by stacking a first gate insulating layer with a
thickness greater than or equal to 50 nm and less than or equal
to 200 nm and a second gate insulating layer with a thickness
greater than or equal to 5 nm and less than or equal to 300 nm.

[0136] In this embodiment, a silicon oxynitride layer hav-
ing a thickness of 100 nm is formed by a plasma CVD method
as the gate insulating layer 402.

[0137] Note that as the gate insulating layer 402, a silicon
oxynitride film may be formed using a high-density plasma
apparatus. Here, the high-density plasma apparatus refers to
an apparatus which can realize a plasma density higher than
or equal to 1x10""/cm>. For example, plasma is generated by
applying a microwave power higher than or equal to 3 kW and
lower than or equal to 6 kW so that an insulating film is
formed.

[0138] For example, silane (SiH,), nitrous oxide (N,O),
and a rare gas are introduced into a chamber as a source gas
and a pressure higher than or equal to 10 Pa and lower than or
equal to 30 Pa is applied, which is followed by application of
high-density plasma, so that an insulating film is formed over
the substrate having an insulating surface, such as a glass
substrate. After that, the supply of silane (SiH,) may be
stopped, and nitrous oxide (N,O) and a rare gas may be
introduced without exposure of the insulating film to the air to
perform plasma treatment on a surface thereof. The insulating
film formed through the above process can ensure the reli-
ability even if the thickness is as small as 100 nm.

[0139] At the time of the formation of the gate insulating
layer 402, the flow ratio of silane (SiH,) to nitrous oxide
(N,O) which are introduced into the chamber is in the range
of 1:10to 1:200. As the rare gas which is introduced into the
chamber, helium, argon, krypton, xenon, or the like can be
used; of these, argon, which is inexpensive, is preferably
used.

[0140] Since the insulating film formed using the high-
density plasma apparatus can have uniform thickness, the
insulating film has high step coverage. Further, as for the
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insulating film formed using the high-density plasma appa-
ratus, the thickness of a thin film can be controlled precisely.
[0141] The insulating film formed through the above pro-
cess 1s greatly different from the insulating film formed using
a conventional parallel plate plasma CVD apparatus. The
etching rate of the insulating film formed through the above
process is lower than that of the insulating film formed using
the conventional parallel plate plasma CVD apparatus by
10% or more or 20% or more with the use of the same etchant,
which means that the insulating film formed using the high-
density plasma apparatus is a dense film.

[0142] An oxide semiconductor (a highly purified oxide
semiconductor) layer which is made to be intrinsic (i-type) or
substantially intrinsic in a later step is highly sensitive to an
interface state and interface charge; thus, an interface
between the oxide semiconductor layer and the gate insulat-
ing layer is important. For that reason, the gate insulating
layer that is to be in contact with the highly-purified oxide
semiconductor needs to have high quality. For example, an
insulating film is formed using a high-density plasma CVD
apparatus with microwaves (2.45 GHz), so that a high-quality
insulating film which is dense and has high dielectric strength
voltage can be formed. The highly purified oxide semicon-
ductor layer is in contact with the high-quality gate insulating
layer, whereby the interface states can be reduced and inter-
face properties can be favorable. As described above, it is
important to form a favorable interface with lower interface
state density between the oxide semiconductor layer and the
gate insulating layer in addition to forming a gate insulating
layer with high film quality.

[0143] Next, an oxide semiconductor film 430 is formed to
athickness greater than or equal to 2 nm and less than or equal
to 200 nm over the gate insulating layer 402. Before the oxide
semiconductor film 430 is formed by a sputtering method,
powdery substances (also referred to as particles or dust)
which are attached on a surface of the gate insulating layer
402 are preferably removed by reverse sputtering in which an
argon gas is introduced and plasma is generated. The reverse
sputtering refers to a method in which, without application of
a voltage to a target side, an RF power source is used for
application of a voltage to a substrate side in an argon atmo-
sphere so that plasma is generated to modify the surface of the
substrate. Instead of the argon atmosphere, a nitrogen atmo-
sphere, a helium atmosphere, an oxygen atmosphere, or the
like may be used.

[0144] As the oxide semiconductor film 430, any of the
following oxide semiconductor films can be used: an
In—Ga—7n—0-based oxide semiconductor film; an
In—Sn—O-based oxide semiconductor film; an In—Sn—
7Zn—~0-based oxide semiconductor film; an In—Al—7Zn—
O-based oxide semiconductor film; a Sn—Ga—Zn—O-
based oxide semiconductor film; an Al—Ga—Z7n—0-based
oxide semiconductor film; an Sn—Al—Zn—O-based oxide
semiconductor film; an In—7n—0-based oxide semicon-
ductor film; a Sn—Zn—0O-based oxide semiconductor film;
an Al—Zn—0-based oxide semiconductor film; an In—O-
based oxide semiconductor film; a Sn—O-based oxide semi-
conductor film; and a Zn—O-based oxide semiconductor
film. For example, in the case of using an In—Ga—Z7n—0O-
based oxide semiconductor film, it is preferable that the thick-
ness thereof is greater than or equal to 5 nm and less than or
equal to 200 nm. In this embodiment, a 20-nm-thick
In—Ga—7n—0-based oxide semiconductor film is formed
by a sputtering method using an In—Ga—Z7n—O0-based
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metal oxide target as the oxide semiconductor film 430. A
cross-sectional view in this step is FIG. 8A. The oxide semi-
conductor film 430 can be formed by a sputtering method in
a rare gas (typically argon) atmosphere, an oxygen atmo-
sphere, or an atmosphere including a rare gas (typically
argon) and oxygen. In the case of using a sputtering method,
it is preferable to use a target containing SiO, at 2 wt % to 10
wt % to make SiO, (x>0) that inhibits crystallization be con-
tained in the oxide semiconductor film in order to suppress
crystallization at the time ofheat treatment for dehydration or
dehydrogenation in a later step.

[0145] In this embodiment, the oxide semiconductor film
430 is formed as follows: a metal oxide target containing In,
Ga, and Zn (In,05:Ga,05:Zn0=1:1:1 [in a molar ratio],
In:Ga:Zn=1:1:0.5 [in an atomic ratio]) is used; the distance
between the substrate and the target is 100 mm,; the pressure
is 0.2 Pa; the direct current (DC) power is 0.5 kW; and the
atmosphere is a mixed atmosphere of argon and oxygen (at-
gon:oxygen=30 sccm:20 sccm, the oxygen flow rate is 40%).
A pulse direct current (DC) power supply is preferably used
because powder substances generated at the time of film
deposition can be reduced and the film thickness can be made
uniform. As the metal oxide target containing In, Ga, and Zn,
a target having a composition ratio of In:Ga:Zn=1:1:1 [in an
atomic ratio] or a target having a composition ratio of In:Ga:
Zn=1:1:2 [in an atomic ratio| can alternatively be used.
[0146] Examples of the sputtering method include an RF
sputtering method using a high-frequency power source as a
sputtering power source, a DC sputtering method using a DC
power source as a sputtering power source, and a pulsed DC
sputtering method in which a bias is applied in a pulsed
manner. The RF sputtering method is mainly used in the case
of forming an insulating film, and the DC sputtering method
1s mainly used in the case of forming a metal film.

