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(57) ABSTRACT

A liquid crystal display device includes a plurality of pixels
each including a transistor and a liquid crystal element, and a
driver circuit that inputs at least a video signal and a reset
signal to the plurality of pixels. The driver circuit makes the
polarity of the video signal inverted every m frames (m is a
natural number of 2 or more) and inputs the inverted video
signal to the pixel, and inputs the reset signal to the pixel
while not inputting the video signal.
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LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal dis-
play device and a method for driving the liquid crystal display
device.

[0003] 2. Description of the Related Art

[0004] A technique for forming a thin film transistor (TFT)
with the use of a semiconductor thin film formed over a
substrate having an insulating surface has attracted attention.
Thin film transistors are applied to a wide range of electronic
devices such as integrated circuits (ICs) and image display
devices (display devices).

[0005] An example of a display device including thin film
transistors is an active matrix liquid crystal display device in
which a thin film transistor is provided as a switching element
in each pixel. Liquid crystal display devices are used in vari-
ous fields ranging from portable devices such as mobile
phones and notebook computers to large devices such as
televisions. The reduction in power consumption is recog-
nized as a major challenge for such electronic devices includ-
ing a liquid crystal display device. For example, lower power
consumption of a portable device leads to longer continuous
operation time, and lower power consumption of a large tele-
vision or the like saves money in electricity.

[0006] In a liquid crystal display device, video signals are
always rewritten even while still images are displayed, and
the rewriting operation consumes power. As a method for
reducing such power consumption, for example, there has
been reported a technique in which in still image display, an
idle period that is longer than a scan period is provided as a
non-scan period each time after a screen is scanned once to
write video signals (e.g., see Patent Document 1 and Non-
Patent Document 1).

REFERENCE
[0007] Patent Document 1: U.S. Pat. No. 7,321,353
[0008] Non-Patent Document 1: K. Tsuda et al., IDW’02,

Proc., pp. 295-298

SUMMARY OF THE INVENTION

[0009] However, the above function of the liquid crystal
display device works only in still image display, and an idle
period cannot be provided in moving image display; thus,
power consumption cannot be reduced.

[0010] In view of the foregoing problem, an object of one
embodiment of the disclosed invention is to provide a liquid
crystal display device in which low power consumption is
achieved even in moving image display. In particular, an
object is to provide a liquid crystal display device in which
power consumption is low even in moving image display and
deterioration of liquid crystal elements is suppressed.

[0011] One embodiment of the disclosed invention is a
liquid crystal display device that includes a plurality of pixels
each including a transistor and a liquid crystal element elec-
trically connected to the transistor, and a driver circuit con-
figured to input at least a video signal and a reset signal to the
plurality of pixels. The driver circuit makes the polarity of the
video signal inverted every m frames (m is a natural number
of 2 or more) and inputs the inverted video signal to the pixels.
The driver circuit inputs the reset signal to the pixels while not
inputting the video signal.
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[0012] Inthe above liquid crystal display device, the driver
circuit preferably inputs, to the pixels, the reset signal that has
a potential approximately the same as a common potential
after a period during which the potential is higher than the
common potential and a period during which the potential is
lower than the common potential are repeated at least one
time. It is preferable that the transistor in the pixel be turned
off after making a potential difference between a pair of
electrodes of the liquid crystal element in the pixel approxi-
mately 0 V by inputting the reset signal. It is preferable that
supply of power be interrupted after the driver circuit inputs
the reset signal to all the plurality of pixels.

[0013] It is preferable that the above liquid crystal display
device also include a backlight emitting light to the plurality
of pixels and that the driver circuit input the reset signal to the
pixels while the backlight does not emit light. The driver
circuit preferably inputs the reset signal to the pixels at the
same time as when data in all the pixels are rewritten. Further,
it is possible that the liquid crystal display device also
includes a timer for activating the liquid crystal display device
ataset time, and the driver circuit inputs the reset signal to the
pixels when the liquid crystal display device is activated from
a power-off state by the timer.

[0014] A transistor including an oxide semiconductor is
preferably used as the transistor.

[0015] Note that in this specification and the like, the term
“approximately the same potential” means not only exactly
the same potential but also a potential with negligible differ-
ence. Further, in this specification and the like, the expression
“the potential difference is made approximately 0 V> means
not only that the potential difference is made exactly 0V but
also that a negligible potential difference is applied.

[0016] Note that in this specification and the like, the term
“over” or “below” does not necessarily mean that a compo-
nent is placed “directly on” or “directly under” another com-
ponent. For example, the expression “a gate electrode over a
gate insulating layer” can mean the case where there is an
additional component between the gate insulating layer and
the gate electrode.

[0017] In this specification and the like, the term “elec-
trode” or “wiring” does not limit a function of a component.
For example, an “electrode” is sometimes used as part of a
“wiring”, and vice versa. Moreover, the term “electrode” or
“wiring” can include the case where a plurality of “elec-
trodes” or “wirings” are formed in an integrated manner.
[0018] Functions of a “source” and a “drain” are sometimes
replaced with each other when a transistor of opposite polar-
ity is used or when the direction of current flowing is changed
in circuit operation, for example. Therefore, the terms
“source” and “drain” can be replaced with each other in this
specification and the like.

[0019] Note that in this specification and the like, the term
“electrically connected” includes the case where components
are connected through an object having any electric function.
There is no particular limitation on an object having any
electric function as long as electric signals can be transmitted
and received between components that are connected through
the object.

[0020] Examples of an object having any electric function
are a switching element such as a transistor, a resistor, an
inductor, a capacitor, and an element with a variety of func-
tions as well as an electrode and a wiring.

[0021] Oneembodiment of the disclosed invention can pro-
vide a liquid crystal display device in which low power con-



US 2014/0028645 Al

sumption is achieved even in moving image display, and in
particular, can provide a liquid crystal display device in which
power consumption is low even in moving image display and
deterioration of liquid crystal is suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] In the accompanying drawings:

[0023] FIG. 1 is a flowchart showing operation of a liquid
crystal display device in one embodiment of the disclosed
invention;

[0024] FIG. 2isablock diagram illustrating a liquid crystal
display device in one embodiment of the disclosed invention;
[0025] FIGS. 3A and 3B are timing charts showing opera-
tion of a liquid crystal display device in one embodiment of
the disclosed invention;

[0026] FIG.4isablock diagram illustrating a liquid crystal
display device in one embodiment of the disclosed invention;
[0027] FIGS. 5A and 5B are schematic diagrams for
explaining operation of a liquid crystal display device in one
embodiment of the disclosed invention;

[0028] FIG. 6is a timing chart showing operation of aliquid
crystal display device in one embodiment of the disclosed
invention;

[0029] FIGS. 7A and 7B are timing charts showing opera-
tion of a liquid crystal display device in one embodiment of
the disclosed invention;

[0030] FIG. 81is a timing chart showing operation of aliquid
crystal display device in one embodiment of the disclosed
invention;

[0031] FIGS.9A1 and 9A2 are top views and FIG. 9B is a
cross-sectional view of a liquid crystal display device in one
embodiment of the disclosed invention;

[0032] FIG. 10 is a cross-sectional view of a liquid crystal
element in a liquid crystal display device in one embodiment
of the disclosed invention;

[0033] FIGS. 11A and 11B are cross-sectional views each
illustrating a liquid crystal element in a liquid crystal display
device in one embodiment of the disclosed invention;
[0034] FIGS. 12A and 12B are cross-sectional views each
illustrating a liquid crystal element in a liquid crystal display
device in one embodiment of the disclosed invention;
[0035] FIGS. 13A to 13C each illustrate an electronic
device including a liquid crystal display device in one
embodiment of the disclosed invention;

[0036] FIGS. 14A to 14C each illustrate an electronic
device including a liquid crystal display device in one
embodiment of the disclosed invention; and

[0037] FIGS. 15A to 15C illustrate an electronic device
including a liquid crystal display device in one embodiment
of the disclosed invention.

DETAILED DESCRIPTION OF THE INVENTION

[0038] Embodiments of the present invention will be
described below in detail with reference to the accompanying
drawings. Note that the present invention is not limited to the
description below, and it is easily understood by those skilled
in the art that modes and details can be modified in various
ways without departing from the spirit and scope of the
present invention. In addition, the present invention is not
construed as being limited to the description of the embodi-
ments,

[0039] Note that the size, layer thickness, signal waveform,
and a region of each component illustrated in the drawings
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and the like in the embodiments are exaggerated for simplic-
ity in some cases. Therefore, embodiments of the present
invention are not limited to such scales.

[0040] Note that in this specification, ordinal numbers
“first”, “second”, “third”, and “N-th”” (N is a natural number)
are used in order to avoid confusion among components, and
the terms do not limit the number of components.

Embodiment 1

[0041] In this embodiment, a liquid crystal display device
in one embodiment of the disclosed invention and a method
for driving the liquid crystal display device will be described
with reference to FIG. 1, F1G. 2, FIGS. 3A and 3B, FIG. 4,
FIGS. 5A and 5B, FIG. 6, FIGS. 7A and 7B, and FIG. 8.
[0042] First, the method for driving a liquid crystal display
device shown in this embodiment will be described with
reference to a flowchart in FIG. 1.

[0043] As shown in FIG. 1, in the liquid crystal display
device of this embodiment, when supply of power is started,
video signals are input to pixels from a driver circuit. The
polarity of the inputted video signal is maintained for m
frames (m is a natural number of 2 or more). In other words,
the polarity of a video signal is inverted every m frames in the
liquid crystal display device of this embodiment. Here, for
example, an m-frame period is preferably about one second or
less to suppress deterioration of liquid crystal. However, an
m-frame period is not limited to the above and can be set as
appropriate in accordance with voltage applied to a liquid
crystal element, a liquid crystal material, or the like. Note that
the polarity of a video signal can be determined based on the
potential of a counter electrode (hereinafter referred to as
common potential), for example.

