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Description
TECHNICAL FIELD

[0001] The present invention relates to a method for
driving a liquid crystal display device.

BACKGROUND ART

[0002] Liquid crystal display devices ranging from a
large display device such as a television receiver to a
small display device such as a mobile phone have been
spreading. From now on, products with higher added val-
ues will be needed and are being developed. In recent
years, in view of increase in concern about global envi-
ronment and improvement in convenience of mobile
equipment, development of liquid crystal display devices
with low power consumption has attracted attention.
[0003] Patent Document 1 discloses a structure of a
liquid crystal display device where all data signal lines
are electrically isolated from a data signal driver, which
results in a high impedance state, in order to maintain
constant potentials of data signal lines in an idle period
during which all gate lines and all the signal lines are not
selected. This structure allows reduction in power con-
sumption of the liquid crystal display device.

[0004] Non-Patent Document 1 discloses a structure
of aliquid crystal display device where refresh rates differ
between the case of moving image display and the case
of stillimage display for reduction in power consumption
ofthe liquid crystal display device. Non-Patent Document
1 also discloses a structure where AC signals with the
same phase are supplied to a signal line and a common
electrode alsoin anidle period so that fluctuation in drain-
common voltage can be prevented, in order to prevent
perception of flickers due to the fluctuation in drain-com-
mon voltage, which is caused by switch of signals be-
tween the idle period and a scan period in the case of
still image display.

[0005] US 2005/140632 A1 discloses a liquid crystal
panel including scanning signal lines for supplying scan-
ning signals to gate electrodes of TFTs, and data signal
lines for supplying data signals to data electrodes of
TFTs. The liquid crystal panel further includes auxiliary
capacitive electrode pads for use in forming auxiliary ca-
pacitance and an auxiliary capacitive lines so as not to
generate a capacitive bond with the scanning signal lines.
[0006] US 2009/166616 A1 discloses that oxygen de-
fects formed at the boundary between the zinc oxide type
oxide semiconductor and the gate insulator are terminat-
ed by a surface treatment using sulfur or selenium as an
oxygen group element or a compound thereof to attain
the suppression of the threshold potential shift and the
leak current in the characteristics of a thin film transistor.

[Reference]

[0007] [Patent Document 1] Japanese Published Pat-
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ent Application No. 2001-312253
[0008] [Non-Patent Document 1] Kazuhiko Tsuda et
al., IDW’02, pp. 295-298

DISCLOSURE OF INVENTION

[0009] When complex driving is performed in a liquid
crystal display device as in the structures of Patent Doc-
ument 1 and Non-Patent Document 1, the structure and
operation of a driver circuit which supplies signals to gate
lines and signal lines are complicated and thus power
consumption of the liquid crystal display device cannot
be reduced sufficiently.

[0010] In the case where refresh rates differ between
the case of moving image display and the case of still
image display as in the structure of Non-Patent Docu-
ment 1, the refresh rate in the case of stillimage display
needs to be significantly decreased to further reduce
power consumption of a liquid crystal display device.
However, when the refresh rate in the case of stillimage
display is significantly decreased, images displayed in a
period during which image signals are held are deterio-
rated due to the following problem(s): leakage of charge
tobe heldin a pixel electrode from a pixel transistor and/or
disorder of an image signal between a pixel electrode
and a common electrode due to noise or the like.
[0011] In view of the above problems, an object of an
embodiment of the present invention is to suppress de-
terioration of images displayed in a liquid crystal display
device by reducing the refresh rate in the case of still
image display, without complex operation of a driver cir-
cuit.

[0012] An embodiment of the present invention is a
method for driving a liquid crystal display device accord-
ing to claim 1.

[0013] According to one of the embodiments of the
present invention, the method for driving a liquid crystal
display device may be a method for driving a liquid crystal
display device including a memory circuit which stores
image signals; a comparator circuit which compares the
image signals in each pixel and calculates a difference;
and a display control circuit which controls the driver cir-
cuit and reads out the image signals. In the comparator
circuit, the image signals stored in the memory circuit in
successive frame periods are read out and compared in
each pixel to compare a difference, so that whether a
moving image or a stillimage is displayed is determined.
[0014] According to one of the embodiments of the
present invention, the method for driving a liquid crystal
display device may be a method in which a conduction
state or a non-conduction state between the common
electrode and the terminal portion to which the common
potential is supplied is controlled by the switching tran-
sistor in accordance with a signal supplied from the dis-
play control circuit to a gate terminal of the switching tran-
sistor.

[0015] According to one of the embodiments of the
present invention, the driving method of a liquid crystal
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display device may be a method in which the switching
transistor has an off current per micrometer in channel
width of 10 zA/um or less at room temperature, and a
conduction state or a non-conduction state between the
common electrode and the terminal portion to which the
common potential is supplied is controlled by the switch-
ing transistor.

[0016] According to one of the embodiments of the
presentinvention, even if a refresh rate in the case of still
image display is decreased, deterioration of displayed
images can be suppressed.

BRIEF DESCRIPTION OF DRAWINGS
[0017]

FIG. 1 illustrates a liquid crystal display device ac-
cording to an embodiment of the present invention.
FIGS. 2A to 2C illustrate a liquid crystal display de-
vice according to an embodiment of the present in-
vention.

FIG. 3 illustrates a liquid crystal display device ac-
cording to an embodiment of the present invention.
FIG. 4 illustrates a liquid crystal display device ac-
cording to an embodiment of the present invention.
FIGS. 5A and 5B each illustrate a liquid crystal dis-
play device according to an embodiment of the
present invention.

FIG. 6 illustrates a liquid crystal display device ac-
cording to an embodiment of the present invention.
FIGS. 7A to 7C illustrate a liquid crystal display de-
vice according to an embodiment of the present in-
vention.

FIGS. 8A and 8B each illustrate a liquid crystal dis-
play device according to an embodiment of the
present invention.

FIGS. 9A to 9D each illustrate electronic equipment
according to an embodiment of the present inven-
tion.

FIGS. 10A to 10D each illustrate electronic equip-
ment according to an embodiment of the present in-
vention.

FIGS. 11A to 11C illustrate a liquid crystal display
device according to an embodiment of the present
invention.