[0147] Further, there is a sputtering method using a multi-
source sputtering apparatus in which a plurality of targets of
different materials can be set. With the multi-source sputter-
ing apparatus, films of different materials can be deposited to
be stacked in the same chamber, and plural kinds of materials
can be deposited by electric discharge at the same time in the
same chaniber.

[0148] In addition, there are a magnetron sputtering
method using a sputtering apparatus provided with a magnet
system inside the chamber, and an ECR sputtering method
using plasma generated with the use of microwaves without
using glow discharge.

[0149] Further, as other examples of the sputtering method,
there are also a reactive sputtering method in which a target
substance and a sputtering gas component are chemically
reacted with each other during film formation to deposita thin
compound film thereof, and a bias sputtering method in which
a voltage is also applied to a substrate during film formation.
[0150] Next, a resist mask is formed over the oxide semi-
conductor film 430 by a second photolithography process,
and then, the oxide semiconductor film 430 is etched using
the resist mask, so that the oxide semiconductor film 430 is
processed into an island-shaped oxide semiconductor layer.
After that, the resist mask is removed.

[0151] Next, dehydration or dehydrogenation of the oxide
semiconductor layer is performed. The dehydration or dehy-
drogenation is carried out by conducting a first heat treatment
and a second heat treatment. The temperature of the first heat
treatment is higher than or equal to 400° C. and lower than or
equal to 750° C., preferably higher than or equal to 400° C.
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and lower than the strain point of the substrate. In this
embodiment, the substrate is introduced into an electric fur-
nace which is one of heat treatment apparatuses, and heat
treatment is performed on the oxide semiconductor layer in a
nitrogen atmosphere at 450° C. for one hour. Then, the oxide
semiconductor layer is cooled without exposure to the air in
order to prevent entry of water and hydrogen into the oxide
semiconductor layer, whereby an oxide semiconductor layer
431 is obtained (FIG. 8B).

[0152] The heat treatment apparatus is not limited to an
electric furnace, and may be provided with a device for heat-
ing 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 (lamp rapid thermal anneal)
apparatus can be used. The LRTA apparatus is an apparatus
for heating an object by radiation of light (an electromagnetic
wave) emitted from a lamp such as a halogen lamp, a metal
halide lamp, a xenon arc lamp, a carbon arc lamp, a high
pressure sodium lamp, or a high pressure mercury lamp. The
GRTA apparatus is an apparatus for heat treatment using a
high-temperature gas. As the gas, an inert gas which does not
react with the object by heat treatment, like nitrogen or a rare
gas such as argon is used.

[0153] For example, as the first heat treatment, GRTA may
be performed in which the substrate is transferred into a
chamber filled with an inert gas heated to a high temperature
as high as 650° C. to 700° C., heated for several minutes, and
taken out from the inert gas. With GRTA, high-temperature
heat treatment for a short period of time can be achieved.
[0154] Itis preferable that in the first heat treatment, water,
hydrogen, or the like be not contained in nitrogen or the rare
gas such as helium, neon, or argon. Alternatively, the purity of
nitrogen or the rare gas such as helium, neon, or argon intro-
duced in the heat treatment apparatus is preferably 6N (99.
9999%) or higher, far preferably 7N (99.99999%) or higher
(that is, the concentration of impurities is preferably 1 ppm or
less, far preferably 0.1 ppm or less).

[0155] The first heat treatment may be performed on the
oxide semiconductor film 430 before being processed into the
island-shaped oxide semiconductor layer. In that case, after
the first heat treatment, the substrate is extracted from the heat
treatment apparatus, and then the second photolithography
process is performed.

[0156] The first heat treatment for dehydration or dehydro-
genation of the oxide semiconductor layer may be performed
atany ofthe following timings: after the oxide semiconductor
layer is formed; and after a source electrode layer and a drain
electrode layer are formed over the oxide semiconductor
layer.

[0157] In the case where an opening is formed in the gate
insulating layer 402, the opening may be formed in the gate
insulating layer 402 before or after the dehydration or dehy-
drogenation of the oxide semiconductor film 430

[0158] The etching of the oxide semiconductor film 430 in
this embodiment is not limited to wet etching; dry etching
may be employed.

[0159] As an etching gas for the dry etching, a gas contain-
ing chlorine (chlorine-based gas such as chlorine (Cl,), boron
trichloride (BCl,), silicon tetrachloride (SiCl,), or carbon
tetrachloride (CCl,)) is preferably used.

[0160] Alternatively, a gas containing fluorine (fluorine-
based gas such as carbon tetrafluoride (CF,,), sulfur hexafluo-
ride (SF¢), nitrogen trifluoride (NF;), or trifluoromethane
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(CHEF,)); hydrogen bromide (HBr); oxygen (0,); any of these
gases to which a rare gas such as helium (He) or argon (Ar) is
added; or the like can be used as the etching gas for the dry
etching.

[0161] As the dry etching method, a parallel plate RIE
(reactive ion etching) method or an ICP (inductively coupled
plasma) etching method can be used. In order to etch into an
appropriate shape, etching conditions (electric power applied
to an electrode coil, electric power applied to an electrode on
a substrate side, the temperature of the electrode on the sub-
strate side, or the like) are adjusted as appropriate.

[0162] As an etchant used for the wet etching, a mixed
solution of phosphoric acid, acetic acid, and nitric acid, or the
like can be used. ITOO7N (produced by KANTO CHEMI-
CAL CO., INC.) may be used as well.

[0163] The etchant after the wet etching is removed
together with the etched material by cleaning. The waste
liquid including the etchant and the etched material may be
purified and any material contained in the etched material
may be reused. For example, indium contained in the oxide
semiconductor layer is collected from the waste liquid after
the etching and recycled, so that resources can be effectively
used and cost can be reduced.

[0164] Also in the wet etching, in order to etch into an
appropriate shape, etching conditions (an etchant, etching
time, temperature, and the like) are adjusted as appropriate
depending on the material.