[0044] Next, a video signal with inverted polarity is input to
each pixel from the driver circuit, and the polarity of a video
signal is inverted again after an m-frame period. Subse-
quently, a video signal is repeatedly input to each pixel from
the driver circuit while its polarity is inverted every m frames,
whereby images are displayed.

[0045] 1In conventional inversion driving per frame, when
the level of voltage applied to a pixel is high, the amount of
change in video signals is large because of signal inversion
even if the level of the voltage does not change between
frames; thus, power consumption is increased. On the other
hand, in the method for driving the liquid crystal display
device in this embodiment, video signals with the same polar-
ity can be continuously written for an in-frame period or
longer, so that the amount of change in video signals can be
decreased to reduce power consumption. Further, the method
for driving the liquid crystal display device can be employed
to display both still images and moving images, leading to
lower power consumption even in moving image display.
[0046] As described above, the liquid crystal display device
in this embodiment can display images by input of video
signals to the pixels from the driver circuit. To set the liquid
crystal display device in a non-display state, a stop signal is
input to the driver circuit, and the above-described input cycle
of video signals is terminated. As shown in FIG. 1, when a
stop signal is input to the driver circuit, a reset signal is input
to each pixel from the driver circuit instead of a video signal.
When reset signals are input to all the pixels, supply of power
to the liquid crystal display device is interrupted.

[0047] Here, the stop signal is a signal for terminating an
image display state of the liquid crystal display device and
shifting the state to an image non-display state. For example,
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the stop signal may be a signal that can be transmitted with
direct control by a remote controller, button operation, or the
like; a signal that can be transmitted in response to measure-
ments ofa data signal that is the basis fora video signal, or the
like; or a signal that can be transmitted in response to mea-
surements of the amount of light from a backlight provided in
the liquid crystal display device, for instance.

[0048] The reset signal is input to each pixel to suppress
deterioration of liquid crystal. When an electric field with
positive or negative polarity continues to be applied to aliquid
crystal element for a long time, liquid crystal deteriorates and
the electrical characteristics of the liquid crystal element
become abnormal. As described above, in the method for
driving the liquid crystal display device in this embodiment,
video signals with the same polarity are continuously written
for an m-frame period or longer; thus, an electric field of the
same polarity is applied to the liquid crystal element for a
longer time than that in the conventional driving method in
which the polarity of a video signal is inverted every frame.

[0049] In the driving method of this embodiment, deterio-
ration of liquid crystal is suppressed by input of the reset
signal to a pixel after input of the stop signal. As the reset
signal, a potential that is inverted between positive and nega-
tive polarities at least one time is preferably input, for
example. In this case, the absolute values of the positive
potential and the negative potential are preferably as large as
possible. Note that like the polarity of a video signal, the
polarity of the reset signal can be determined based on the
common potential, for example. That is, in the reset signal, a
period during which the potential is higher than the common
potential and a period during which the potential is lower than
the common potential are repeated at least one time.

[0050] After a potential that is inverted in polarity at least
one time is input as the reset signal in the above manner, the
potential of the reset signal is preferably set at approximately
the same potential as the common potential. Further, afier the
potential difference between electrodes of the liquid crystal
element is made approximately 0 V in this manner, it is
preferable to turn off a transistor that is provided in a pixel and
electrically connected to the liquid crystal element.

[0051] It is preferable that the backlight do not emit light
when the reset signal is input. Inputting the reset signal with
the backlight off can prevent disturbance of images due to
input of the reset signal from being displayed. As described
above, making the stop signal in conjunction with lighting of
the backlight allows the reset signal to be easily input while
the backlight does not emit light.

[0052] Theresetsignal is input before interrupt of supply of
power to the liquid crystal display device in FIG. 1; however,
the present invention is not limited to this. The reset signal can
be input at the timing at which data in all the pixels in the
liquid crystal display device are rewritten, for example, can be
input when the liquid crystal display device displays a black
image. Moreover, if the liquid crystal display device is used as
a television set, for example, the reset signal can be input
when channels or input devices are switched or when a pro-
gram goes to a commercial break.

[0053] The liquid crystal display device can have a struc-
ture in which the reset signal is input at a time set by a timer
while an image is not displayed, in order to suppress deterio-
ration of liquid crystal. In this structure, the timer makes the
liquid crystal display device activated at a specific time in
which the liquid crystal display device is notin use (e.g., ata
time in which a user does not usually use the liquid crystal
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display device, for example, at midnight), and then the reset
signalis input. During input of the reset signal, it is preferable
that the backlight do not emit light in order to prevent distur-
bance of images from being displayed.

[0054] By inputting the reset signal in the above manner, an
electric field that is inverted in polarity is applied to a liquid
crystal element at least once in a short time, so that deterio-
ration of liquid crystal can be suppressed even when video
signals with the same polarity are continuously written for an
m-frame period or longer as described above.

[0055] Inthe abovemanner, itis possible to provide aliquid
crystal display device in which power consumption is low
even in moving image display. In particular, it is possible to
provide a liquid crystal display device in which deterioration
of liquid crystal is small while low power consumption is
achieved even in moving image display.

[0056] An example of a structure and a driving method of a
liquid crystal display device in this embodiment will be
described below with reference to FIG. 2, FIGS. 3A and 3B,
FIG. 4, FIGS. 5A and 5B, FIG. 6, FIGS. 7A and 7B, and FIG.
8.

[0057] FIG. 2 is a block diagram of a liquid crystal display
device 100 in one embodiment ofthe disclosed invention. The
liquid crystal display device 100 includes a display control
signal generator circuit 101, a selector circuit 102, and a
display panel 103.

[0058] The display panel 103 includes a gate line driver
circuit 104, a source line driver circuit 105, and a pixel portion
106. The pixel portion 106 includes a plurality of pixels 108,
and each of the pixels 108 includes at least a liquid crystal
element having a pair of electrodes. A video signal is supplied
to a source line 110, and writing of the video signal into the
pixel 108 is controlled with a scan line signal supplied from
the gate line driver circuit 104 to a gate line 109. The source
line driver circuit 105 preferably includes a digital/analog
converter circuit 107. In this specification and the like, the
term “driver circuit” includes the gate line driver circuit 104
and the source line driver circuit 105, and may also include
the display control signal generator circuit 101, the selector
circuit 102, and the like in some cases.

[0059] Thedisplay panel 103 is supplied with power supply
voltage based on a high power supply potential VDD and a
low power supply potential VSS, and a common potential
Vcom.

[0060] Thedisplay control signal generator circuit 101 out-
puts signals for operating the gate line driver circuit 104 and
the source line driver circuit 105 on the basis of a synchroni-
zation signal input from the outside.

[0061] Examples of the synchronization signal are a hori-
zontal synchronization signal (Hsync), a vertical synchroni-
zation signal (Vsync), and a reference clock signal (CLK).
[0062] Examples of the signal for operating the gate line
driver circuit 104 are a gate line start pulse GSP and a gate line
clock signal GCLK. Note that the gate line clock signal
GCLK includes a plurality of gate line clock signals obtained
by phase shift.

[0063] Examples of the signal for operating the source line
driver circuit 105 are a source line start pulse SSP and a source
line clock signal SCLK. Note that the source line clock signal
SCLK includes a plurality of source line clock signals
obtained by phase shift.

[0064] The digital/analog converter circuit 107 included in
the source line driver circuit 105 is supplied with a data signal
Data input from the outside, and a polarity inversion signal
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POL input from the display control signal generator circuit
101. The digital/analog converter circuit 107 converts the data
signal Data into an analog video signal on the basis of the
polarity inversion signal POL. Conversion of the data signal
into an analog video signal is performed with a circuit includ-
ing a combination of a ladder resistor and a switch, and y
correction or the like is favorably performed at the same time.
[0065] Note that the digital/analog converter circuit 107
included in the source line driver circuit 105 can be another
circuit as long as it can switch the polarity of a video signal to
be output to a pixel in accordance with the inputted polarity
inversion signal POL. For example, it is possible to use an
inverting amplifier that switches the polarity of a video signal
to be output to a pixel in accordance with the polarity inver-
sion signal POL.

[0066] The data signal Data input from the outside is digital
data. If the data signal Data is analog data, it is converted into
digital data.

[0067] The polarity inversion signal POL is used when the
data signal Data is converted into an analog video signal
(Vdata), and switches the video signal to a high potential
(positive polarity) or a low potential (negative polarity) with
respect to the common potential.

[0068] The video signal Vdata is a voltage based on the data
signal Data. The video signal Vdata is a voltage applied to one
of the electrodes of the liquid crystal element in each pixel
108 through the source line 110. Application of the video
signal to the liquid crystal element is referred to as writing of
the video signal into the pixel 108. When the video signals
Vdata have different polarities and the absolute value of the
difference between the potential of each video signal and the
common potential is the same, the values of the data signals
Data input to the liquid crystal display device are the same.
Note that when the potential of the video signal is higher than
the common potential, the positive voltage is applied to the
liquid crystal element. On the other hand, when the potential
of the video signal 1s lower than the common potential, the
negative voltage is applied to the liquid crystal element.
[0069] Note that when the voltage level of a video signal
written into a pixel is changed to a corrected voltage level, the
response speed of the liquid crystal element can be increased.
For example, when the voltage level of a video signal is
corrected to a higher level, the response time of the liquid
crystal element can be shortened and thus images can be
quickly displayed. A driving method in which such a correc-
tion signal is added is referred to as overdriving.