FIG. 12 illustrates a liquid crystal display device ac-
cording to an embodiment of the present invention.
FIG. 13 illustrates a liquid crystal display device ac-
cording to an embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0018] Hereinafter, embodiments of the presentinven-
tion will be described with reference to the accompanying
drawings. However, the present invention can be carried
out in many different modes, and it is easily understood
by those skilled in the art that modes and details of the
presentinvention can be modified in various ways without
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departing from the purpose and the scope of the present
invention. Therefore, the present invention should not be
construed as being limited to the following description of
the embodiments. Note that in structures of the present
invention described below, identical portions are denoted
by the same reference numerals in different drawings.
[0019] Note that the size, the thickness of a layer, or
distortion of the waveform of a signal of each of structures
illustrated inthe drawings and the like in the embodiments
is exaggerated for simplicity in some cases. Therefore,
embodiments of the present invention are not limited to
such scales.

[0020] Note that in this specification, terms such as
"first", "second", "third", and "N-th" (Nis a natural number)
are used in order to avoid confusion among components
and do not limit the number of the components.

(Embodiment 1)

[0021] In this embodiment, block diagrams, timing
charts, and the like of liquid crystal display devices will
be described.

[0022] First, FIG. 1is ablock diagram of a liquid crystal
display device, which illustrates components of the liquid
crystal display device of this specification.

[0023] A liquid crystal display device 100 in FIG. 1 in-
cludes a display panel 101, a memory circuit 102, a com-
parator circuit 103, a display control circuit 104, and a
selection circuit 109.

[0024] The display panel 101 includes, for example, a
driver circuit portion 105, a pixel circuit portion 106, a
common electrode portion 110, and a switching transistor
111. The driver circuit portion 105 includes a gate line
driver circuit 107A and a signal line driver circuit 107B.
[0025] The gate line driver circuit 107A and the signal
line driver circuit 107B are driver circuits for driving the
pixel circuit portion 106 including a plurality of pixels. The
gate line driver circuit 107A and the signal line driver cir-
cuit 107B each include a shift register circuit. The gate
line driver circuit 107A, the signal line driver circuit 107B,
the pixel circuit portion 106, and the switching transistor
111 are formed using thin film transistors formed over
one substrate. Note that the gate line driver circuit 107A
and the signal line driver circuit 107B, and the pixel circuit
portion 106 and the switching transistor 111 may be
formed over different substrates.

[0026] A high power supply potential Vdd, a low power
supply potential Vss, a start pulse SP, a clock signal CK,
and animage signal Data are supplied to the driver circuit
portion 105 by control of the display control circuit 104.
A common potential Vcom is supplied to the common
electrode portion 110 through the switching transistor
111 by control of the display control circuit 104.

[0027] Note that a high power supply potential VVdd re-
fers to a potential which is higher than a reference po-
tential, and a low power supply potential refers to a po-
tential which is lower than or equal to the reference po-
tential. It is desirable that each of the high power supply
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potential and the low power supply potential be a potential
at which a thin film transistor can operate. A potential
difference between the high power supply potential Vdd
and the low power supply potential Vss is referred to as
a power supply voltage in some cases.

[0028] Note that a voltage refers to a potential differ-
ence between a given potential and a reference potential
(e.g., a ground potential) in many cases. Accordingly, a
voltage can also be referred to as a potential.

[0029] A common potential Vcom may be any potential
as long as it serves as reference with respect to a poten-
tial of an image signal Data supplied to a pixel electrode.
For example, the common potential Vcom may be a
ground potential. Note that the image signal Data may
be appropriately inverted in accordance with dot inver-
sion driving, source line inversion driving, gate line inver-
sion driving, frame inversion driving, or the like to be input
to the display panel 101.

[0030] Note thatin the case where an image signal for
displaying a moving image or a still image which is sup-
plied to the memory circuit 102 is an analog signal, the
image signal may be converted into a digital signal
through an A/D converter or the like to be supplied to the
memory circuit 102. The image signal is converted into
a digital signal in advance, whereby detection of a differ-
ence between image signals that is to be performed later
can be easily performed, which is preferable.

[0031] The memory circuit 102 includes a plurality of
frame memories 108 for storing image signals for a plu-
rality of frames. The number of frame memories 108 in-
cluded in the memory circuit 102 is not particularly limited
and the memory circuit 102 may be an element that can
store image signals of a plurality of frames. Note that the
frame memory 108 may be formed using a memory ele-
ment such as a dynamic random access memory
(DRAM) or a static random access memory (SRAM).
[0032] The number of the frame memories 108 is not
particularly limited as long as an image signal can be
stored for each frame period. The image signals of the
frame memories 108 are selectively read out by the com-
parator circuit 103 and the selection circuit 109.

[0033] Note that a switching transistor is an element
formed of a thin film transistor in which conduction or
non-conduction between two terminals, i.e., a source ter-
minal and a drain terminal, is selected in accordance with
a voltage applied to a gate to realize switching operation.
[0034] In the structure according to this embodiment,
an oxide semiconductoris used for a semiconductor layer
of a thin film transistor included in each of the pixel circuit
portion 106 and the switching transistor 111. The oxide
semiconductor is an oxide semiconductor made to be an
intrinsic (i-type) or substantially intrinsic by removal of
hydrogen that is an n-type impurity to be highly purified
so that impurities that are not main components of the
oxide semiconductor are contained as little as possible.
That is, a feature is that a highly purified i-type (intrinsic)
semiconductor or a substantially i-type semiconductor is
obtained not by adding an impurity but by reducing an
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impurity such as hydrogen or water as much as possible.
Thus, an oxide semiconductor layer included in a thin
film transistor is highly purified to become electrically i-
type (intrinsic).

[0035] In addition, a highly purified oxide semiconduc-
tor includes extremely few carriers (close to zero), and
the carrier concentration thereof is lower than 1 X
1014/cm3, preferably lowerthan 1 X 1012/cm3, more pref-
erably 1 X 1011/cm3.

[0036] Since the oxide semiconductor includes ex-
tremely few carriers, the off current can be reduced in a
transistor. Specifically, in a thin film transistor including
the above oxide semiconductor layer, the off current per
micrometer in channel width can be less than or equal
to 10 aA/um (1 X 10717 A/um), preferably less than or
can be equal to 1 aA/um (1 X 10-18 A/um), more prefer-
ably 10 zA/um (1 X 1020 A/um). That is to say, in circuit
design, the oxide semiconductor layer can be regarded
as an insulator when the thin film transistor is off. On the
other hand, when a thin film transistor including an oxide
semiconductor layer is on, the current supply capability
of the thin film transistor including an oxide semiconduc-
tor layer is expected to be higher than that of a thin film
transistor including a semiconductor layer formed of
amorphous silicon.