[0165] Next,ametal conductive filmis formed over the gate
insulating layer 402 and the oxide semiconductor layer 431.
For example, a metal conductive film may be formed by a
sputtering method or a vapor deposition method. As a mate-
rial of the metal conductive film, it is possible to use an
element selected from aluminum (Al), chromium (Cr), cop-
per (Cu), tantalum (Ta), titanium (Ti), molybdenum (Mo),
and tungsten (W), an alloy containing any of the elements as
a component, an alloy combining the elements, or the like.
Alternatively, one or more materials selected from manga-
nese (Mn), magnesium (Mg), zirconium (Zr), beryllium (Be),
and yttrium (Y) may be used. Further, the metal conductive
film may have a single-layer structure or a stacked-layer
structure of two or more layers. For example, as examples of
the metal conductive film, the following can be given: a single
layer of an aluminum film containing silicon; a single layer of
a copper film or a film containing copper as a main compo-
nent; a stacked layer in which a titanium film is stacked on an
aluminum film; a stacked layer in which a copper film is
stacked on a tantalum nitride film or a copper nitride film; a
stacked layer in which an aluminum film is stacked on a
titanium film, and a titanium film is stacked on the aluminum
film; and the like. Alternatively, a film, an alloy film, or a
nitride film which contains aluminum (Al) and one or a plu-
rality of elements selected from titanium (Ti), tantalum (Ta),
tungsten (W), molybdenum (Mo), chromium (Cr), neody-
mium (Nd), and scandium (Sc) may be used.

[0166] In the case where the first heat treatment is per-
formed after formation of the metal conductive film, it is
preferable that the metal conductive film have heat resistance
enough to withstand the first heat treatment.

[0167] Next, a resist mask is formed over the metal condu-
cive film by a third photolithography process, and then, the
metal conducive film is etched using the resist mask, so thata
source electrode layer 4154 and a drain electrode layer 4156
are formed. After that, the resist mask is removed (see FIG.
8C).
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[0168] Materials and etching conditions are adjusted as
appropriate so that the oxide semiconductor layer 431 is not
removed by the etching of the metal conductive film.

[0169] In this embodiment, a titanium film is used as the
metal conductive film, an In—Ga—Zn—O-based oxide
semiconductor layer is used as the oxide semiconductor layer
431, and an ammonia hydrogen peroxide solution (a mixture
of ammonia, water, and a hydrogen peroxide solution) is used
as an etchant of the titanium film.

[0170] The third photolithography process may also etch
part of the oxide semiconductor layer 431 so that a groove (a
depressed portion) is formed in the oxide semiconductor
layer. The resist mask used in this step may be formed by an
inkjet method. Formation of the resist mask by an inkjet
method needs no photomask; thus, manufacturing cost can be
reduced.

[0171] Inorderto reduce thenumber of photomasks and the
number of steps in the photolithography process, the etching
may be performed with the use of a resist mask formed using
a multi-tone mask which is a photomask through which light
is transmitted to have a plurality of intensities. Since the resist
mask formed using a multi-tone mask has a plurality of thick-
nesses and can be further changed in shape by ashing, the
resist mask can be used in a plurality of etching steps to form
different patterns. Therefore, a resist mask corresponding to
at least two kinds of different patterns can be formed by one
multi-tone mask. Thus, the number of photomasks can be
reduced, which leads to simplification of the manufacturing
process.

[0172] Next, plasma treatment using a gas of nitrous oxide
(N,O), nitrogen (N,), or argon (Ar) is performed. By this
plasma treatment, adsorbed water and the like attached to an
exposed surface of the oxide semiconductor layer are
removed. Plasma treatment may be performed using a mix-
ture gas of oxygen and argon as well.

[0173] An oxide insulating layer 416 which serves as a
protective insulating film and is in contact with part of the
oxide semiconductor layer is next formed without exposure to
the air after the plasma treatment.

[0174] The oxide insulating layer 416 can be formed to a
thickness of at least 1 nm by a method with which impurities
such as water or hydrogen do not enter the oxide insulating
layer 416, such as a sputtering method. as appropriate. Hydro-
gen contained in the oxide insulating layer 416 enters the
oxide semiconductor layer, which makes the resistance of the
backchannel of the oxide semiconductor layer 431 low
(makes the backchannel have an n-type conductivity) to form
a parasitic channel. Therefore, it is important that a formation
method in which hydrogen is not used is employed in order to
form the oxide insulating layer 416 containing as little hydro-
gen as possible.

[0175] In this embodiment, a 200-nm-thick silicon oxide
film is formed as the oxide insulating layer 416 by a sputtering
method. The substrate temperature in the film formation may
be higher than or equal to room temperature and lower than or
equal to 300° C. and is 100° C. in this embodiment. The
formation of a silicon oxide film by a sputtering method can
be performed in a rare gas (typically, argon) atmosphere, an
oxygen atmosphere, or an atmosphere of a rare gas (typically,
argon) and oxygen. A silicon oxide target or a silicon target
canbe used as a target. For example, the silicon oxide film can
be formed using a silicon target by a sputtering method in an
atmosphere containing oxygen and nitrogen.
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[0176] Next, a second heat treatment (preferably at a tem-
perature higher than or equal to 200° C. and lower than or
equal to 400° C., e.g., at a temperature higher than or equal to
250° C. and lower than or equal to 350° C.) is performed in an
inert gas atmosphere or an oxygen gas atmosphere. For
example, the second heat treatment is performed in a nitrogen
atmosphere at 250° C. for one hour. Through the second heat
treatment, part of the oxide semiconductor layer (a channel
formation region) is heated while being in contact with the
oxide insulating layer 416. Accordingly, oxygen is supplied
to the part of the oxide semiconductor layer 431 (the channel
formation region).

[0177] As described above, the oxide semiconductor layer
is subjected to the second heat treatment for dehydration or
dehydrogenation by which the part of the oxide semiconduc-
tor layer (channel formation region) is selectively made in an
oxygen-excess state. Consequently, a channel formation
region 413 which overlaps with the gate electrode layer 411
becomes an i-type, and a low-resistance region 414a whose
electrical resistance is lower than that of the channel forma-
tion region 413 and which overlaps with the source electrode
layer 415q and a low-resistance region 4145 whose electrical
resistance is lower than that of the channel formation region
413 and which overlaps with the drain electrode layer 4156
are formed in a self-aligned manner. Through the above-
described process, a transistor 410 is formed.

[0178] Forexample, with a gate bias-temperature stress test
(BT test) at 85° C. with 2x10° V/em for 12 hours, an impurity
contained in an oxide semiconductor layer causes the follow-
ing phenomenon: a bond between the impurity and a main
component of the oxide semiconductor layer is cleaved by a
high electrical field (B: bias) and high temperature (T: tem-
perature), and a generated dangling bond causes drift of the
threshold voltage (Vth). On the other hand, in the case where
impurities in an oxide semiconductor layer, particularly
hydrogen or water, are removed as much as possible and a
high-quality gate insulating layer which is dense and has high
dielectric strength voltage is formed using the above-de-
scribed high-density plasma CVD apparatus to provide high
interface properties between the gate insulating layer and the
oxide semiconductor layer, a transistor which is stable even
under the BT test can be provided.