[0070] In order to invert the outputted polarity inversion
signal POL every m frame periods in the display control
signal generator circuit 101, for example, the frequency of the
vertical synchronization signal (Vsync), which is the syn-
chronization signal, is counted for in cycles to invert the
polarity inversion signal POL. Specifically, a counter circuit
that counts the frequency of the vertical synchronization sig-
nal and outputs the counted value to the display control signal
generator circuit 101 may be provided. The counter circuit
resets the counted value of the vertical synchronization signal
every m cycles, and the display control signal generator cit-
cuit 101 switches an H-level potential and an L-level potential
of the polarity inversion signal POL in response to the reset.
[0071] Inorderto setthe liquid crystal display device 100 in
a non-display state, the display control signal generator cir-
cuit 101 outputs a polarity inversion signal RPOL in accor-
dance with a stop signal (STP) input from the outside. Here,
when the stop signal STP is input to the display control signal
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generator circuit 101, output of the polarity inversion signal
POL is stopped and the polarity inversion signal RPOL is
output instead.

[0072] The selector circuit 102 selects the data signal Data
or areset data signal Rdata in accordance with the stop signal
STP and outputs the selected signal to the digital/analog
converter circuit 107. The selector circuit 102 outputs the data
signal Data when the stop signal S'TP is not input thereto, and
outputs the reset data signal Rdata when the stop signal STP
1s input thereto. Here, the reset data signal Rdata is digital data
like the data signal Data.

[0073] The reset data signal Rdata output to the digital/
analog converter circuit 107 is converted into an analog reset
signal (Vres) in accordance with the polarity inversion signal
RPOL. In other words, the polarity inversion signal RPOL is
used when the reset data signal Rdata is converted into the
analog reset signal Vres, and switches the reset signal to a
high potential (positive polarity) or a low potential (negative
polarity) with respect to the common potential.

[0074] At the time of displaying an image, the polarity
inversion signal POL is output from the display control signal
generator circuit 101 in response to the vertical synchroniza-
tion signal (Vsync), and the data signal Data output from the
selector circuit 102 is changed to the video signal Vdata by the
digital/analog converter circuit 107 in response to the polarity
inversion signal POL. On the other hand, to set the liquid
crystal display device in a non-display state, the polarity
inversion signal RPOL is output from the display control
signal generator circuit 101 in response to the stop signal STP,
and the reset data signal Rdata output from the selector circuit
102 is changed to the reset signal Vres by the digital/analog
converter circuit 107 in response to the polarity inversion
signal RPOL..

[0075] FIG. 3A is a timing chart that schematically shows
signals input to and output from the display control signal
generator circuit 101, the selector circuit 102, and the display
panel 103 when the liquid crystal display device 100 displays
an image.

[0076] The timing chart in FIG. 3A schematically shows
the waveforms of'the vertical synchronization signal (Vsync),
the data signal (Data), and the polarity inversion signal POL.
In the timing chart in FIG. 3A, the horizontal axis represents
time and the vertical axis represents the voltage level of the
video signal Vdata applied to a liquid crystal element in a
pixel.

[0077] In the timing chart in FIG. 3A, the data signal is
continuously supplied from a first frame to an m-th frame (m
is a natural number of 2 or more) in synchronization with the
cycle of H-levels of the vertical synchronization signal. The
polarity inversion signal POL is inverted every time the count
of H-levels of the vertical synchronization signal reaches m.
Thus, the polarity inversion signal POL can be a signal that is
inverted every m frames.

[0078] The video signal that is inverted to positive or nega-
tive polarity in accordance with inversion of the polarity
inversion signal POL is written into each pixel as the voltage
level relative to the common potential. With the structure in
this embodiment, operation in which the inversion state with
one polarity is continuously maintained in a period of m
frames can be performed as shown in FIG. 3A.

[0079] A display device using a liquid crystal element as a
display element generally performs inversion driving in
which positive polarity and negative polarity are alternately
applied to the display element every frame period, such as
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gate line inversion driving, source line inversion driving,
frame inversion driving, or dot inversion driving. If inversion
driving is performed when the voltage level of the video
signal applied to the liquid crystal element is high, the amount
of change in video signal becomes large because of signal
inversion even though the voltage level applied to the display
element is not changed; thus, power consumption is
increased. The increase in power consumption is significant
particularly in driving with high drive frequency.

[0080] In contrast, in the example shown in FIG. 3A, data
can be written with application of the video signals with the
same polarity in a period of m frames or more continuously.
Accordingly, the problem, in which the amount of change in
video signal due to inversion driving is large when inversion
driving is performed every frame period, can be reduced,
leading to the reduction in power consumption.

[0081] Since inversion driving is performed every m frame
periods as shown in FIG. 3A in the structure of this embodi-
ment, the amount of change in video signal is large between
the m-th frame and an (m+1)th frame and between a 2m-th
frame and a (2m+1)th frame. As a measure against this, a
blank period during which the potential of the video signal is
set at approximately the same potential as the common poten-
tial Veom is provided between the m-th frame and the (m+1)
th frame and between the 2m-th frame and the (2m+1)th
frame, whereby the amount of change in video signals can be
reduced, enabling a further reduction in power consumption.
[0082] FIG. 3B is a timing chart that schematically shows
signals input to and output from the display control signal
generator circuit 101, the selector circuit 102, and the display
panel 103 when the liquid crystal display device 100 is set in
an image non-display state.

[0083] The timing chart in FIG. 3B schematically shows
the waveforms of the stop signal (STP), the reset data signal
(Rdata), and the polarity inversion signal RPOL. In the timing
chart in FIG. 3B, the horizontal axis represents time and the
vertical axis represents the voltage level of the reset signal
Vres applied to a liquid crystal element in a pixel.

[0084] Inthetiming chart in FIG. 3B, when the H-level stop
signal STP is input, the reset data signal is input in an R1-th
frame and an R2-th frame. Here, the R1-th frame and the
R2-th frame refer to the first frame and the second frame,
respectively, after the stop signal STP is input. The polarity
inversion signal RPOL is inverted in the R1-th frame and the
R2-th frame; in FIG. 3B, the polarity inversion signal RPOL
is positive in the R1-th frame and is negative in the R2-th
frame.

[0085] The reset signal Vres that is inverted to positive or
negative polarity in accordance with the polarity inversion
signal RPOL is written into each pixel as the voltage level
with respect to the common potential Vcom. In FIG. 3B, the
reset signal Vres is positive in the R1-th frame and is negative
in the R2-th frame. At this time, it is preferable that the
absolute value of the voltage level be as large as possible, for
example, be approximately the same as the maximum abso-
lute value of the voltage level of the video signal. Moreover,
the polarity of the reset signal Vres in the R1-th frame is
preferably opposite to that of the video signal Vdata at the
time when the stop signal STP is input. After the reset signal
Vres is input to all the pixels in this manner, supply of the high
power supply potential VDD is interrupted.

[0086] By inputting the reset signal Vres in such a manner,
deterioration of liquid crystal can be suppressed even when
video signals with the same polarity are continuously written

Jan. 30,2014

for an in-frame period or longer as described above. Thus, it
is possible to provide a liquid crystal display device in which
deterioration of liquid crystal is small while low power con-
sumption is achieved even in moving image display.

[0087] Without limitation to FIG. 3B (in which a positive
potential and a negative potential are applied as the reset
signal in two frames of the R1-th frame and the R2-th frame,
respectively), the reset signal may be input while the polarity
of the potential is inverted in three or more frames. Moreover,
the reset signal with a potential having polarity opposite to
that of the potential of the video signal Vdata at the time when
the stop signal STP is input can be input only in one frame.
[0088] TheR1-th frame and the R2-th frame in FIG. 3B are
the same in length as one frame period shown in FIG. 3A;
however, the liquid crystal display device described in this
embodiment is not limited to this, and the length of the R1-th
frame, the R2-th frame, an R3-th frame, and/or a later period
may be larger than that of one frame period.

[0089] After a potential that is inverted in polarity at least
one time is input as the reset signal Vres in the above manner,
the potential of the reset signal Vres is preferably set at
approximately the same potential as the common potential
Veom. For example, in FIG. 3B, the R3-th frame during
which the voltage level of the reset signal becomes the com-
mon potential Vcom may be provided after the R2-th frame.
Further, after the potential difference between electrodes of
the liquid crystal element is made approximately 0V in this
manner, it is preferable to turn off a transistor that is provided
in a pixel and electrically connected to the liquid crystal
element.

[0090] Next, a specific structure example of the display
panel 103 illustrated in FIG. 2 will be shown, and the effect of
this embodiment will be described in detail.

[0091] FIG. 4 specifically illustrates the structures of the
gate line driver circuit 104, the source line driver circuit 105,
and the pixel portion 106 included in the display panel 103 in
FIG. 2.

[0092] The gate line driver circuit 104 includes a shift reg-
ister circuit 201. The source line driver circuit 105 includes a
shift register circuit 202, the digital/analog converter circuit
107, and an analog switch 203.

[0093] FIG. 4 shows an example where the pixel portion
106 includes pixels 108 arranged in three rows and three
columns. Each of the pixels 108 includes a transistor 204, a
capacitor 205, and a liquid crystal element 206. A gate of the
transistor 204 is connected to the gate line 109. One of a
source and a drain of the transistor 204 is connected to the
source line 110.

[0094] As the transistor 204, a transistor with low current in
the off state (off-state current), for example, a transistor
including an oxide semiconductor is preferably used. The use
of such a transistor as the transistor 204 prevents charge from
leaking from the capacitor 205 and the liquid crystal element
206 through the transistor 204, so that the voltage applied to
the liquid crystal element 206 can be held for a long time.
Thus, characteristics of holding display images of the liquid
crystal display device 100 can be improved.