[0037] When athin film transistor having a significantly
low off current is used for the pixel circuit portion 106, a
pixel electrode can be electrically isolated from signal
lines which may cause fluctuation in potential of the pixel
electrode of each pixel. Thus, fluctuation in potential of
the pixel electrode due to fluctuation in potential of the
signal line can be suppressed. Further, a thin film tran-
sistor having a significantly low off current is used for the
switching transistor 111, whereby the common electrode
portion can be isolated from an external terminal portion
to which the common potential Vcom is supplied, and the
common electrode portion can be brought into an elec-
trically floating state. Thus, fluctuation in voltage applied
to both electrodes of a liquid crystal element, due to noise
or the like, can be suppressed.

[0038] When an oxide semiconductor is used for a
semiconductor layer of a thin film transistor included in
each of the pixel circuit portion 106 and the switching
transistor 111, therefreshrate isreduced, so that a period
during which the gate line driver circuit and the signal line
driver circuit do not operate in a period during which a
stillimage is displayed is significantly extended, and dis-
play of a pixel can be maintained as it is. Consequently,
without complex operations of the driver circuits, supply
of a signal for driving the gate line driver circuit and the
signal line driver circuit can be stopped for a longer time
and power consumption can be reduced. Note that there
is absolutely no problem when a potential of a pixel elec-
trode of each pixel is refreshed approximately every
minute or longer in the case of using a thin film transistor
including an oxide semiconductor having an extremely
low off current. Further, when an oxide semiconductor is
used for the semiconductor layer of the thin film transistor
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included in each of the pixel circuit portion 106 and the
switching transistor 111, both electrodes of the liquid
crystal element can be in a floating state, and thus dete-
rioration of displayed images due to noise or the like can
be suppressed.

[0039] As the oxide semiconductor layer, a four-com-
ponent metal oxide film such as an In-Sn-Ga-Zn-O-based
film; a three-component metal oxide film such as an In-
Ga-Zn-0O-based film, an In-Sn-Zn-O-based film, an In-Al-
Zn-O-based film, a Sn-Ga-Zn-O-based film, an Al-Ga-
Zn-O-based film, or a Sn-Al-Zn-O-based film; or a two-
component metal oxide film such as an In-Zn-O-based
film, a Sn-Zn-O-based film, an Al-Zn-O-based film, a Zn-
Mg-O-based film, a Sn-Mg-O-based film, or an In-Mg-O-
based film; an In-O-based film, a Sn-O-based film, or a
Zn-O-based film can be used. Further, SiO, may be con-
tained in the above oxide semiconductor layer.

[0040] As the oxide semiconductor, a thin film repre-
sented by InMO4 (ZnO),,, (m > 0) can be used. Here, M
represents one or more metal elements selected from
Ga, Al, Mn, and Co. For example, M can be Ga, Ga and
Al, Ga and Mn, Ga and Co, or the like. An oxide semi-
conductor whose composition formula is represented by
INMO3 (Zn0O),,, (m > 0), which includes Ga as M, is re-
ferred to as the In-Ga-Zn-O-based oxide semiconductor
described above, and a thin film of the In-Ga-Zn-O-based
oxide semiconductor is also referred to as an In-Ga-Zn-
O-based film.

[0041] In a thin film transistor including an oxide sem-
iconductor layer, the temperature dependence of an on
current can hardly be observed and an off current re-
mains significantly low; thus, the thin film transistor in-
cluding an oxide semiconductor layer is preferably used
at high temperature.

[0042] The comparator circuit 103 is a circuit which se-
lectively reads out image signals in successive frame pe-
riods stored in the memory circuit 102, compares the im-
age signalsin the successive frame periods in each pixel,
and detects a difference thereof. Depending on whether
a difference is detected, operations in the display control
circuit 104 and the selection circuit 109 are determined.
When a difference is detected in any of the pixels by
comparing the image signals in the comparator circuit
103, a series of frame periods during which the difference
is detected are judged as periods during which a moving
image is displayed. On the other hand, when a difference
is not detected in all the pixels by comparing the image
signals in the comparator circuit 103, a series of frame
periods during which no difference is detected are judged
as periods during which a stillimage is displayed. In other
words, depending on whether a difference is detected by
the comparator circuit 103, whether the image signals in
the successive frame periods are image signals for dis-
playing a moving image or image signals for displaying
a still image is determined. The difference obtained by
the comparison may be set so as to be determined as a
difference to be detected when it is over a predetermined
level. The comparator circuit 103 may be set so as to
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judge detection of a difference in accordance with the
absolute value of the difference regardless of the value
of the difference.

[0043] Note thatin this embodiment, whether a still im-
age or a moving image is displayed is determined by
detecting a difference between image signals in succes-
sive frame periods with the comparator circuit 103; how-
ever, a signal for determining whether a moving image
or astillimage is displayed may be supplied by externally
supplying a signal for switching between a stillimage and
a moving image.

[0044] Note that the moving image refers to an image
which is recognized as a moving image with human eyes
by rapid switch of a plurality of images which are time-
divided into a plurality of frames. Specifically, by switch-
ing images at least 60 times (60 frames) per second, a
moving image with less flicker is perceived by human
eyes. In contrast, a still image refers to image signals
which are the same in a series of frame periods, for ex-
ample, in the n-th frame and (n+1)-th frame, unlike the
moving image, although a plurality of images which are
time-divided into a plurality of frames are switched at high
speed.

[0045] The selection circuit 109 is a circuit for selecting
image signals from the frame memory 108 where the
image signals for displaying a moving image are stored
and outputting the image signals to the display control
circuit 104 when a difference is detected by calculation
with the comparator circuit 103, that is, when images dis-
played in successive frame periods are moving images.
Note that the selection circuit 109 does not output the
image signals to the display control circuit 104 when a
difference between the image signals is not detected by
calculation with the comparator circuit 103, that is, when
images displayed in successive frame periods are still
images. When a still image is displayed, the selection
circuit 109 does not output image signals from the frame
memory 108 to the display control circuit 104, resulting
in areductionin power consumption. The selection circuit
109 may include a plurality of switches, for example,
switches formed of transistors.