[0179] Heat treatment may be further performed, after the
second heat treatment, at a temperature higher than or equal to
100° C. and lower than or equal to 200° C. for a period longer
than or equal to 1 hour and shorter than or equal to 30 hours
in the air. In this embodiment, the heat treatment is performed
at 150° C. for 10 hours. This heat treatment may be performed
at a fixed temperature. Alternatively, the following change in
the heating temperature may be repeated plural times: the
heating temperature is increased from room temperature to a
temperature higher than or equal to 100° C. and lower than or
equal to 200° C. and then decreased to room temperature.
This heat treatment may be performed under a reduced pres-
sure. Under the reduced pressure, the heat treatment time can
be shortened.

[0180] The formation of the low-resistance region 4145 in
the oxide semiconductor layer so as to overlap with the drain
electrode layer 4155 can improve the reliability of the tran-
sistor. Specifically, by the formation of the low-resistance
region 414b, a structure can be obtained in which the conduc-
tivity of the transistor can be varied gradually from the drain
electrode layer 4155 to the channel formation region 413
through the low-resistance drain region 4144.
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[0181] In the case where the thickness of the oxide semi-
conductor layer is as small as less than or equal to 15 nm, the
low-resistance region in the oxide semiconductor layer is
formed wholly in the thickness direction; in the case where
the thickness of the oxide semiconductor layer is as large as
greater than or equal to 30 nm and less than or equal to 50 nm,
part of the oxide semiconductor layer, which is in contact with
the source or drain electrode layer and in a peripheral thereof
is made to be the low-resistance region in which the resistance
is lower, and part of the oxide semiconductor layer, which is
close to the gate insulating layer can be made to be an i-type.

[0182] A protective insulating layer may be formed over
the oxide insulating layer 416. For example, a silicon nitride
film is formed by an RF sputtering method. The RF sputtering
method, which achieves high mass productivity, is preferable
as a formation method of the protective insulating layer. The
protective insulating layer is a layer in which impurities such
as moisture, a hydrogen ion, or an OW ion are not contained
or contained as little as possible. An inorganic insulating film
which blocks entry of them can be formed as the protective
insulating layer. As the inorganic insulating film, a silicon
nitride film, an aluminum nitride film, a silicon nitride oxide
film, an aluminum oxynitride film, or the like can be used. In
this embodiment, a silicon nitride film is formed as a protec-
tive insulating layer 403 (see FIG. 8D).

[0183] In this manner, the transistor included in the liquid
crystal display device of the above embodiment can be manu-
factured. One embodiment of the present invention is not
limited to the transistor; a multi-gate transistor having a plu-
rality of channel formation regions can be used as the tran-
sistor included in the liquid crystal display device of the above
embodiment, as appropriate. A top-gate transistor can be used
as the transistor included in the liquid crystal display device
of the above embodiment, as well. A channel-etched transis-
tor, a channel-stop transistor, a bottom-contact transistor, or
the like can also be used as the transistor included in the liquid
crystal display device of the above embodiment.

[0184] This embodiment can be combined with or replaced
by any of other embodiments as appropriate.

Embodiment 4

[0185] In Embodiment 4, an external appearance and a
cross section of an example of the liquid crystal display
device described in the above embodiment will be described
using FIGS. 9A to 9C. FIGS. 9A to 9C illustrate examples of
the liquid crystal display device of this embodiment: FIGS.
9A and 9C are plan views and FIG. 9B is a cross-sectional
view along line M-N in FIG. 9A or 9C.

[0186] In the liquid crystal display device shown in FIGS.
9A to 9C, a sealant 4005 is provided so as to surround a pixel
portion 4002 and a scan line driver circuit 4004 which are
provided over a first substrate 4001. In addition, a second
substrate 4006 is provided over the pixel portion 4002 and the
scan line driver circuit 4004. Thus, the pixel portion 4002 and
the scan line driver circuit 4004 in addition to a liquid crystal
layer 4008 are sealed between the first substrate 4001 and the
second substrate 4006 with the sealant 4005. Further, in the
liquid crystal display device shown in FIGS. 9A 10 9C, a
signal line driver circuit 4003 which is formed using a single
crystal semiconductor film or a polycrystalline semiconduc-
tor film over another substrate is mounted in a region that is
different from the region surrounded by the sealant 4005 over
the first substrate 4001.
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[0187] There is no particular limitation on the connection
method of a driver circuit which is separately formed; a COG
method, a wire bonding method, a TAB method, or the like
can be used. FIG. 9A illustrates an example in which the
signal line driver circuit 4003 is mounted by a COG method,
and FIG. 9C illustrates an example in which the signal line
driver circuit 4003 is mounted by a TAB method.

[0188] Each of the pixel portion 4002 and the scan line
driver circuit 4004 which are provided over the first substrate
4001 includes a plurality of transistors. In FIG. 9B, a transis-
tor 4010 included in the pixel portion 4002 and a transistor
4011 included in the scan line driver circuit 4004 are illus-
trated as an example. Insulating layers 4041, 4042, and 4021
are provided over the transistors 4010 and 4011.

[0189] As any ofthe transistors 4010 and 4011, a transistor
including an oxide semiconductor layer functioning as a
channel formation layer can be used like the liquid crystal
display device of the above embodiment; for example, the
transistor described in Embodiment 3 can be used.

[0190] The transistor 4010 includes a gate electrode layer
4051, a gate insulating layer 4020 provided over the gate
electrode layer 4051, an oxide semiconductor layer 4052
provided over the gate electrode layer 4051 with the gate
insulating layer 4020 provided therebetween, and a source
electrode layer 4053 and a drain electrode layer 4054 pro-
vided over the oxide semiconductor layer 4052.

[0191] The transistor 4011 includes a gate electrode layer
4061, the gate insulating layer 4020 provided over the gate
electrode layer 4061, an oxide semiconductor layer 4062
provided over the gate electrode layer 4061 with the gate
insulating layer 4020 provided therebetween, and a source
electrode layer 4063 and a drain electrode layer 4064 pro-
vided over the oxide semiconductor layer 4062.

[0192] A conductive layer 4040 is provided over the insu-
lating layer 4021 so as to overlap with a channel formation
region of the oxide semiconductor layer 4062 in the transistor
4011. The provision of the conductive layer 4040 so as to
overlap with the channel formation region of the oxide semi-
conductor layer 4062 can reduce the amount of shift in the
threshold voltage of the transistor 4011 by external stress. The
conductive layer 4040 may have the same voltage as or have
voltage different from that of the gate electrode layer 4061 of
the transistor 4011 and can function as a second gat electrode
layer. The voltage of the conductive layer 4040 may be GND
or OV, or the conductive layer 4040 may be in a floating state.
The conductive layer 4040 is not necessarily provided.
[0193] A pixel electrode layer 4030 is provided so as to be
electrically connected to the source electrode layer 4053 or
the drain electrode layer 4054 of the transistor 4010 through
an opening in the insulating layers 4041, 4042, and 4021. A
counter electrode layer 4031 is provided to the second sub-
strate 4006. A portion where the pixel electrode layer 4030,
the counter electrode layer 4031, and the liquid crystal layer
4008 overlap with one another corresponds to a liquid crystal
element 4013. The pixel electrode layer 4030 and the counter
electrode layer 4031 are provided with an insulating layer
4032 and an insulating layer 4033 serving as alignment films,
respectively, and the liquid crystal layer 4008 is sandwiched
between the pixel electrode layer 4030 and the counter elec-
trode layer 4031 with the insulating layers 4032 and 4033
provided therebetween.