[0095] On the other hand, when a transistor with low off-
state current is used as the transistor 204, the voltage of the
liquid crystal element 206, which is connected to the transis-
tor 204, may be held even after the liquid crystal display
device 100 is powered off, and as a result, an electric field of
the same polarity may be applied to liquid crystal for a long
time so that the liquid crystal might deteriorate. To deal with
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this problem, as described above, a potential that is inverted in
polarity at least one time is input as the reset signal and then
the potential of the reset signal Vres is set at approximately
the same potential as the common potential Vcom to turn off
the transistor 204, thereby preventing an electric field of the
same polarity applied to liquid crystal for a long time.

[0096] As described above, it is preferable that during
power off of the liquid crystal display device 100, the liquid
crystal display device 100 be activated at a time set by a timer
and then the reset signal be input. Thus, even if the voltage of
the liquid crystal element 206 is held when the liquid crystal
display device 100 is powered off, liquid crystal can be
brought into a state without application of an electric field at
the time set by the timer.

[0097] InFIG. 4, the gate line start pulse GSP and the gate
line clock signal GCLK are input to the shift register circuit
201 included in the gate line driver circuit 104. The shift
register circuit 201 can sequentially output H-level signals as
selection signals Goutl to Gout 3 to the gate lines 109 in the
first to third rows to control the on/off states of the transistors
204.

[0098] In FIG. 4, when an image is displayed, the digital/
analog converter circuit 107 included in the source line driver
circuit 105 outputs the video signal Vdata, which is generated
in accordance with the data signal Data and the polarity
inversion signal POL. When the display panel is set in a
non-display state, the digital/analog converter circuit 107 out-
puts the reset signal Vres, which is generated in accordance
with the reset data signal Rdata and the polarity inversion
signal RPOL. The video signal Vdata and the reset signal Vres
are written into the capacitor 205 and the liquid crystal ele-
ment 206 in the pixel 108 through the source line 110 when
the analog switch 203 is turned on.

[0099] In FIG. 4, the source line start pulse SSP and the
source line clock signal SCLK are input to the shift register
circuit 202 included in the source line driver circuit 105. The
shift register circuit 202 can sequentially output H-level sig-
nals as selection signals Sout1 to Sout 3 to the analog switches
203 in the first to third columns to control the on/off states of
the analog switches 203.

[0100] Next, an example of specific operation with a driv-
ing method of the present invention in a plurality of frame
periods will be described with reference to FIGS. 5A and 5B.
FIG. 5A is a schematic diagram of a pixel portion, and FIG.
5B shows video signals with positive or negative polarity
based on data signals.

[0101] FIG.5A s aschematic diagram of data signals input
to a pixel portion including pixels arranged in a matrix of
three rows and three columns in the first frame, the second
frame, the m-th frame, and the (m+1)th frame in an image
display state and the R1-th frame, the R2-th frame, and the
R3-th frame in an image non-display state. Here, the R1-th
frame, the R2-th frame, and the R3-th frame refer to the first
frame, the second frame, and the third frame, respectively,
after the stop signal STP is input.

[0102] FIG. 5A shows an example where as data signals,
“V,” is input to a pixel 211 in the first row and the first
column, a pixel 221 in the second row and the first column,
and a pixel 231 in the third row and the first column; “V;” is
input to a pixel 212 in the first row and the second column, a
pixel 222 in the second row and the second column, and a
pixel 232 in the third row and the second column; and “V . is
input to a pixel 213 in the first row and the third column, a
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pixel 223 in the second row and the third column, and a pixel
233 in the third row and the third column.

[0103] When thedata signals V,,V;and V. shownin FIG.
5A are regarded as the voltage levels of the video signals, they
can be represented by IV I, IVgl, and IV l. For convenience
of description, an exanple of the magnitude relation of IV |,
IV, l, and IVl is [V I<IVgI<IV . When the polarity inver-
sion signal POL is at H level (POL_H), the video signals can
be represented by “V_”, “V,”, and “V . as shown in FIG. 5B
and positive video signals are written. When the polarity
inversion signal POL is at L level (POLL), the video signals
canbe represented by “-V 7, “=V”, and “-V . as shown in
FIG. 5B and negative video signals are written. Note that as
shown in FIG. 5B, the video signals V ,, Vz and V. are the
same in level as the video signals -V ,, -V and -V ., respec-
tively, and these signals are symmetric about the common
potential Vcom.

[0104] InFIG.5A,inthe second frame, as the data signals,
V is input to the pixels 211, 221, and 231; V. is input to the
pixels 212, 222, and 232; and V, is input to the pixels 213,
223, and 233.

[0105] InFIG.5A,inthe m-th frame, as the data signals, V-
is input to the pixels 211, 221, and 231; V, is input to the
pixels 212, 222, and 232; and V;; is input to the pixels 213,
223, and 233.

[0106] InFIG.5A,inthe (m+1)th frame, as the data signals,
V is input to the pixels 211, 221, and 231; V- is input to the
pixels 212, 222, and 232; and V , is input to the pixels 213,
223, and 233.

[0107] InFIG.5A,V, is input as the data signal to all the
pixels in the R1-th frame and the R2-th frame. Moreover, in
FIG. 5A, “V_,,.” that corresponds to the common potential
Vcom is input as the data signal to all the pixels in the R3-th
frame.

[0108] FIG. 61satiming chart showing input of data signals
to the pixel portion during image display illustrated in FIG.
5A. The timing chart in FIG. 6 shows the selection signals
Goutl to Gout 3, the selection signals Sout1 to Sout3, the data
signal Data, the polarity inversion signal POL, and the video
signal Vdata in the first frame, the second frame, the m-th
frame, and the (m+1)th frame. Although the case of employ-
ing dot sequential driving is described here using the timing
chart in FIG. 6, line sequential driving may be employed.
[0109] In the timing chart in FIG. 6, the polarity inversion
signal POL can be inverted every m frame periods as
described with reference to FIG. 3A. Accordingly, the video
signal Vdata in this embodiment can serve as a video signal
with the same polarity in a period of n7 frames continuously.
Accordingly, the problem in which the amount of change in
video signals due to inversion driving is large when inversion
driving is performed every frame period can be reduced,
leading to the reduction in power consumption.

[0110] A change in the video signal in the first column of
the pixel portion is extracted from the timing chart of FIG. 6
and shown in FIGS. 7A and 7B.

[0111] FIG. 7A is a schematic diagram showing a change in
the video signal between a period T1 and a period T2 in FIG.
6. FIG. 7B is a schematic diagram showing a change in the
video signal in a period T1R and a period T2R that correspond
to the period T1 and the period T2 in FIG. 6, in the case where
the polarity inversion signal POL is inverted every frame in
the timing chart of FIG. 6. That is, the polarity of the video
signal is inverted between the period T1 and the period T2 in
FIG. 7B.
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[0112] Theperiod T1inFIG. 7A represents the video signal
in the first row and each column in the first frame. The period
T2 in FIG. 7A represents the video signal in the first row and
each column in the second frame. The period TIR in FIG. 7B
represents the video signal in the first row and each column in
the first frame. The period T2R in FIG. 7B represents the
video signal in the second row and each column in the second
frame. Note that in FIGS. 7A and 7B, attention is focused on
the video signals in the same column in the periods T1 and T2
and in the periods T1R and T2R, and a change in the video
signal between these periods is indicated by arrows.

[0113] In FIG. 7A, the difference in the video signal
between the first frame and the second frame in one row and
each column is IV -V| in the first column, IV;-V | in the
second column, and IV ~V | in the third column. In FIG. 7B,
the difference in the video signal between the first frame and
the second frame in one row and each column is IV +Vgl in
the first column, |V 34V ol inthe second column, and IV +V |
in the third column.

[0114] When attention is focused onthe video signals in the
same column in FIGS. 7A and 7B, the voltage changes more
significantly with frame inversion driving shown in FIG. 7B
in which the polarity inversion signal POL is inverted every
frame. On the other hand, when the polarity inversion signal
POL is inverted every m frame periods as shown in FIG. 7A,
a change in the video signal in the same column is small.
Thus, with the driving shown in FIG. 7A, power consumed
for charging and discharging the video signals written into
pixels can be reduced.

[0115] Consequently, itis possible to provide a liquid crys-
tal display device that consumes less power even while dis-
playing moving images.

[0116] FIG.8isatiming chart showing data signals input to
the pixel portion when the liquid crystal display device is set
in a non-display state as illustrated in FIG. 5A. The timing
chart in FIG. 8 shows the selection signals Goutl to Gout 3,
the selection signals Soutl to Sout3, the reset data signal
Rdata, the polarity inversion signal RPOL, and the reset sig-
nal Vres in the R1-th frame, the R2-th frame, and the R3-th
frame. Although the case of employing dot sequential driving
is described using the timing chart in FIG. 8, line sequential
driving may be employed.

[0117] In the timing chart in FIG. 8, the potential of the
polarity inversion signal RPOL is inverted between the R1-th
frame and the R2-th frame as described with reference to FIG.
3B. Thus, as the reset signal Vres, the potential V , is input in
the R1-th frame and the potential =V is input in the R2-th
frame. By inputting the reset signal Vres in such a manner,
deterioration of liquid crystal can be suppressed even when
video signals with the same polarity are continuously written
for an m-frame period or longer as shown in FIG. 6. More-
over, when the potential of the reset signal Vres is made
approximately the same as the maximum absolute value of
the voltage level of the video signal Vdata in this manner, an
inverted high electric field can be applied to the liquid crystal
element; thus, deterioration of the liquid crystal element can
be further suppressed.

[0118] IntheR3-thframe,the common potential Vcom that
corresponds to the data signal V__ is input as the reset signal
Vres. After the potential difference between the electrodes of
the liquid crystal element is made approximately 0 V in this
manner, the transistor 204, which is provided in the pixel and
electrically connected to the liquid crystal element 206, is
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turned off, thereby preventing an electric field with fixed
polarity from being applied to liquid crystal for a long time.
[0119] As described above, it is possible to provide a liquid
crystal display device in which power consumption is low
even in moving image display and deterioration of liquid
crystal elements is small.