[0046] The display control circuit 104 is a circuit for
controlling supply of an image signal to the driver circuit
portion 105, which is selected by the selection circuit 109
when a difference is detected in the comparator circuit
103 and supply or stop of supply of a control signal for
controlling the driver circuit portion 105, such as the high
power supply potential VVdd, the low power supply poten-
tial Vss, the start pulse SP, or the clock signal CK, to the
driver circuit portion 105. Specifically, when the compa-
rator circuit 103 determines that a moving image is dis-
played, an image signal is read out from the memory
circuit 102 through the selection circuit 109 and supplied
to the driver circuit portion 105 from the display control
circuit 104, and a control signal is supplied to the driver
circuit portion 105 from the display control circuit 104. On
the other hand, when the comparator circuit 103 deter-
mines that a still image is displayed, an image signal is
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not supplied to the display control circuit 104 from the
selection circuit 109; therefore, the image signal is not
supplied to the driver circuit portion 105 and supply of
each control signal to the driver circuit portion 105 is
stopped.

[0047] Note that the display control circuit 104 turns on
the switching transistor 111 when a difference is detected
by calculation with the comparator circuit 103, whereas
the display control circuit 104 turns off the switching tran-
sistor 111 when adifference is not detected by calculation
with the comparator circuit 103.

[0048] The supply of any signal refers to supply of a
predetermined potential to a wiring. The stop of supply
of any signal refers to stop of supply of a predetermined
potential to the wiring, and connection to a wiring to which
a predetermined fixed potential is supplied, for example,
a wiring to which the low power supply potential Vss is
supplied, or disconnection from a wiring to which a pre-
determined potential is supplied, which results in a float-
ing state.

[0049] Note that in the case where an image is deter-
mined to be a still image, when the period during which
the image is assumed to be the still image is short, stop
of supply of the high power supply potential Vdd and the
low power supply potential Vss among the control signals
is not necessarily performed. This isbecause an increase
in power consumption due to repetition of stop and start
of supply of the high power supply potential Vdd and the
low power supply potential Vss can be reduced, which
is favorable.

[0050] It is desirable that the supply of the image sig-
nals and the control signals be stopped for a period during
which the image signal can be held in each pixel in the
pixel circuit portion 106. Therefore, the image signals and
the control signals supplied from the display control cir-
cuit 104 in the previous period may be periodically sup-
plied so that the image signals are supplied again after
the holding period of image signals in each pixel. Note
that an oxide semiconductor is used for the semiconduc-
tor layer of the thin film transistor included in the pixel
circuit portion 106; thus, image signals can be held for a
longer time.

[0051] For a shift register included in each of the gate
line driver circuit 107A and the signal line driver circuit
107B of the driver circuit portion 105, a circuit for sequen-
tially outputting pulses such as a clock signal, aninverted
clock signal, and a start pulse from an output terminal of
a first stage may be used.

[0052] Here, FIGS. 11A to 11C illustrate an example
of a shift register included in each of the gate line driver
circuit 107A and the signal line driver circuit 107B.
[0053] The shift register in FIG. 11A includes a first to
N-th pulse output circuits 10_1 to 10_N (N is a natural
number greater than or equal to 3). In the shift register
illustrated in FIG. 11A, a first clock signal CK1, a second
clock signal CK2, a third clock signal CK3, and a fourth
clock signal CK4 are supplied from a first wiring 11, a
second wiring 12, a third wiring 13, and a fourth wiring
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14, respectively, to the first to N-th pulse output circuits
10_1 to 10_N. A start pulse SP1 (a first start pulse) is
input from a fifth wiring 15 to the first pulse output circuit
10_1. To the n-th pulse output circuit 10_n of the second
or subsequent stage (n is a natural number greater than
or equal to 2 and less than or equal to N), a signal from
the pulse output circuit of the previous stage (such a sig-
nal is referred to as a previous-stage signal OUT(n-1))
(nis a natural number greater than or equal to 2) is input.
To the first pulse output circuit 10_1, a signal from the
third pulse output circuit 10_3 of the stage following the
next stage is input. In a similar manner, to the n-th pulse
output circuit 10_n of the second or subsequent stage,
a signal from the (n+2)-th pulse output circuit 10_(n+2)
of the stage following the next stage (such a signal is
referred to as a subsequent-stage signal OUT(n+2)) is
input. Thus, the pulse output circuits of the respective
stages output first output signals (OUT(1)(SR) to
OUT(N)(SR)) to be input to the pulse output circuits of
the subsequent stages and/or the pulse output circuits
of the stages before the preceding stages and second
output signals (OUT(1) to OUT(N)) to be input to different
circuits or the like. Note that the subsequent-stage signal
OUT(n+2) is not input to the last two stages of the shift
register as illustrated in FIG. 11A, and thus, a second
start pulse SP2 and a third start pulse SP3 may be ad-
ditionally input to the stage before the last stage and the
last stage from a sixth wiring 17 and a seventh wiring 18,
respectively, for example. Alternatively, a signal which is
additionally generated in the shift register may be input.
For example, an (N+1)-th pulse output circuit 10_(N+1)
and an (N+2)-th pulse output circuit 10_(N+2) which do
not contribute to output of pulses to the pixel portion (such
circuits are also referred to as dummy stages) may be
provided so that signals corresponding to the second
start pulse (SP2) and the third start pulse (SP3) are gen-
erated in the dummy stages.

[0054] Note that a first clock signal (CK1) to a fourth
clock signal (CK4) are signals each of which alternates
between an H-level and an L-level at regular intervals.
Further, the first clock signal (CK1) to the fourth clock
signal (CK4) are delayed by 1/4 cycle sequentially. In this
embodiment, driving of the pulse output circuit is control-
led with the first to fourth clock signals (CK1) to (CK4).
Note that the clock signal CK is also referred to as GCK
or SCK in some cases depending on a driver circuit to
which the clock signal is input; the clock signal is referred
to as CK in the following description.

[0055] Note that when it is explicitly described that "A
and B are connected," the case where A and B are elec-
trically connected, the case where A and B are function-
ally connected, and the case where A and B are directly
connected are included therein. Here, each of A and B
corresponds to an object (e.g., a device, an element, a
circuit, a wiring, an electrode, a terminal, a conductive
film, or a layer). Thus, connection relation other than that
shown in drawings and texts is also included without lim-
itation to a predetermined connection relation, for exam-
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ple, the connection relation shown in the drawings and
the texts.