[0194] A light-transmitting substrate can be used as any of
the first substrate 4001 and the second substrate 4006; glass,
ceramics, or plastics can be used. As the plastics, a fiberglass-
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reinforced plastics (FRP) plate, a poly(vinyl fluoride) (PVF)
film, a polyester film, or an acrylic resin film can be used.
[0195] A spacer 4035 is provided between the insulating
layers 4032 and 4033. The spacer 4035 is a columnar partition
wall obtained by selective etching of an insulating film, and is
provided in order to control the distance (cell gap) between
the pixel electrode layer 4030 and the counter electrode layer
4031. A spherical spacer may be used as the spacer 4035.
[0196] Thecounter electrode layer 4031 is electrically con-
nected to a common voltage line provided over the same
substrate as the transistor 4010. With the use of a connection
portion with the common voltage line (also referred to as a
common connection portion), the counter electrode layer
4031 can be electrically connected to the common voltage
line via conductive particles arranged between the pair of
substrates.

[0197] The sealant 4005 contains conductive particles.
[0198] In the liquid crystal display device of this embodi-
ment, a liquid crystal showing a blue phase for which an
alignment film is not needed may be used as a liquid crystal
material of the liquid crystal layer 4008. The blue phaseis one
of the liquid crystal phases, which appears just before a cho-
lesteric phase changes into an isotropic phase while tempera-
ture of cholesteric liquid crystal is increased. Since the blue
phase appears only within a narrow range of temperatures, a
liquid crystal composition containing a chiral agent at greater
than or equal to 5 wt % is used for the liquid crystal layer 4008
in order to widen the temperature range. The liquid crystal
composition which includes a liquid crystal showing a blue
phase and a chiral agent has a short response time of 1 msec
or less and has optical isotropy, which makes the alignment
process unnecessary, and the viewing-angle dependence is
small. In addition, since an alignment film does not need to be
provided and rubbing treatment is also unnecessary, electro-
static discharge damage caused by the rubbing treatment can
be prevented and defects and damage of the liquid crystal
display device in the manufacturing process can be reduced.
Thus, productivity of the liquid crystal display device can be
increased. A transistor including an oxide semiconductor
layer particularly has a possibility that electric characteristics
of the transistor may fluctuate significantly by the static elec-
tricity and deviate from the design range. Therefore, it is more
effective to use a liquid crystal material showing a blue phase
for the liquid crystal display device including a transistor
including an oxide semiconductor layer.

[0199] In the liquid crystal display device of this embodi-
ment, a polarizing plate may be provided on the outer side of
the substrate (on the viewer side) and a coloring layer and an
electrode layer used in a display element may be sequentially
provided on the inner side of the substrate; alternatively, the
polarizing plate may be provided on the inner side of the
substrate. The stacked-layer structure of the polarizing plate
and the coloring layer may be set as appropriate in accordance
with materials of the polarizing plate and the coloring layer
and the condition of the manufacturing process. Further, a
light-blocking layer serving as a black matrix may be pro-
vided in a portion other than the display portion.

[0200] The insulating layer 4041 is in contact with parts of
the oxide semiconductor layers 4052 and 4062. A silicon
oxide layer can be used as the insulating layer 4041, for
example.

[0201] The insulating layer 4042 is provided on and in
contact with the insulating layer 4041. A silicon nitride layer
can be used as the insulating layer 4042, for example.
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[0202] The insulating layer 4021 is provided over the insu-
lating layer 4042. The insulating layer 4021 functions as a
planarization insulating layer for reducing roughness of a
surface of the transistor. An organic material having heat
resistance, such as a polyimide, an acrylic resin, a benzocy-
clobutene-based resin, a polyamide, or an epoxy resin can be
used for the insulating layer 4021. Other than such organic
materials, it is also possible to use a low-dielectric constant
material (a low-k material), a siloxane-based resin, PSG
(phosphosilicate glass), BPSG (borophosphosilicate glass),
or the like. The insulating layer 4021 may be formed by
stacking a plurality of insulating films formed of these mate-
rials.

[0203] There is no particular limitation on the formation
method of the insulating layer 4021. Depending on the mate-
rial, the following method can be used: a 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-jet method, a screen printing method, or an offset printing
method) e.

[0204] Thepixel electrode layer 4030 and the counter elec-
trode layer 4031 can be formed using a light-transmitting
conductive material such as indium tin oxide (ITO), indium
zine oxide (IZ0) in which zinc oxide (ZnO) is mixed in
indium oxide, a conductive material in which silicon oxide
(810,) is mixed in indium oxide, indium oxide, tin oxide,
indium oxide containing tungsten oxide, indium zinc oxide
containing tungsten oxide, indium oxide containing titanium
oxide, indium tin oxide containing titanium oxide, or the like.
In the case where a light-transmitting property is not needed
in a reflective liquid crystal display device, one or more kinds
of materials selected from metals 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), and silver (Ag); an alloy of these metals;
and nitrides of these metals can be used.

[0205] A conductive composition containing a conductive
high molecule (also referred to as a conductive polymer) can
be used for the pixel electrode layer 4030 and the counter
electrode layer 4031. The electrode layer formed using the
conductive composition has preferably a sheet resistance of
less than or equal to 10000 Q/square and a transmittance of
70% or more at a wavelength of 550 nm. Furthermore, the
resistivity of the conductive high molecule contained in the
conductive composition is preferably 0.1Q-cm or less.

[0206] Astheconductive high molecule, a so-called ri-elec-
tron conjugated conductive polymer can be used. Examples
thereof are polyaniline or a derivative thereof, polypyrrole or
a derivative thereof, polythiophene or a derivative thereof,
and a copolymer of two or more kinds of monomers of these
materials.

[0207] Further, a variety of signals and voltages 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. The FPC 4018 is electrically con-
nected to a terminal electrode 4016 through a connection
terminal electrode 4015 and an anisotropic conductive film
4019.

[0208] The connection terminal electrode 4015 is formed
using the same conductive film as the pixel electrode layer
4030 of the liquid crystal element 4013, and the terminal
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electrode 4016 is formed using the same conductive film as
the source electrode layer 4053 or the drain electrode layer
4054 of the transistor 4010.

[0209] Although FIGS. 9A to 9C illustrate an example in
which the signal line driver circuit 4003 is formed separately
and mounted on the first substrate 4001, however, one
embodiment of the present invention is not limited to this
structure. The scan line driver circuit may be separately
formed and then mounted, or only part ofthe signal line driver
circuit or part of the scan line driver circuit may be separately
formed and then mounted.