[0120] In this embodiment, a liquid crystal display device
in which frame inversion driving is performed is described as
an example; however, a liquid crystal display device may
have another structure, and for example, may employ gate
line inversion driving, source line inversion driving, or dot
inversion driving.

[0121] The structures, methods, and the like described in
this embodiment can be combined as appropriate with any of
the structures, methods, and the like described in the other
embodiments.

Embodiment 2

[0122] This embodiment will show the appearance and a
cross section of'a display device to explain a structure thereof.
In this embodiment, examples of using a liquid crystal ele-
ment as a display element will be described.

[0123] A liquid crystal display device includes any of the
following modules in its category: a module to which a con-
nector such as a flexible printed circuit (FPC) or a tape carrier
package (TCP) is attached; a module having a TCP at the tip
of which a printed wiring board is provided; and a module in
which an integrated circuit (IC) is directly mounted on a
display element by chip on glass (COG).

[0124] The appearance and a cross section of a liquid crys-
tal display device will be described with reference to FIGS.
9A1, 9A2, and 9B. FIGS. 9A1 and 9A?2 are each a plan view
of a panel in which transistors 4010 and 4011 and a liquid
crystal element 4013 are sealed between a first substrate 4001
and a second substrate 4006 with a sealant 4005. FIG. 9B is a
cross-sectional view along line M-N in FIGS. 9A1 and 9A2.
[0125] The sealant 4005 is provided to surround a pixel
portion 4002 and a gate line driver circuit 4004 that are
provided over the first substrate 4001. The second substrate
4006 is provided over the pixel portion 4002 and the gate line
driver circuit 4004. Thus, the pixel portion 4002 and the gate
line driver circuit 4004 are sealed together with a liquid crys-
tal layer 4008, by the first substrate 4001, the sealant 4005,
and the second substrate 4006. A source line driver circuit
4003 that is formed using a single crystal semiconductor film
or a polycrystalline semiconductor film over a substrate sepa-
rately prepared is mounted in a region that is different from
the region surrounded by the sealant 4005 over the first sub-
strate 4001.

[0126] Althoughnotillustrated in FIGS. 9A1,9A2, and 9B,
a backlight that emits light to pixels can be provided as
appropriate as a light source. Here, it is preferable that the
backlight do not emit light during input of the reset signal, in
which case disturbance of images due to input of the reset
signal can be prevented from being displayed. In addition,
although not illustrated in FIGS. 9A1, 9A2, and 9B, a timer
for activating the liquid crystal display device ata set time can
be provided as appropriate. Here, the timer can make the
liquid crystal display device activated at a specific time in
which the liquid crystal display device is notin use (e.g., ata
time in which a user does not usually use the liquid crystal
display device, for example, at midnight), and then the reset
signal is input. An optical film such as a retardation plate or an
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anti-reflection film can be provided as appropriate. Moreover,
a coloring layer functioning as a color filter layer can be
provided.

[0127] There is no particular limitation on the connection
method of the driver circuit that is separately formed, and a
COG method, a wire bonding method, a TAB method, or the
like can be used. FIG. 9A1 illustrates an example where the
source line driver circuit 4003 is mounted by a COG method,
and FIG. 9A2 illustrates an example where the source line
driver circuit 4003 is mounted by a TAB method.

[0128] Each of the pixel portion 4002 and the scan line
driver circuit 4004 provided over the first substrate 4001
includes a plurality of transistors. FIG. 9B illustrates the
transistor 4010 included in the pixel portion 4002 and the
transistor 4011 included in the scan-line driver circuit 4004 as
an example. Insulating layers 4020 and 4021 are provided
over the transistors 4010 and 4011.

[0129] The transistors 4010 and 4011 can use a semicon-
ductor thin film of silicon, germanium, or the like in an
amorphous, microcrystalline, polycrystalline, or signal crys-
tal state as a semiconductor layer. Alternatively, the transis-
tors 4010 and 4011 can use an oxide semiconductor for the
semiconductor layer. In this embodiment, the transistors 4010
and 4011 are n-channel transistors. With the use of an oxide
semiconductor for the semiconductor layer, a transistor with
extremely low off-state current can be used as a switching
element in a pixel. In this case, a change in the video signal
that has been written into the pixel is small, resulting in higher
display quality.

[0130] Here, a highly purified oxide semiconductor (puri-
fied OS) obtained by reduction of impurities such as moisture
or hydrogen serving as an electron donor (donor) and by
reduction of oxygen vacancies is an intrinsic (i-type) semi-
conductor or a substantially i-type semiconductor. For this
reason, a transistor including a semiconductor layer contain-
ing a highly purified oxide semiconductor has extremely low
off-state current and high reliability.

[0131] Specifically, various experiments can prove a low
off-state current of a transistor having a channel formation
region in a highly purified oxide semiconductor film. For
example, the off-state current of even an element having a
channel width of 1x10° um and a channel length of 10 um can
be less than or equal to the measurement limit of a semicon-
ductor parameter analyzer, that is, less than or equal to 1x10~
13 A at a voltage between the source electrode and the drain
electrode (a drain voltage) of 1 V to 10 V. In this case, it can
be seen that off-state current standardized on the channel
width of the transistor is lower than or equal to 100 zA/um. In
addition, the off-state current is measured using a circuit in
which a capacitor and a transistor are connected to each other
and charge flowing into or from the capacitor is controlled by
the transistor. In the measurement, a highly purified oxide
semiconductor film is used for a channel formation region of
the transistor, and the off-state current of the transistor is
measured from a change in the amount of charge of the
capacitor per unit time. As a result, it is found that when the
voltage between the source electrode and the drain electrode
of'the transistor is 3 V, a lower off-state current of several tens
of yoctoamperes per micrometer (yA/um) is obtained. Con-
sequently, the transistor in which a highly purified oxide
semiconductor film is used for a channel formation regionhas
much lower off-state current than a transistor including crys-
talline silicon.
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[0132] When an oxide semiconductor film is used as the
semiconductor layer of the transistors 4010 and 4011, the
oxide semiconductor preferably contains at least indium (In)
or zinc (Zn). Further, as a stabilizer for reducing variations in
electric characteristics of transistors using the oxide semicon-
ductor, the oxide semiconductor preferably contains gallium
(Ga), tin (Sn), hafnium (Hf), aluminum (Al), and/or zirco-
nium (Zr) in addition to indium (In) and/or zinc (Zn).
[0133] In—Ga—Zn-based oxide and In—Sn—Zn-based
oxide among oxide semiconductors have the following
advantages over silicon carbide, gallium nitride, and gallium
oxide: transistors with excellent electrical characteristics can
be formed by sputtering or a wet process and thus can be
mass-produced easily. Further, unlike in the case of using
silicon carbide, gallium nitride, or gallium oxide, with the use
of the In—Ga—Zn-based oxide, transistors with excellent
electrical characteristics can be formed over a glass substrate,
and a larger substrate can be used.

[0134] As another stabilizer, the oxide semiconductor may
contain one or plural kinds of lanthanoid such as lanthanum
(La), cerium (Ce), praseodymium (Pr), neodymium (Nd),
samarium (Sm), europium (Eu), gadolinium (Gd), terbium
(Tb), dysprosium (Dy), holmium (Ho), erbium (Er), thulium
(Tm), ytterbium (YD), and lutetium (Lu).

[0135] As the oxide semiconductor, any of the following
oxides can be used, for example: indium oxide, gallium
oxide, tin oxide, zinc oxide, a two-component metal oxide
such as In—Zn-based oxide, Sn—Zn-based oxide, Al—Zn-
based oxide, Zn—Mg-based oxide, Sn—Mg-based oxide,
In—Mg-based oxide, and In—Ga-based oxide; a three-com-
ponent metal oxide such as In—Ga—Zn-based oxide (also
referred to as IGZ0), In—Al—Z7n-based oxide, In—Sn—7n-
based oxide, Sn—Ga—Zn-based oxide, Al—Ga—Zn-based
oxide, Sn—Al—Zn-based oxide, In—Hf—Zn-based oxide,

In—La—Zn-based oxide, In—Pr—Zn-based oxide,
In—Nd—Zn-based oxide, In—Sm—Zn-based oxide,
In—FEu—Zn-based oxide, In—Gd—Zn-based oxide,
In—Tb—Z7n-based oxide, In—Dy—Z7n-based oxide,
In—Ho—Z7n-based oxide, In—FEr—Z7n-based oxide,

In—Tm—Z7n-based oxide, In—Yb—Zn-based oxide, and
In—Tu—~Zn-based oxide; and a four-component metal oxide
such as In—Sn—Ga—Z7n-based oxide, In—Hf—Ga—Z7n-
based oxide, In—Al—Ga—Zn-based oxide, In—Sn—Al—
7Zn-based oxide, In—Sn—Hf—Z7n-based oxide, and
In—Hf—Al—Zn-based oxide.

[0136] For example, an In—Ga—Zn-based oxide refers to
an oxide containing In, Ga, and Zn, and there is no limitation
on the composition ratio of In, Ga, and Zn. Further, the
In—Ga—7n-based oxide may contain a metal element other
than In, Ga, and Zn. The In—Ga—Z7n-based oxide has suffi-
ciently high resistance when no electric field is applied
thereto, so that off-state current can be sufficiently reduced.
Moreover, the In—Ga—Z7n-based oxide has high mobility.