[0056] Each of the first to N-th pulse output circuits
10_1to 10_Nisassumedtoinclude the firstinput terminal
21, the second input terminal 22, the third input terminal
23, a fourth input terminal 24, a fifth input terminal 25, a
first output terminal 26, and a second output terminal 27
(see FIG. 11B).

[0057] Afirstinput terminal 21, a second input terminal
22, and athird input terminal 23 are electrically connected
to any of the first to fourth wirings 11 to 14. For example,
in the first pulse output circuit 10_1 in FIGS. 11A and
11B, the first input terminal 21 is connected to the first
wiring 11; the second input terminal 22 is connected to
the second wiring 12; and the third input terminal 23 is
connected to the third wiring 13. In the second pulse out-
put circuit 10_2, the first input terminal 21 is connected
to the second wiring 12, the second input terminal 22 is
connected to the third wiring 13, and the third input ter-
minal 23 is connected to the fourth wiring 14.

[0058] In the first pulse output circuit 10_1 in FIGS.
11A and 11B, a start pulse is input to the fourth input
terminal 24; a subsequent-stage signal OUT(3) is input
to the fifth input terminal 25; the first output signal
OUT(1)(SR) is output from the first output terminal 26;
and the second output signal OUT(1) is output from the
second output terminal 27.

[0059] Next, an example of a specific circuit configu-
ration of the pulse output circuit will be described with
reference to FIG. 11C.

[0060] InFIG. 11C, afirst terminal of the first transistor
31 is connected to the power supply line 51, a second
terminal of the first transistor 31 is connected to a first
terminal of the ninth transistor 39, and a gate electrode
of the first transistor 31 is connected to the fourth input
terminal 24. A first terminal of the second transistor 32
is connected to the power supply line 52, a second ter-
minal of the second transistor 32 is connected to the first
terminal of the ninth transistor 39, and a gate electrode
of the second transistor 32 is connected to a gate elec-
trode of the fourth transistor 34. A first terminal of the
third transistor 33 is connected to the first input terminal
21, and a second terminal of the third transistor 33 is
connected to the first output terminal 26. A first terminal
of the fourth transistor 34 is connected to the power sup-
ply line 52, and a second terminal of the fourth transistor
34 is connected to the first output terminal 26. A first
terminal of the fifth transistor 35 is connected to the power
supply line 52, a second terminal of the fifth transistor 35
is connected to the gate electrode of the second transistor
32 and the gate electrode of the fourth transistor 34, and
a gate electrode of the fifth transistor 35 is connected to
the fourth input terminal 24. A first terminal of the sixth
transistor 36 is connected to the power supply line 51, a
second terminal of the sixth transistor 36 is connected to
the gate electrode of the second transistor 32 and the
gate electrode of the fourth transistor 34, and a gate elec-
trode of the sixth transistor 36 is connected to the fifth
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input terminal 25. A first terminal of the seventh transistor
37 is connected to the power supply line 51, a second
terminal of the seventh transistor 37 is connected to a
second terminal of the eighth transistor 38, and a gate
electrode of the seventh transistor 37 is connected to the
third input terminal 23. A first terminal of the eighth tran-
sistor 38 is connected to the gate electrode of the second
transistor 32 and the gate electrode of the fourth transis-
tor 34, and a gate electrode of the eighth transistor 38 is
connected to the second input terminal 22. The first ter-
minal of the ninth transistor 39 is connected to the second
terminal of the first transistor 31 and the second terminal
of the second transistor 32, a second terminal of the ninth
transistor 39 is connected to a gate electrode of the third
transistor 33 and a gate electrode of the tenth transistor
40, and a gate electrode of the ninth transistor 39 is con-
nected to the power supply line 51. A first terminal of the
tenth transistor 40 is connected to the first input terminal
21, a second terminal of the tenth transistor 40 is con-
nected to the second output terminal 27, and the gate
electrode of the tenth transistor 40 is connected to the
second terminal of the ninth transistor 39. A first terminal
of the eleventh transistor 41 is connected to the power
supply line 52, a second terminal of the eleventh transis-
tor 41 is connected to the second output terminal 27, and
agate electrode of the eleventh transistor 41 is connected
to the gate electrode of the second transistor 32 and the
gate electrode of the fourth transistor 34.

[0061] InFIG. 11C, a portion where the gate electrode
of the third transistor 33, the gate electrode of the tenth
transistor 40, and the second terminal of the ninth tran-
sistor 39 are connected is referred to as a node NA. More-
over, a portion where the gate electrode of the second
transistor 32, the gate electrode of the fourth transistor
34, the second terminal of the fifth transistor 35, the sec-
ond terminal of the sixth transistor 36, the first terminal
of the eighth transistor 38, and the gate electrode of the
eleventh transistor 41 are connected is referred to as a
node NB.

[0062] Inthe case where the pulse output circuitin FIG.
11C is the first pulse output circuit 10_1, the first clock
signal CK1 is input to the first input terminal 21; the sec-
ond clock signal CK2 is input to the second input terminal
22; the third clock signal CK3 is input to the third input
terminal 23; the start pulse SP is input to the fourth input
terminal 24; a subsequent-stage signal OUT(3) is input
to the fifth input terminal 25; the first output signal
OUT(1)(SR) is output from the first output terminal 26;
and the second output signal OUT(1) is output from the
second output terminal 27.

[0063] FIG. 12 illustrates a timing chart of a shift reg-
isterincluding a plurality of pulse output circuits illustrated
in FIG. 11C. Note that when the shift register is the one
of a gate line driver circuit, a period 61 in FIG. 12 corre-
sponds to a vertical retrace period and a period 62 cor-
responds to a gate selection period.

[0064] Next, advantages of providing the switching
transistor 111 connected to the common electrode por-



13 EP 2 513 894 B1 14

tion 110 in the display panel 101 illustrated in FIG. 1 will
be described with reference to a schematic diagram, a
circuit diagram, and the like in FIGS. 2A to 2C. In FIGS.
2A to 2C, a circuit such as a display control circuit (not
illustrated) is provided outside the display panel, and a
predetermined signal (the high power supply potential
Vdd, the low power supply potential Vss, the start pulse
SP, the clock signal CK, the image signal Data, the com-
mon potential Vcom, or the like) is input from the outside
through a terminal portion.