[0210] Further, a black matrix (a light-shielding layer); an
optical member (an optical substrate) such as a polarizing
member, a retardation member, or an anti-reflection member;
orthelike can be provided as appropriate for the liquid crystal
display device shown in any of FIGS. 9A to 9C. For example,
circular polarization may be obtained by using a polarizing
substrate and a retardation substrate as the optical member. In
addition, a backlight, a side light, or the like may be used as a
light source.

[0211] In an active matrix liquid crystal display device,
display patterns are formed on a screen by driving pixel
electrode layers arranged in a matrix. Specifically, voltage is
applied between a selected pixel electrode layer and a counter
electrode layer corresponding to the pixel electrode layer, and
thus, a liquid crystal layer disposed between the pixel elec-
trode layer and the counter electrode layer is optically modu-
lated. This optical modulation is recognized as a display
pattern by a viewer.

[0212] Further alternatively, in order to improve the mov-
ing-image characteristics of a liquid crystal display device, a
driving technique may be employed in which a plurality of
LED (light-emitting diode) light sources or a plurality of EL
light sources are used to form a surface light source as a
backlight, and each light source of the surface light source is
independently driven in a pulsed manner in one frame period.
As the surface light source, three or more kinds of LEDs may
be used and an LED emitting white light may be used. Since
a plurality of LEDs can be controlled independently, the light
emission timing of LEDs can be synchronized with the timing
at which a liquid crystal layer is optically modulated. Accord-
ing to this driving technique, part of LEDs can be turned off,
so that especially in the case of displaying an image in which
the proportion of a black image area in one screen is high,
power consumption can be reduced.

[0213] By combining such a driving technique, the display
characteristics of the liquid crystal display device described
in the above embodiment can be improved.

[0214] Since the transistor is easily broken due to static
electricity or the like, it is preferable that a protective circuit
be provided over the same substrate as the pixel portion and
the driver circuit portion. The protective circuit is preferably
formed using a non-linear element including an oxide semi-
conductor layer. For example, protective circuits are provided
between the pixel portion and a scan line input terminal and
between the pixel portion and a signal line input terminal. In
this embodiment, a plurality of protective circuits are pro-
vided so that the transistor in the pixel and the like are not
broken when a surge voltage due to static electricity or the like
is applied to a scan line, a signal line, or a capacitor bus line.
Therefore, the protective circuit is formed so that charge is
released to a common wiring when surge voltage is applied to
the protective circuit. Further, the protective circuit includes a
non-linear element arranged in parallel to the scan line. The
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non-linear element includes a two-terminal element such as a
diode or a three-terminal element such as a transistor. For
example, the non-linear element can be formed through the
same process as the transistor in the pixel portion. For
example, characteristics similar to those of a diode can be
obtained by connecting a gate to a drain of the non-linear
element.

[0215] As a display mode of the liquid crystal display
device of the present invention, the following can be used: a
twisted nematic (ITN) mode, an in-plane-switching (IPS)
mode, a fringe field switching (FFS) mode, an axially sym-
metric aligned micro-cell (ASM) mode, an optically compen-
sated birefringence (OCB) mode, a ferroelectric liquid crystal
(FLC) mode, an antiferroelectric liquid crystal (AFLC)
mode, or the like.

[0216] Thereis no particular limitation on the liquid crystal
of the liquid crystal display device of this embodiment; a TN
liquid crystal, an OCB liquid crystal, an STN liquid crystal, a
VA liquid crystal, an ECB liquid crystal, a GH liquid crystal,
apolymer dispersed liquid crystal, a discotic liquid crystal, or
the like can be used. Among these, the liquid crystal display
device of this embodiment is preferably a normally-black
liquid crystal panel, for example, a transmissive liquid crystal
display device employing a vertical alignment (VA) mode.
Some examples are given as the vertical alignment mode; for
example, an MVA (multi-domain vertical alignment) mode, a
PVA (patterned vertical alignment) mode, an ASV mode, or
the like can be employed.

[0217] In this manner, by using a transistor including an
oxide semiconductor layer functioning as a channel forma-
tion layer in the pixel portion of the liquid crystal display
device of this embodiment, the display device can display a
still image for a long period of time. Further, the driver circuit
portion can stop operating during a period in which a still
image is displayed, whereby power consumption can be
reduced.

[0218] This embodiment can be combined with or replaced
by any of other embodiments as appropriate.

Embodiment 5

[0219] In Embodiment 5, a liquid crystal display device
added with a touch panel function will be described as an
example of the liquid crystal display device described in the
above embodiment.

[0220] FIGS. 10A and 10B illustrate examples of a struc-
ture of the liquid crystal display device of this embodiment.
[0221] A liquid crystal display device shown in FIG. 10A
includes a liquid crystal display unit 6601 and a touch panel
unit 6602 which is provided so as to overlap with the liquid
crystal display unit 6601. The liquid crystal display unit 6601
and the touch panel unit 6602 are attached to each other with
a housing (case) 6603.

[0222] The liquid crystal display device described in the
above embodiment can be applied as the liquid crystal display
unit 6601.

[0223] As thetouch panel unit 6602, a resistive touch panel,
a surface capacitive touch panel, a projected capacitive touch
panel, or the like can be used as appropriate.

[0224] As shown in FIG. 10A, one example of the liquid
crystal display device of this embodiment has a structure in
which a liquid crystal display unit and a touch panel unit
which are separately manufactured overlap each other. With
this structure, manufacturing cost of the liquid crystal display
device added with a touch panel function can be reduced.
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[0225] A liquid crystal display device 6604 shown in FIG.
10B includes a plurality of pixels 6605 in a display portion,
and each pixel 6605 includes a photosensor 6606 and a liquid
crystal element 6607. The liquid crystal display device 6604
shown in FIG. 10B reads data as follows: an object data of
which is to be read (e.g., a finger or a pen) is moved to touch
or be close to the photosensor 6606 in the pixel 6605, and
photocurrent is generated with the photosensor 6606 in accor-
dance with reflected light from the object. The liquid crystal
display device 6604 shown in FIG. 10B does not, unlike the
liquid crystal display device shown in FIG. 10A, involve an
overlap of the touch panel unit 6602, so that the thickness of
the liquid crystal display device can be reduced. Further, in
addition to the pixel portion 6605, a scan line driver circuit
6608, a signal line driver circuit 6609, and a photosensor
driver circuit 6610 can be formed over the same substrate as
the pixel portion 6605, whereby the liquid crystal display
device can be downsized. The photosensor 6606 may be
formed using amorphous silicon or the like and overlapped
with a transistor including an oxide semiconductor.

[0226] By using a transistor including an oxide semicon-
ductor layer functioning as a channel formation layer in the
liquid crystal display device added with a touch panel func-
tion of this embodiment, the display device can display a still
image for a long period of time. Further, the driver circuit
portion can stop operating during a period in which a still
image is displayed, whereby power consumption can be
reduced.