[0137] For example, an In—Ga—Z7n-based oxide with an
atomic ratio of In:Ga:Zn=1:1:1 (=1/3:1/3:1/3) or In:Ga:
Zn=2:2:1 (=2/5:2/5:1/5), or an oxide with an atomic ratio
close to the above atomic ratios can be used. Alternatively, an
In—Sn—7n-based oxide with an atomic ratio of In:Sn:Zn=1:
1:1 (=1/3:1/3:1/3), In:Sn:Zn=2:1:3 (=1/3:1/6:1/2), or In:Sn:
Zn=2:1:5 (=1/4:1/8:5/8) or an oxide with an atomic ratio
close to the above atomic ratios may be used.

[0138] For example, high mobility can be obtained rela-
tively easily with an In—Sn—Z7n-based oxide. However,
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even with an In—Ga—Z7n-based oxide, the mobility can be
increased by reduction in the defect density in a bulk.
[0139] Note that an oxide semiconductor film in a single
crystal state, a polycrystalline (also referred to as polycrystal)
state, an amorphous state, or the like can be used in the
transistor. The oxide semiconductor film is preferably a c-axis
aligned crystalline oxide semiconductor (CAAC-OS) film.
[0140] A structure of an oxide semiconductor film is
described below.

[0141] An oxide semiconductor film is classified roughly
into a single-crystal oxide semiconductor film and a non-
single-crystal oxide semiconductor film. The non-single-
crystal oxide semiconductor film includes any of an amor-
phous oxide semiconductor film, a microcrystalline oxide
semiconductor film, a polycrystalline oxide semiconductor
film, a c-axis aligned crystalline oxide semiconductor
(CAAC-OS) film, and the like.

[0142] The amorphous oxide semiconductor film has dis-
ordered atomic arrangement and no crystalline component. A
typical example of the amorphous oxide semiconductor film
is an oxide semiconductor film in which no crystal part exists
even in a microscopic region, and the whole of the film is
amorphous.

[0143] The microcrystalline oxide semiconductor film
includes a microcrystal (also referred to as nanocrystal) with
a size greater than or equal to 1 nm and less than 10 nm, for
example. Thus, the microcrystalline oxide semiconductor
film has a higher degree of atomic order than the amorphous
oxide semiconductor film. Hence, the density of defect states
of the microcrystalline oxide semiconductor film is lower
than that of the amorphous oxide semiconductor film.
[0144] The CAAC-OS film is one of oxide semiconductor
films including a plurality of crystal parts, and most of the
crystal parts each fit inside a cube whose one side is less than
100 nm. Thus, there is a case where a crystal part included in
the CAAC-OS film fits inside a cube whose one side is less
than 10 nm, less than 5 nm, or less than 3 nm. The density of
defect states of the CAAC-OS film is lower than that of the
microcrystalline oxide semiconductor film. The CAAC-OS
film is described in detail below.

[0145] Inatransmission electron microscope (TEM)image
of the CAAC-OS film, a boundary between crystal parts, that
is, a grain boundary is not clearly observed. Thus, in the
CAAC-OS film, a reduction in electron mobility due to the
grain boundary is less likely to occur.

[0146] According to the TEM image of the CAAC-OS film
observed in a direction substantially parallel to a sample
surface (cross-sectional TEM image), metal atoms are
arranged in a layered manner in the crystal parts. Each metal
atom layer has a morphology reflected by a surface over
which the CAAC-OS film is formed (hereinafter a surface
over which the CAAC-OS film is formed is referred to as a
formation surface) or a top surface of the CAAC-OS film, and
is arranged in parallel to the formation surface or the top
surface of the CAAC-OS film.

[0147] On the other hand, according to the TEM image of
the CAAC-OS film observed in a direction substantially per-
pendicular to the sample surface (plan TEM image), metal
atoms are arranged in a triangular or hexagonal configuration
in the crystal parts. However, there is no regularity of arrange-
ment of metal atoms between different crystal parts.

[0148] In this specification, the term “parallel” indicates
that the angle formed between two straight lines is greater
than or equal to -10° and less than or equal to 10°, and
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accordingly also includes the case where the angle is greater
than or equal to —=5° and less than or equal to 5°. In addition,
the term “perpendicular” indicates that the angle formed
between two straight lines is greater than or equal to 80° and
less than or equal to 100°, and accordingly includes the case
where the angle is greater than or equal to 85° and less than or
equal to 95°.

[0149] From the results of the cross-sectional TEM image
and the plan TEM image, alignment is found in the crystal
parts in the CAAC-OS film.

[0150] A CAAC-OS film is subjected to structural analysis
with an X-ray diffraction (XRD) apparatus. For example,
when a CAAC-OS film including an InGaZnO, crystal is
analyzed by an out-of-plane method, a peak appears fre-
quently when the diffraction angle (20) is around 31°. This
peak is derived from the (009) plane of the InGaZnO, crystal,
which indicates that crystals in the CAAC-OS film have
c-axis alignment, and that the c-axes are aligned in a direction
substantially perpendicular to the formation surface or the top
surface of the CAAC-OS film.

[0151] On the other hand, when the CAAC-OS film is ana-
lyzed by an in-plane method in which an X-ray enters a
sample in a direction substantially perpendicular to the c-axis,
apeak appears frequently when 26 is around 56°. This peak is
derived from the (110) plane of the InGaZnO,, crystal. Here,
analysis (¢ scan) is performed under conditions where the
sample is rotated around a normal vector of a sample surface
as an axis (0 axis) with 28 fixed at around 56°. In the case
where the sample is a single-crystal oxide semiconductor film
of InGaZnQ,, six peaks appear. The six peaks are derived
from crystal planes equivalent to the (110) plane. On the other
hand, in the case of a CAAC-OS film, a peak is not clearly
observed even when O scan is performed with 28 fixed at
around 56°.

[0152] According to the above results, in the CAAC-OS
film having c-axis alignment, while the directions of a-axes
and b-axes are different between crystal parts, the c-axes are
aligned in a direction parallel to a normal vector of a forma-
tion surface or a normal vector of a top surface. Thus, each
metal atom layer arranged in a layered manner observed in the
cross-sectional TEM image corresponds to a plane parallel to
the a-b plane of the crystal.

[0153] Note that the crystal part is formed concurrently
with deposition of the CAAC-OS film or is formed through
crystallization treatment such as heat treatment. As described
above, the c-axis of the crystal is aligned in a direction parallel
to anormal vector ofa formation surface or a normal vector of
a top surface. Thus, for example, in the case where the shape
of the CAAC-OS film is changed by etching or the like, the
c-axis might not be necessarily parallel to a normal vector of
a formation surface or a normal vector of a top surface of the
CAAC-0OS film.

[0154] Further, the degree of crystallinity in the CAAC-OS
film is not necessarily uniform. For example, when crystal
growth leading to the CAAC-OS film occurs from the vicinity
of the top surface of the film, the degree of the crystallinity in
the vicinity of the top surface is higher than that in the vicinity
of the formation surface in some cases. Further, when an
impurity is added to the CAAC-OS film, the crystallinity ina
region to which the impurity is added is changed, and the
degree of crystallinity in the CAAC-OS film varies depending
on regions.

[0155] Note that when the CAAC-OS film with an
InGaZnQ, crystal is analyzed by an out-of-plane method, a
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peak of 26 may also be observed at around 36°, in addition to
the peak of 28 at around 31°. The peak of 26 at around 36°
indicates that a crystal having no c-axis alignment is included
in part of the CAAC-OS film. It is preferable that in the
CAAC-0S film, a peak of 26 appear at around 31° and a peak
of 28 do not appear at around 36°.

[0156] In a transistor using the CAAC-OS film, change in
electric characteristics due to irradiation with visible light or
ultraviolet light is small. Thus, the transistor has high reliabil-
ity.

[0157] Note that an oxide semiconductor film may be a
stacked film including two or more films of an amorphous

oxide semiconductor film, a microcrystalline oxide semicon-
ductor film, and a CAAC-OS film, for example.

[0158] A pixel electrode layer 4030 included in the liquid
crystal element 4013 is connected to the transistor 4010. A
counter electrode layer 4031 of the liquid crystal element
4013 is formed on the second substrate 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 the liquid crystal element 4013. Note
that 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 electrode layer
4031 with the insulating layers 4032 and 4033 placed ther-
ebetween.

[0159] Alight-transmitting substrate can be used as the first
substrate 4001 and the second substrate 4006; glass, ceram-
ics, orplastics can be used. As plastics, a fiberglass-reinforced
plastic (FRP) plate, a polyvinyl fluoride (PVF) film, a poly-
ester film, or an acrylic resin film can be used.

[0160] A structure 4035 is a columnar spacer obtained by
selective etching of an insulating film and is provided in order
to control the distance (a cell gap) between the pixel electrode
layer 4030 and the counter electrode layer 4031. Alterna-
tively, a spherical spacer may be used. The counter electrode
layer 4031 is connected to a common potential line formed
over the substrate where the transistor 4010 is formed. With
the use of a common contact portion, the counter electrode
layer 4031 and the common potential line can be connected to
each other by conductive particles arranged between the pair
of substrates. Note that the conductive particles can be
included in the sealant 4005.

[0161] Note that the structures of the electrodes of the lig-
uid crystal element can be changed as appropriate in accor-
dance with a display mode of the liquid crystal element.

[0162] This embodiment shows the example of the liquid
crystal display device in which a polarizing plate is provided
on the outer side of the substrate (on the viewer side) and a
coloring layer and an electrode layer used for a display ele-
ment are provided in this order on the inner side of the sub-
strate; however, a polarizing plate may be provided on the
inner side of the substrate. The stacked structure of the polar-
izing plate and the coloring layer is not limited to that shown
in this embodiment and can be set as appropriate depending
on materials of the polarizing plate and the coloring layer or
conditions of the fabrication process. Further, a light-block-
ing film serving as a black matrix may be provided ina portion
other than the display portion.

[0163] Each of the transistors 4010 and 4011 is composed
of a gate insulating layer, a gate electrode layer, and a wiring
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layer (such as a source wiring layer and a capacitor wiring
layer) in addition to the semiconductor layer.