[0065] A display panel in FIG. 2A includes a first sub-
strate 201 and a second substrate 202. The first substrate
201 includes a pixel circuit portion 203, a gate line driver
circuit 204, a signal line driver circuit 205, a terminal por-
tion 206, and a switching transistor 207. The second sub-
strate 202 includes a common connection portion 208
(also referred to as a common contact) and a common
electrode 209 (also referred to as a counter electrode).
[0066] Note thatthe common electrode 209 is provided
over the second substrate 202 with the common connec-
tion portion 208 therebetween in this embodiment; how-
ever, the common electrode 209 may be provided on the
first substrate side.

[0067] It is necessary that the first substrate 201 and
the second substrate 202 have light-transmitting proper-
ties and heat resistance high enough to withstand heat
treatment to be performed later. As the first substrate 201
and the second substrate 202, any glass substrate used
in the electronics industry (also called a non-alkali glass
substrate) such as an aluminosilicate glass substrate, an
aluminoborosilicate glass substrate, or a barium borosil-
icate glass substrate, a quartz substrate, a ceramic sub-
strate, a plastic substrate, or the like can be used.
[0068] Note that the pixel circuit portion 203, the gate
line driver circuit 204, the signal line driver circuit 205,
and the switching transistor 207 in FIG. 2A may be formed
using thin film transistors formed over the first substrate
201. Note that the gate line driver circuit 204 and the
signal line driver circuit 205 are not necessarily formed
using thin film transistors formed over the first substrate
201 and may be formed over another substrate outside
the first substrate 201, or the like as illustrated in FIG. 3.
[0069] Note that in the pixel circuit portion 203, a plu-
rality of gate lines and a plurality of signal lines are ex-
tended from the gate line driver circuit 204 and the signal
line driver circuit 205, and a plurality of pixels are provided
so that the pixels are surrounded by the gate lines and
the signal lines.

[0070] A signal controlled by the display control circuit
104 in FIG. 1 is supplied from the terminal portion 206.
That is, a predetermined signal (the high power supply
potential Vdd, the low power supply potential Vss, the
start pulse SP, the clock signal CK, the image signal Data,
the common potential Vcom, or the like) for outputting a
pulse signal for performing display in the pixel circuit por-
tion 203 is supplied from the outside through the terminal
portion 206.

[0071] The common connection portion 208 is provid-
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ed for achieving electrical connection between the sec-
ond terminal of the switching transistor 207 in the first
substrate 201 and the common electrode 209 in the sec-
ond substrate 202. The common potential is supplied
from the terminal portion 206 to the common electrode
209 through the switching transistor 207 and the common
connection portion 208. As a specific example of the com-
mon connection portion 208, a conductive particle in
which an insulating sphere is coated with a thin metal
film may be used, so that electrical connection is made.
Note that two or more common connection portions 208
may be provided between the first substrate 201 and the
second substrate 202.

[0072] It is preferable that the common electrode 209
overlap with a pixel electrode included in the pixel circuit
portion 203. Further, the common electrode 209 and the
pixel electrode included in the pixel circuit portion 203
may have a variety of opening patterns.

[0073] FIG. 2B is a circuit diagram in which the struc-
ture of the pixel circuit portion 203 in the schematic view
of the display panel of FIG. 2A is particularly illustrated
in detail.

[0074] The liquid crystal display device illustrated in
FIG. 2B includes the first substrate 201 and the second
substrate 202 as in FIG. 2A. The first substrate 201 in-
cludes the pixel circuit portion 203, the gate line driver
circuit 204, the signal line driver circuit 205, the terminal
portion 206, and the switching transistor 207. The second
substrate 202 includes the common connection portion
208 and the common electrode 209.

[0075] InFIG. 2B, inthe pixel circuit portion 203, a plu-
rality of gate lines 211 and a plurality of signal lines 212
are arranged in matrix, and pixels 213 each including a
thin film transistor (hereinafter referred to as a pixel tran-
sistor 214); a liquid crystal element 215 in which a liquid
crystal is interposed between a first electrode and a sec-
ond electrode; and a capacitor 210 are provided. In FIG.
2B, one of a source terminal and a drain terminal of the
pixel transistor 214 is referred to as a first terminal, and
the other of the source terminal and the drain terminal is
referred to as a second terminal. The first terminal is con-
nected to the signal line 212, a gate terminal is connected
tothe gate line 211, and the second terminal is connected
to the first electrode of the liquid crystal element 215. In
FIG. 2B, one of electrodes of the capacitor 210 is con-
nected to the first electrode of the liquid crystal element
215, and the other electrode is connected to another wir-
ing. Note that the first electrode of the liquid crystal ele-
ment 215 corresponds to the pixel electrode, and the
second electrode of the liquid crystal element 215 corre-
sponds to the common electrode 209.

[0076] Note thatalthough the pixel 213 is provided with
the capacitor 210 in FIG. 2B, the capacitor is not neces-
sarily provided.

[0077] Next, FIG. 2C is a circuit diagram of one pixel
of pixels including pixel electrodes. The circuit diagram
in FIG. 2C focuses on the pixel transistor 214 and the
switching transistor 207. A gate terminal of the pixel tran-
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sistor 214 is connected to the gate line 211, the first ter-
minal of the pixel transistor 214 is connected to the signal
line 212, and the second terminal of the pixel transistor
214 is connected to the pixel electrode 221. The gate
terminal of the switching transistor 207 is connected to
a terminal 206A of the terminal portion 206, the first ter-
minal of the switching transistor 207 is connected to a
terminal 206B of the terminal portion 206, and the second
terminal of the switching transistor 207 is electrically con-
nected to a common electrode 222 through the common
connection portion 208. Note that a liquid crystal 223 is
interposed between the pixel electrode 221 and the com-
mon electrode 222. The pixel electrode 221, the common
electrode 222, and the liquid crystal 223 may be collec-
tively referred to as a liquid crystal element.