[0227] This embodiment can be combined with or replaced
by any of other embodiments as appropriate.

Embodiment 6

[0228] InEmbodiment 6, an electronic book reader will be
described as an example of the liquid crystal display device
described in the above embodiment.

[0229] An electronic book reader of this embodiment is
described below using FIG. 11. FIG. 11 illustrates an example
of the electronic book reader of this embodiment.

[0230] The electronic book reader illustrated in FIG. 11
includes two housings, a housing 2701 and a housing 2703.
The housings 2701 and 2703 are connected by a hinge portion
2711 and can be opened or closed with the hinge portion
2711. With such a structure, the electronic book reader can
operate like a paper book.

[0231] A display portion 2705 and a display portion 2707
are incorporated in the housing 2701 and the housing 2703,
respectively. The display portion 2705 and the display portion
2707 may display different images. One image may be dis-
played across both the display portions. In the case of dis-
playing different images, for example, text can be displayed
ona display portion on the right side (the display portion 2705
in FIG. 11) and graphics can be displayed on a display portion
on the left side (the display portion 2707 in FIG. 11).

[0232] The example of the electronic book reader illus-
trated in FIG. 11 is provided with an operation portion and the
like for the housing 2701. For example, the housing 2701 is
provided with a power switch 2721, an operation key 2723, a
speaker 2725, and the like. With the operation key 2723,
pages can be turned. Further, a keyboard, a pointing device, or
the like may also be provided on the same plane as the display
portion of the housing. In addition, an external connection
terminal (an earphone terminal, a USB terminal, a terminal
connectable to a variety of cables such as an AC adapter and
a USB cable, or the like), a recording medium insertion por-
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tion, and the like may be provided on the rear surface or the
side surface of the housing. Further, a function of an elec-
tronic dictionary may be provided for the electronic book
reader illustrated in FIG. 11.

[0233] Theelectronic book reader of this embodiment may
transmit and receive data wirelessly. Through wireless com-
munication, book data or the like can be purchased and down-
loaded from an electronic book server.

[0234] Theelectronic book reader of this embodiment may
have a power supply circuit including a solar battery cell, a
power storage device for charging voltage output from the
solar battery cell, and a DC converter for converting a voltage
charged in the power storage device into respective voltages
for circuits. Accordingly, an external power supply is not
needed, and thus the electronic book reader can be used for a
long period of time even at a place with no power supply, so
that convenience can be improved. As the power storage
device, for example, one or more of a lithium ion secondary
battery, a lithium ion capacitor, an electric double-layer
capacitor, a redox capacitor, and the like can be used. For
example, a lithium ion secondary battery and a lithium ion
capacitor are used together, whereby a power storage device
which can charge or discharge at high speed and can supply
electric power for a long time can be formed. There is no
limitation the power storage device on the lithium ion sec-
ondary battery. For the power storage device, a secondary
battery in which another alkali metal ion, alkaline earth metal
ion, or the like is used as a mobile ion may be used. There is
no limitation also on the lithium ion capacitor. For the power
storage device, a capacitor in which another alkali metal ion,
alkaline earth metal ion, or the like is used as a mobileion may
be used.

[0235] By using a transistor including an oxide semicon-
ductor layer functioning as a channel formation layer in the
electronic book reader of this embodiment, the display device
can display a still image for a long period of time, which is
particularly effective for displaying a still image for a long
period of time on an electronic book reader. Further, the driver
circuit portion can stop operating during a period in which a
still image is displayed, whereby power consumption can be
reduced.

[0236] This embodiment can be combined with or replaced
by any of other embodiments as appropriate.

Embodiment 7

[0237] In Embodiment 7, an electronic device which has
the liquid crystal display device described in the above
embodiment in a display portion will be described.

[0238] By applying the liquid crystal display device
described in the above embodiment to display portions of a
variety of electronic devices, a variety of functions in addition
to a display function can be provided for the electronic
devices. Specific examples of the electronic device in which
the liquid crystal display device described in the above
embodiment is applied to a display portion are described
below using FIGS. 12A to 12F. FIGS. 12A to 12F each
illustrate an example of a structure of an electronic device of
this embodiment.

[0239] FIG. 12A illustrates a personal digital assistant. The
personal digital assistant illustrated in FIG. 12A has at least a
display portion 1001. The personal digital assistant illustrated
in FIG. 12A can be combined with a touch panel or the like,
and can be used as an alternative to a variety of his/her
personal effects. For example, the display portion 1001 is
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provided with an operation portion 1002, so that the personal
digital assistant can be used as a mobile phone. The operation
portion 1002 is not necessarily provided for the display por-
tion 1001; an operation buttons/operation bottoms may be
provided anywhere for the personal digital assistant. More-
over, the personal digital assistant can be used as a notepad or
used as a handy scanner by using a document input-output
function. Further, the liquid crystal display device described
in the above embodiment can realize long intervals between
writing operations since a display period by one image-data
writing is long. Therefore, by using the liquid crystal display
device described in the above embodiment for the personal
digital assistant illustrated in FIG. 12A, eyestrain can be
suppressed even when images can be seen on the display
portion for a long period of time, for example.

[0240] FIG. 12B illustrates an information guide terminal
including an automotive navigation system, for example. The
information guide terminal illustrated in FIG. 12B has at least
a display portion 1101, and can also have operation buttons
1102, an external input terminal 1103, and the like. In-car
temperatures change greatly in accordance with the outside-
air temperature, and sometimes exceed 50° C. The liquid
crystal display device described in the above embodiment, the
characteristic change of which by the temperature is small, is
particularly effective under circumstances where the tem-
perature greatly changes such as the inside of a vehicle
[0241] FIG. 12C llustrates a laptop personal computer. The
laptop personal computer illustrated in FIG. 12C has a hous-
ing 1201, a display portion 1202, a speaker 1203, an LED
lamp 1204, a pointing device 1205, a connection terminal
1206, and a keyboard 1207. The liquid crystal display device
described in the above embodiment can realize long intervals
between writing operations since a display period by one
image-data writing is long. Therefore, by using the liquid
crystal display device described in the above embodiment for
the laptop personal computer illustrated in FIG. 12C, eye-
strain can be suppressed even when images can be seen on the
display portion for a long period of time, for example.
[0242] FIG. 12D illustrates a portable game machine. The
portable game machine illustrated in FIG. 12D has a first
display portion 1301, a second display portion 1302, a
speaker 1303, a connection terminal 1304, an LED lamp
1305, a microphone 1306, a recording medium reading por-
tion 1307, operation buttons 1308, and a sensor 1309. Further,
the liquid crystal display device described in the above
embodiment can realize long intervals between writing
operations since a display period by one image-data writing is
long. Therefore, by using the liquid crystal display device
described in the above embodiment for the portable game
machine illustrated in F1G. 12D, eyestrain can be suppressed
even when images can be seen on the display portion for a
long period of time, for example. Further, different images
can be displayed on the first display portion 1301 and the
second display portion 1302; for example, a moving image is
displayed on one of them and a still image is displayed on the
other. Accordingly, a signal or voltage supply to the driver
circuit portion for the display portion where a still image is
displayed can be stopped, whereby power consumption can
be reduced.