[0164] The insulating layer 4020 is formed over the tran-
sistors 4010 and 4011. As the insulating layer 4020, a silicon
nitride film is formed by RF sputtering, for example.

[0165] Theinsulating layer 4021 is formed as a planarizing
insulating film. For the insulating layer 4021, an organic
material having heat resistance, such as polyimide, acrylic, a
benzocyclobutene-based resin, polyamide, or epoxy, can be
used. Other than such organic materials, it is also possible to
use a low-dielectric constant material (a low-k material), a
siloxane-based resin, phosphosilicate glass (PSG), borophos-
phosilicate glass (BPSG), or the like. Note that the insulating
layer 4021 may be formed by stacking a plurality of insulating
films formed of these materials.

[0166] The pixel electrode layer 4030 and the counter elec-
trode layer 4031 can be formed using a light-transmitting
conductive material such as indium oxide containing tung-
sten oxide, indium zinc oxide containing tungsten oxide,
indium oxide containing titanium oxide, indium tin oxide
containing titanium oxide, indium tin oxide, indium zinc
oxide, or indium tin oxide to which silicon oxide is added.
[0167] Asthe conductive high molecule, it is possible touse
a so-called m-electron conjugated conductive polymer, for
example, polyaniline or a derivative thereof, polypyrrole or a
derivative thereof, polythiophene or a derivative thereof, or a
copolymer of two or more of aniline, pyrrole, and thiophene
or a derivative thereof.

[0168] A variety of signals and potentials are supplied to
the source line driver circuit 4003 which is formed separately,
the gate line driver circuit 4004, or the pixel portion 4002
from an FPC 4018.

[0169] A connection terminal electrode 4015 is formed
using the same conductive film as the pixel electrode layer
4030 included in the liquid crystal element 4013. A terminal
electrode 4016 is formed using the same conductive film as
source and drain electrode layers of the transistors 4010 and
4011.

[0170] The connection terminal electrode 4015 is electri-
cally connected to a terminal included in the FPC 4018 via an
anisotropic conductive film 4019.

[0171] Although FIGS. 9A1, 9AB, and 9B show the
example in which the source line driver circuit 4003 is formed
separately and mounted on the first substrate 4001, this
embodiment is not limited to this structure. The gate line
driver circuit may be formed separately and then mounted, or
only part of the source line driver circuit or part of the gate line
driver circuit may be formed separately and then mounted.
[0172] This embodiment can be implemented in appropri-
ate combination with any of the structures described in the
other embodiments.

Embodiment 3

[0173] This embodiment will show the display mode of the
liquid crystal element described in Embodiment 2. Although
Embodiment 2 shows an example of the cross section of a
twisted nematic (TN) mode liquid crystal element, the liquid
crystal element can employ another display mode. Electrodes
and substrates used for operating liquid crystal in various
display modes will be described below with reference to
schematic diagrams.

[0174] FIG. 10 is a schematic diagram illustrating a cross
section of a TN mode liquid crystal element.
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[0175] Aliquid crystal layer 5800 is sandwiched between a
first substrate 5801 and a second substrate 5802 that are
placed opposite to each other. A first electrode 5805 is formed
on the first substrate 5801. A second electrode 5806 is formed
over the second substrate 5802.

[0176] FIG.11A is a schematic diagram illustrating a cross
section of a vertical alignment (VA) mode liquid crystal dis-
play device. In the VA mode, liquid crystal molecules are

aligned vertically to the substrates when there is no electric
field.

[0177] Aliquid crystal layer 5810 is sandwiched between a
first substrate 5811 and a second substrate 5812 that are
placed opposite to each other. A first electrode 5815 is formed
on the first substrate 5811. A second electrode 5816 is formed
over the second substrate 5812.

[0178] FIG.11B is a schematic diagram illustrating a cross
section of a multi-domain vertical alignment (MVA) mode
liquid crystal display device. In the MVA mode, protrusions
are provided so that liquid crystal molecules are aligned in a
plurality of directions to compensate the viewing angle
dependence.

[0179] Aliquid crystal layer 5820 is sandwiched between a
first substrate 5821 and a second substrate 5822 that are
placed opposite to each other. A first electrode 5825 is formed
on the first substrate 5821. A second electrode 5826 is formed
over the second substrate 5822. A first protrusion 5827 for
controlling alignment is formed on the first electrode 5825. A
second protrusion 5828 for controlling alignment is formed
over the second electrode 5826.

[0180] FIG.12A is a schematic diagram illustrating a cross
section of an in-plane switching (IPS) mode liquid crystal
display device. In the IPS mode, liquid crystal molecules
always rotate in a plane parallel to substrates. The viewing
angle dependence is small because of small difference in
refractive index of a liquid crystal layer with varying angles
for viewing a screen. The IPS mode employs a horizontal
electric field mode for which electrodes are provided only on
one substrate.

[0181] A liquid crystal layer 5850 is sandwiched between a
first substrate 5851 and a second substrate 5852 that are
placed opposite to each other. A first electrode 5855 and a
second electrode 5856 are formed over the second substrate
5852.

[0182] For an electrode structure for a horizontal electric
field mode such as the IPS mode, liquid crystal exhibiting a
blue phase for which an alignment film is unnecessary may be
used.

[0183] FIG.12B is a schematic diagram illustrating a cross
section of a fringe field switching (FFS) mode liquid crystal
display device. In the FFS mode, liquid crystal molecules
always rotate in a plane parallel to substrates. The viewing
angle dependence is small because of small difference in
refractive index of a liquid crystal layer with varying angles
for viewing a screen. The FFS mode employs a horizontal
electric field mode for which electrodes are provided only on
one substrate.

[0184] Aliquid crystal layer 5860 is sandwiched between a
first substrate 5861 and a second substrate 5862 that are
placed opposite to each other. A second electrode 5866 is
formed over the second substrate 5862. An insulating film
5867 is formed over the second electrode 5866. A first elec-
trode 5865 is formed over the insulating film 5867.
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[0185] This embodiment can be implemented in appropri-
ate combination with any of the structures described in the
other embodiments.

Embodiment 4

[0186] In this embodiment, electronic devices including
the liquid crystal display device described in any of the fore-
going embodiments will be described. Examples of elec-
tronic devices include television sets, cameras such as video
cameras and digital cameras, goggle-type displays, naviga-
tion systems, audio replay devices (e.g., car audio systems
and audio systems), computers, game machines, portable
information terminals (e.g., mobile computers, mobile
phones, smartphones, portable game machines, e-book read-
ers, and tablet terminals), and image replay devices provided
with a recording medium (specifically, devices that are
capable of replaying recording media such as digital versatile
discs (DVDs) and equipped with a display device that can
display an image). Specific examples of these electronic
devices will be described with reference to FIGS. 13A t0 13C,
FIGS. 14A to 14C, and FIGS. 15A to 15C.

[0187] FIG. 13A illustrates a portable game machine that
can include ahousing 9630, a display portion 9631, a speaker
9633, operation keys 9635, a connection terminal 9636, a
recording medium reading portion 9672, and the like. The
portable game machine in FIG. 13A can have a function of
reading a program or data stored in the recording medium to
display it on the display portion, a function of sharing infor-
mation with another portable game machine by wireless com-
munication, and the like. Note that a function of the portable
game machine in FIG. 13A is not limited to the above, and the
portable game machine can have a variety of functions.
[0188] FIG.13Billustrates adigital camera that can include
a housing 9630, a display portion 9631, a speaker 9633,
operation keys 9635, a connection terminal 9636, a shutter
button 9676, an image receiving portion 9677, and the like.
The digital camera in FIG. 13B can have a function of shoot-
ing a still image and/or a moving image, a function of auto-
matically or manually correcting the shot image, a function of
saving data such as the shot image, a function of displaying
data such as the shot image on the display portion, and the
like. Note that the digital camera in FIG. 13B can have a
variety of functions without limitation to the above.

[0189] FIG. 13C illustrates a television set that can include
ahousing 9630, a display portion 9631, speakers 9633, opera-
tion key 9635, a connection terminal 9636, and the like. The
television set in FIG. 13C has a function of converting an
electric wave for television into an image signal, a function of
converting an image signal into a signal suitable for display, a
function of converting the frame frequency of an image sig-
nal, and the like. Note that the television set in FIG. 13C can
have a variety of functions without limitation to the above.
[0190] Inthe case where areset signal is input at the timing
at which data for the entire screen of the display portion 9631
are rewritten as has been described in the above embodiment,
the reset signal can be input when channels or input devices
are switched or when a program goes to a commercial break.
[0191] FIG. 14A illustrates a computer that can include a
housing 9630, a display portion 9631, a speaker 9633, opera-
tion keys 9635, a connection terminal 9636, a pointing device
9681, an external connection port 9680, and the like. The
computer in FIG. 14A can have a function of displaying
various kinds of data (e.g., a still image, a moving image, and
atext image) on the display portion, a function of controlling
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processing by various kinds of software (programs), a com-
munication function such as wireless communication or
wired communication, a function of being connected to vari-
ous computer networks with the communication function, a
function of transmitting or receiving a variety of data with the
communication function, and the like. Note that the computer
in FIG. 14A can have a variety of functions without limitation
to the above.

[0192] FIG. 14B illustrates a mobile phone that can include
a housing 9630, a display portion 9631, a speaker 9633,
operation keys 9635, a microphone 9638, an external connec-
tion port 9680, and the like. The mobile phone in FIG. 14B
can have a function of displaying various kinds of data (e.g.,
astill image, a moving image, and a text image) on the display
portion; a function of displaying a calendar, a date, the time,
or the like on the display portion; a function of operating or
editing the data displayed on the display portion; a function of
controlling processing by various kinds of software (pro-
grams); and the like. Note that the functions of the mobile
phone in FIG. 14B are not limited to those described above,
and the mobile phone can have various functions.