[0078] FIG. 4 is a timing chart illustrating the state of
signals supplied to the terminals, the gate line driver cir-
cuit 204, and the signal line driver circuit 205 in the circuit
diagramin FIG. 2C. Note that as an example of the timing
chart, a period 401 in FIG 4 corresponds to a moving
image writing period and a period 402 in FIG. 4 corre-
sponds to a still image display period. The period in FIG.
4 may be determined to be either the moving image writ-
ing period or the still image display period in accordance
with the result of the determination of whether an image
is a moving image or a still image. In FIG. 4, GCK refers
to a clock signal supplied to the gate line driver circuit
204; GSP refers to a start pulse supplied to the gate line
driver circuit 204; SCK refers to a clock signal supplied
to the signal line driver circuit 205; and SSP refers to a
start pulse supplied to the signal line driver circuit 205.
In addition, FIG. 4 also shows a potential of the signal
line 212, a potential of the pixel electrode 221, a potential
of the terminal 206A, a potential of the terminal 206B,
and a potential of the common electrode 222. For the
structure of a shift register in a driver circuit portion to
which GCK which is a clock signal, GSP which is a start
pulse, SCK which is a clock signal, and GSP which is a
start pulse are supplied, the structure of the circuit de-
scribed in FIGS. 11A to 11C and FIG. 12 may be used
practically.

[0079] Notethatthe period401 corresponds toa period
during which image signals for displaying amoving image
are written. Further, the period 402 corresponds to a pe-
riod during which a still image is displayed. Thus, in the
period 401, operation is performed so that the image sig-
nals and the common potential are supplied to the pixels
in the pixel circuit portion 203 and the common electrode.
On the other hand, in the period 402, the supply of the
image signals and the common potential to the pixels in
the pixel circuit portion 203 and the common electrode
is stopped. Note that each signal is supplied in the period
402 so that operation of the driver circuit portion is
stopped in FIG. 4; however, it is preferable to prevent
deterioration of a still image by writing image signals pe-
riodically in accordance with the length of the period 402.
[0080] Inthe period 401, a clock signal GCKis supplied
at all times as illustrated in FIG. 4; a start pulse GSP is
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supplied in accordance with a vertical synchronizing fre-
quency as illustrated in FIG. 4; a clock signal SCK is
supplied at all times as illustrated in FIG. 4; and a start
pulse SSP is supplied in accordance with one gate se-
lection period as illustrated in FIG. 4. In the period 401,
an image signal Data, which is to be supplied to the pixel
of each row, is supplied to the signal line 212, and the
potential of the signal line 212 is supplied to the pixel
electrode 221 in the pixelin accordance with the potential
of the gate line 211, asillustrated in FIG. 4. Further, from
the display control circuit 104, the terminal 206A corre-
sponding to the gate terminal of the switching transistor
207 is given a potential at which the switching transistor
207 is turned on, so that the common potential, which is
the potential of the terminal 206B, is supplied to the com-
mon electrode 222, as illustrated in FIG. 1 and FIGS. 2A
to 2C.

[0081] In the period 402, the supply of both the clock
signal GCK and the start pulse GSP is stopped as illus-
trated in FIG. 4; the supply of both the clock signal SCK
and the start pulse SSP is also stopped as illustrated in
FIG. 4; and the supply of the image signal Data, which
has been supplied to the signal line 212, is also stopped
as illustrated in FIG. 4. In the period 402, the supply of
both the clock signal GCK and the start pulse GSP is
stopped asiillustrated in FIG 4, so that the pixel transistor
214 is turned off, the supply of the image signal Data is
stopped, and the pixel electrode 221 is brought into a
floating state. Furthermore, the terminal 206A corre-
sponding to the gate terminal of the switching transistor
207 is given a potential at which the switching transistor
207 is turned off; thus, the supply of the common poten-
tial, which is the potential of the terminal 206B, is stopped.
Consequently, the common electrode 222 is brought into
a floating state.

[0082] Thatis, inthe period 402, both electrodes of the
liquid crystal 223, i.e., the pixel electrode 221 and the
common electrode 222, can be brought into a floating
state; thus, a still image can be displayed without supply
of another potential. The supply of a clock signal and a
start pulse to the gate line driver circuit 204 and the signal
line driver circuit 205 is stopped, whereby low power con-
sumption can be achieved. With the use of a thin film
transistor including an oxide semiconductor layer, the off
current can be reduced when two terminals of a liquid
crystal element are in a non-conduction state. The pixel
transistor 214 and the switching transistor 207 each of
which is formed using such a thin film transistor can re-
duce a current which flows through the liquid crystal el-
ement.

[0083] Next, FIGS. 5A and 5B show timing charts of
the high power supply potential Vdd, the clock signal
(here, GCK), the start pulse signal (here, GSP), and the
potential of the terminal 206A, which are signals from the
display control circuit 104, in a period during which the
period 401 is switched to the period 402 in the timing
chart of FIG. 4, namely, a period during which a moving
image is switched to a still image (a period 403 in FIG.
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4), and a period during which the period 402 is switched
to the period 401, namely, a period during which a still
image is switched to a moving image (a period 404 in
FIG. 4).

[0084] Asillustratedin FIG. 5A, the display control cir-
cuit 104 stops the supply of the start pulse GSP in a
period during which a moving image is switched to a still
image (E1in FIG. 5A, a first step). Next, supply of a plu-
rality of clock signals GCK is stopped after pulse output
reaches the last stage of the shift register (E2 in FIG. 5A,
a second step). Then, the high power supply potential
Vdd of a power supply voltage is changed to the low
power supply potential Vss (E3 in FIG. 5A, a third step).
After that, the potential of the terminal 206A is changed
to a potential at which the switching transistor 111 is
turned off (E4 in FIG. 5A, a fourth step).

[0085] Through the above steps, the supply of signals
to the driver circuit portion 105 can be stopped without
malfunction of the driver circuit portion 105. In the case
of still image display, a voltage applied to a liquid crystal
is held by holding charge in a pixel electrode; therefore,
by operating the driver circuit portion 105 without gener-
ating noise due to malfunction, a method for driving a
liquid crystal display device capable of displaying a still
image which is not deteriorated so much can be provided.
[0086] Asillustrated in FIG. 5B, with the display control
circuit 104, the potential of the terminal 206A is changed
to a potential at which the switching transistor 111 is
turned on in a period during which a stillimage is switched
to a moving image (S1 in FIG. 5B, a first step). Then, a
power supply voltage is changed from the low power sup-
ply potential Vss to the high power supply potential Vdd
(S2 in FIG. 5B, a second step). After that, a plurality of
clock signals GCK are supplied (S3 in FIG. 5B, a third
step). Next, the start pulse signal GSP is supplied (S4 in
FIG. 5B, a fourth step).

[0087] Through the above steps, the supply of the sig-
nals to the driver circuit portion 105 can be restarted with-
out malfunction of the driver circuit portion 105. Potentials
of the wirings are sequentially changed back to those at
the time of displaying a moving image, whereby the driver
circuit portion can be driven without malfunction.