[0243] FIG. 12E illustrates a stationary information com-
munication terminal. The stationary information communi-
cation terminal illustrated in FIG. 12E has at least a display
portion 1401. The display portion 1401 can be provided on a
plane portion 1402. Further, operation buttons or the like can
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be provided for the plane portion 1402. The stationary infor-
mation communication terminal illustrated in FIG. 12E can
be used as an automated teller machine or an information
communication terminal (also referred to as a multimedia
station) for ordering information goods such as a ticket (in-
cluding a coupon). The liquid crystal display device
described in the above embodiment can realize long intervals
between writing operations since a display period by one
image-data writing is long. Therefore, by using the liquid
crystal display device described in the above embodiment for
the stationary information communication terminal illus-
trated in FIG. 12E, eyestrain can be suppressed even when
images can be seen on the display portion for a long period of
time, for example.

[0244] FIG. 12F illustrates adisplay. The display illustrated
in FIG. 12F has a housing 1501, a display portion 1502, a
speaker 1503, an LED lamp 1504, operation buttons 1505, a
connection terminal 1506, a sensor 1507, a microphone 1508,
and a support base 1509. The liquid crystal display device
described in the above embodiment can realize long intervals
between writing operations since a display period by one
image-data writing is long. Therefore, by using the liquid
crystal display device described in the above embodiment for
the display illustrated in FIG. 12F, eyestrain can be sup-
pressed even when images can be seen on the display portion
for a long period of time, for example.

[0245] By applying the liquid crystal display device
described in the above embodiment to display portions of
electronic devices, multifunctional electronic devices can be
provided.

[0246] This embodiment can be combined with any of
other embodiments as appropriate.

[0247] This application is based on Japanese Patent Appli-
cation serial No. 2009-288283 filed with Japan Patent Office
on Dec. 18, 2009, the entire contents of which are hereby
incorporated by reference.

1. (canceled)
2. A method for driving a liquid crystal display device, the
liquid crystal display device comprising:
a pixel portion comprising a plurality of pixels, one of the
plurality of pixels comprising:
aliquid crystal element comprising a first terminal and a
second terminal;
a capacitor comprising a first terminal and a second
terminal;
a transistor comprising:
a gate electrically connected to a scan line;
a first terminal electrically connected to a signal line;
and
a second terminal electrically connected to the first
terminal of the liquid crystal element and the first
terminal of the capacitor,
wherein the transistor comprises an oxide semiconduc-
tor layer comprising a channel formation region, the
method comprising:
supplving a potential of an image signal to the first terminal
of the liquid crystal element and the first terminal of the
capacitor in a first frame period;
stopping supply of the potential in second to n-th frame
periods, wherein n is a natural number larger than 1;
inverting a polarity of a voltage that is applied to the liquid
crystal element between the n-th frame period and a
(n+1)-th frame period; and
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compensating the voltage so that an absolute value of the
voltage in the n-th frame period is the same as an abso-
lute value of the voltage in the (n+1)-th frame period.

3. The method according to claim 2, wherein the voltage is
compensated by compensating a potential of the second ter-
minal ofthe liquid crystal element or a potential of the second
terminal of the capacitor.

4. The method according to claim 2, wherein the liquid
crystal element comprises a liquid crystal layer between the
first terminal of the liquid crystal element and the second
terminal of the liquid crystal element.

5. The method according to claim 2, wherein the oxide
semiconductor layer comprises indium, gallium, and zinc.

6. The method according to claim 2, wherein the voltage is
compensated when the absolute value of the voltage in the
n-th frame period is different from the absolute value of the
voltage in the (n+1)-th frame period.

7. The method according to claim 2, wherein a still image
is formed in the first to (n+1)-th frame periods.

8. The method according to claim 2, wherein a frame
frequency is lowered to one-tenth during compensating the
voltage.

9. A liquid crystal display device comprising:

a pixel portion comprising a plurality of pixels, one of the

plurality of pixels comprising:
aliquid crystal element comprising a first terminal and a
second terminal;
a capacitor comprising a first terminal and a second
terminal;
a transistor comprising:
a gate electrically connected to a scan line;
a first terminal electrically connected to a signal line;
and
a second terminal electrically connected to the first
terminal of the liquid crystal element and the first
terminal of the capacitor;

a driver circuit electrically connected to the pixel portion;

a display control circuit; and

a compensation circuit,

wherein the transistor comprises an oxide semiconductor

layer comprising a channel formation region,

wherein the display control circuit is capable of:

supplying a potential of an image signal to the driver
circuit in a first frame period; and

stopping supply of the potential in second to n-th frame
periods, wherein n is a natural number larger than 1;
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wherein the driver circuit is capable of supplying a poten-
tial to invert a polarity of a voltage that is applied to the
liquid crystal element between the n-th frame period and
a (n+1)-th frame period; and

wherein the compensation circuit is capable of compensat-
ing the voltage so that an absolute value of the voltage in
the n-th frame period is the same as an absolute value of
the voltage in the (n+1)-th frame period.

10. The liquid crystal display device according to claim 9,
further comprising a memory circuit, wherein the memory
circuit is capable of storing data of the first to n-th frame
periods.

11. The liquid crystal display device according to claim 9,
further comprising a comparison circuit,

wherein the comparison circuit is capable of comparing

data of a m-th frame period with data of a (m+1)-th
frame period,

wherein m is a natural number smaller than n, and

wherein the comparison circuit is capable of judging

whether the data of the m-th frame period is the same as
the data of the (m+1)-th frame period.

12. The liquid crystal display device according to claim 11,
further comprising a selection circuit, wherein the selection
circuit is capable of stopping supply of the image signal ofthe
(m+1)-th frame period to the display control circuit when the
comparison circuit judges the data of the (m+1)-th frame
period as being the same as the data of the m-th frame period.

13. The liquid crystal display device according to claim 9,
further comprising a counting circuit, wherein the counting
circuit is capable of counting number of continuous frame
periods that are judged as having the same data as the data of
the image signal.

14. The liquid crystal display device according to claim 9,
wherein the oxide semiconductor layer comprises indium,
gallium, and zinc.

15. The liquid crystal display device according to claim 9,
wherein the compensation circuit is capable of compensating
the data when the absolute value of the data in the n-th frame
period is different from the absolute value of the voltage in the
(n+1)-th frame period.

16. The liquid crystal display device according to claim 9,
wherein a still image is formed in the first to (n+1)-th frame
periods.
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