[0193] FIG. 14C illustrates an electronic device including
electronic paper (also referred to as an eBook or an e-book
reader) that can include a housing 9630, a display portion
9631, operation keys 9635, and the like. The e-book reader in
FIG. 14C can have a function of displaying various kinds of
data (e.g., a still image, a moving image, and a text image) on
the display portion; a function of displaying a calendar, a date,
the time, and the like on the display portion; a function of
operating or editing the data displayed on the display portion;
a function of controlling processing by various kinds of soft-
ware (programs); and the like. Note that the e-book reader in
FIG. 14C can have a variety of functions without limitation to
the above functions.

[0194] FIGS. 15A and 15B illustrate a tablet-type device
(hereinafter referred to as “tablet”) that can be folded in two.
The tablet is open (unfolded) in FIG. 15A. The tablet includes
a housing 9630, a display portion 9631a, a display portion
96315, a switch 9624 for switching display modes, a power
switch 9625, a switch 9626 for switching to power-saving
mode, a fastener 9623, and an operation switch 9628.

[0195] Part of the display portion 9631a can be a touch
panel region 96424, and data can be input by touching opera-
tion keys 9648 that are displayed. Note that FIG. 15A shows,
as an example, that half of the area of the display portion
9631a has only a display function and the other half of the
area has a touch panel function. However, the structure of the
display portion 9631a is not limited to this, and all the area of
the display portion 9631a may have a touch panel function.
For example, all the area of the display portion 9631a can
display keyboard buttons and serve as a touch panel while the
display portion 96315 can be used as a display screen.
[0196] Like the display portion 9631a, part of the display
portion 96315 can be a touch panel region 96425. When a
finger, a stylus, or the like touches the place where a button
9649 for switching to keyboard display is displayed in the
touch panel, keyboard buttons can be displayed on the display
portion 96315.

[0197] Touch input can be performed concurrently on the
touch panel regions 9642a and 96425.

[0198] The switch 9624 for switching display modes can
switch display orientation (e.g., between landscape mode and
portrait mode) and select a display mode (e.g., switch
between monochrome display and color display), for

Jan. 30,2014

example. With the switch 9626 for switching to power-saving
mode, the luminance of display can be optimized in accor-
dance with the amount of external light that an optical sensor
incorporated in the tablet detects when the tabletisinuse. The
tablet may include another detection device such as a sensor
for detecting orientation (e.g., a gyroscope or an acceleration
sensor) in addition to the optical sensor.

[0199] Although FIG. 15A shows the example where the
display area of the display portion 96314 is the same as that of
the display portion 96315, one embodiment of the present
invention is not limited to this example. The display portions
9631a and 96315 may differ in size and/or image quality. For
example, one of them may be a display panel that can display
higher-definition images than the other.

[0200] FIG. 15B illustrates the tablet which is closed. The
tablet includes the housing 9630, a solar battery 9643, a
charge/discharge control circuit 9644, a battery 9645, and a
DC to DC converter 9646. As an example, FIG. 15B illus-
trates the charge/discharge control circuit 9644 including the
battery 9645 and the DC to DC converter 9646.

[0201] Since the tablet can be folded in two, the housing
9630 can be closed when the tablet is not in use. Thus, the
display portions 9631a and 96315 can be protected, thereby
providing a tablet with high endurance and high reliability for
long-term use.

[0202] Thetablet illustrated in FIGS. 15A and 15B can also
have a function of displaying various kinds of data (e.g.. a still
image, a moving image, and a text image), a function of
displaying a calendar, a date, the time, or the like on the
display portion, a touch input function of operating or editing
data displayed on the display portion by touch input, a func-
tion of controlling processing by various kinds of software
(programs), and the like.

[0203] The solar battery 9643 attached on a surface of the
tablet supplies power to the touch panel, the display portion,
animage signal processor, and the like. The solar battery 9643
can be provided on one or both surfaces of the housing 9630,
so that the battery 9645 can be charged efficiently. The use of
a lithium ion battery as the battery 9645 brings an advantage
such as the reduction in size.

[0204] The structure and operation of the charge/discharge
control circuit 9644 illustrated in FIG. 15B will be described
with reference to a block diagram in FIG. 15C. FIG. 15C
illustrates the solar battery 9643, the battery 9645, the DC to
DC converter 9646, a converter 9647, switches SW1 to SW3,
and the display portion 9631. The battery 9645, the DCto DC
converter 9646, the converter 9647, and the switches SW1 to
SW3 correspond to the charge/discharge control circuit 9644
illustrated in FIG. 15B.

[0205] Anexample of the operation performed when power
is generated by the solar battery 9643 using external light is
described. The voltage of power generated by the solar bat-
tery 9643 is raised or lowered by the DC to DC converter 9646
so as to be a voltage for charging the battery 9645. Then, when
power from the solar battery 9643 is used for the operation of
the display portion 9631, the switch SW1 is turned on and the
voltage of the power is raised or lowered by the converter
9647 so as to be a voltage needed for the display portion 9631.
When images are not displayed on the display portion 9631,
the switch SW1 is turned off and the switch SW2 is turned on
so that the battery 9645 is charged.

[0206] Although the solar battery 9643 is shown as an
example of a power generation means, there is no particular
limitation on a way of charging the battery 9645, and the
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battery 9645 may be charged with another power generation
means such as a piezoelectric element or a thermoelectric
conversion element (Peltier element). For example, the bat-
tery 9645 may be charged with a non-contact power trans-
mission module that transmits and receives power wirelessly
(without contact) to charge the battery or with a combination
of other charging means.

[0207] The electronic device in this embodiment achieves
low power consumption by including the liquid crystal dis-
play device described in any of the above embodiments.
[0208] This embodiment can be implemented in appropri-
ate combination with any of the structures described in the
other embodiments.

[0209] This application is based on Japanese Patent Appli-
cation serial No. 2012-165630 filed with Japan Patent Office
on Jul. 26, 2012, the entire contents of which are hereby
incorporated by reference.

What is claimed is:

1. A liquid crystal display device comprising:

a pixel comprising a liquid crystal element; and

a driver circuit configured to input a video signal to the

pixel while making polarity of the video signal inverted
every m frames (m is a natural number of 2 or more), and
configured to input a reset signal to the pixel when the
video signal is not input to the pixel.

2. The liquid crystal display device according to claim 1,
wherein a potential of the reset signal is higher than a com-
mon potential during a first period and is lower than the
common potential during a second period.

3. The liquid crystal display device according to claim 2,
wherein the potential of the reset signal is approximately the
same as the common potential after the first period and the
second period.

4. The liquid crystal display device according to claim 1,
further comprising a backlight capable of emitting light to the
pixel,

wherein the driver circuit is configured to input the reset

signal to the pixel when the backlight does not emit light.

5. A liquid crystal display device comprising:

a pixel comprising a liquid crystal element and a transistor

electrically connected to the liquid crystal element; and

a driver circuit configured to input a video signal to the

pixel while making polarity of the video signal inverted
every m frames (m is a natural number of 2 or more), and
configured to input a reset signal to the pixel when the
video signal is not input to the pixel,

wherein the transistor comprises an oxide semiconductor

layer comprising a channel formation region.

6. The liquid crystal display device according to claim 5,
wherein a potential of the reset signal is higher than a com-
mon potential during a first period and is lower than the
common potential during a second period.

7. The liquid crystal display device according to claim 6,
wherein the potential of the reset signal is approximately the
same as the common potential after the first period and the
second period.
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8. The liquid crystal display device according to claim 5,

further comprising a backlight capable of emitting light to the
ixel,

’ wherein the driver circuit is configured to input the reset

signal to the pixel when the backlight does not emit light.

9. A liquid crystal display device comprising:

aplurality of pixels each including a transistor and a liquid

crystal element electrically connected to the transistor;
and

adriver circuit configured to input a video signal and areset

signal to each of the plurality of pixels,

wherein the driver circuit is configured to input the video

signal to each of the plurality of pixels while making
polarity of the video signal inverted every m frames (m
is a natural number of 2 or more), and

wherein the driver circuit is configured to input the reset

signal to each of the plurality of pixels in a period during
which the video signal is not input.

10. The liquid crystal display device according to claim 9,

wherein the driver circuit is configured to input the reset

signal to each of the plurality of pixels, wherein a poten-
tial of the reset signal is approximately the same as a
common potential after a period during which the poten-
tial is higher than the common potential and a period
during which the potential is lower than the common
potential are repeated at least one time.

11. The liquid crystal display device according to claim 9,

wherein the liquid crystal element comprises a pair of

electrodes, and

wherein after making a potential difference between the

pair of electrodes of the liquid crystal element approxi-
mately 0V by inputting the reset signal, the transistor is
turned off.

12. The liquid crystal display device according to claim 9,
wherein supply of power is interrupted after the driver circuit
inputs the reset signal to all the plurality of pixels.

13. The liquid crystal display device according to claim 9,
further comprising a backlight capable of emitting light to the
plurality of pixels,

wherein the driver circuit is configured to input the reset

signal to each of the plurality of pixels when the back-
light does not emit light.

14. The liquid crystal display device according to claim 9,
wherein the driver circuit is configured to input the reset
signal to each of the plurality of pixels at the same time as
when data in all the pixels are rewritten.

15. The liquid crystal display device according to claim 9,
further comprising a timer configured to activate the liquid
crystal display device at a set time,

wherein the driver circuit is configured to input the reset

signal to each of the plurality of pixels when the liquid
crystal display device is activated from a power-off state
by the timer.

16. The liquid crystal display device according to claim 9,
wherein the transistor comprises an oxide semiconductor.
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