[0088] FIG. 6 is a chart schematically showing, for ex-
ample, in frame periods, the frequency of writing ofimage
signals in a period 601 during which a moving image is
displayed and a period 602 during which a still image is
displayed, where the horizontal axis shows time. In FIG.
6, "W" indicates a period during which an image signal
is written, and "H" indicates a period during which the
image signalis held. In addition, aperiod 603 is one frame
period in FIG. 6; however, the period 603 may be a dif-
ferent period.

[0089] As showninFIG. 6, in the structure of the liquid
crystal display device according to this embodiment, in
the case where a difference is not detected between im-
age signals of successive frames by a comparator circuit,
that is, in the period 602 during which a still image is
displayed, an image signal to be supplied to a pixel is
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written only in a period during which switching of image
signals is performed (the period 604 in FIG. 6). The other
periods in the period 602 are periods during which the
image signal supplied in the period 604 is held.

[0090] As described above, in the structure of this em-
bodiment, in the period during which a still image is dis-
played, the frequency of operations such as writing of an
image signal can be reduced. When seeing an image
formed by writing image signals a plurality of times, the
human eyes recognize images switched a plurality of
times, which might lead to eyestrain. With a structure
where the frequency of writing of image signals is re-
duced as described in this embodiment, eyestrain can
be alleviated.

[0091] Further, thin film transistors including oxide
semiconductors are provided in pixels in this embodi-
ment, so that the off current of the thin film transistors
can be reduced. Therefore, it is possible to provide a
liquid crystal display device in which a voltage can be
held in a storage capacitor for a longer time and power
consumption at the time when a still image is displayed
can be reduced.

[0092] This embodiment can be implemented in ap-
propriate combination with any of the structures de-
scribed in the other embodiments.

(Embodiment 2)

[0093] A structure of adisplay panelin the liquid crystal
display device in Embodiment 1 will be described with
reference to a specific top view and specific cross-sec-
tional views in FIGS. 7A to 7C.

[0094] FIG. 7A is a top view of a display panel. FIG.
7Ais a top view of the display panel in which an FPC has
not been attached to a first substrate 1210. FIG. 7B is a
cross-sectional view taken along line G-H of FIG 7A,
which illustrates a connection region of a conductive par-
ticle and a connection wiring. FIG. 7C is a cross-sectional
view taken along line E-F of FIG. 7A, which illustrates a
connection region of a pixel circuit and a connection wir-
ing.

[0095] InFIGS.7Ato7C, thefirstsubstrate 1210 which
is provided with pixel electrodes and serves as an active
matrix substrate and a second substrate 1204 provided
with acommon electrode 1291 are attached to each other
with a sealing material 1205, and the interior space sur-
rounded by the sealing material 1205 is filled with liquid
crystal 1280. A signal line driver circuit 1200, a gate line
driver circuit 1201, and a pixel circuit 1202 in which the
pixel electrodes are formed in matrix are formed over the
first substrate 1210.

[0096] As the liquid crystal 1280, thermotropic liquid
crystal, low-molecular liquid crystal, high-molecular liquid
crystal, polymer-dispersed liquid crystal, ferroelectric lig-
uid crystal, anti-ferroelectric liquid crystal, or the like is
used. Such a liquid crystal material exhibits a cholesteric
phase, a smectic phase, a cubic phase, a chiral nematic
phase, an isotropic phase, or the like depending on con-
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ditions.

[0097] InFIG. 7B, the common electrode 1291 is elec-
trically connected to a terminal portion 1240 through a
connection wiring 1208 extended from the terminal por-
tion 1240, a switching transistor 1261, and a resin layer
1235 which is provided with conductive particles inter-
posed between the pair of substrates. The number of the
connections is four in FIG. 7A as an example and may
be at least one.

[0098] FIG. 7C illustrates the signal line driver circuit
1200 provided with a circuit including a driver circuit thin
film transistor 1223 over the first substrate 1210, as a
driver circuit portion. Further, the gate line driver circuit
1201 including a driver circuit thin film transistor is pro-
vided over the first substrate, as a driver circuit portion.

[0099] InFIG.7C,the pixelcircuit 1202 includes a pixel
transistor 1211. Further, a pixel electrode 1250 connect-
ed to the pixel transistor 1211 is formed over and in an
insulating layer 1214.

[0100] InFIGS. 7Ato 7C, the pixel transistor 1211, the
driver circuit thin film transistor 1223, and the switching
transistor 1261 are each formed using an oxide semicon-
ductor layer, a gate insulating layer, and a gate electrode
layer.

[0101] The above is the description of one example of
the structure of the transistor. However, the structure of
the transistor is not limited to the above structure; the
transistor can have any of various structures. For exam-
ple, the transistor may have a multi-gate structure includ-
ing two or more gate electrodes. Alternatively, the tran-
sistor can have the structure where a gate electrode is
provided above a channel region, the structure where a
gate electrodeis provided below a channelregion, a stag-
gered structure, an inverted staggered structure, or the
structure where a channelregion is divided into a plurality
ofregions. In the case of an inverted staggered structure,
a channel protective structure, a channel etched struc-
ture, or the like can be employed.

[0102] A conductive layer 1293 overlapping with the
gate electrode layer and the oxide semiconductor layer
with the insulating layer 1214 interposed therebetween
is provided over the driver circuit thin film transistor 1223
in FIG. 7C.

[0103] In the driver circuit thin film transistor 1223, the
oxide semiconductor layer is interposed between the
gate electrode layer and the conductive layer 1293. With
such a structure, variation in threshold voltage of the driv-
er circuit thin film transistor 1223 can be reduced, so that
a display panel provided with the driver circuit thin film
transistor 1223, which has stable electric characteristics,
can be provided. The conductive layer 1293 may be at
the same potential as the gate electrode layer or may be
at a floating potential or a fixed potential such as a GND
potential or 0 V. By supplying an appropriate potential to
the conductive layer 1293, the threshold voltage of the
driver circuit thin film transistor 1223 can be controlled.

[0104] The switching transistor 1261 in FIG. 7B is elec-
trically connected to the common electrode 1291 through
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a conductive particle 1270 in the resin layer 1235.
[0105] Although the switching transistor 1261 is on an
outer side than the sealing material 1205 in FIG. 7A, the
switching transistor may be on an inner side than the
sealing material 1205. For example, the switching tran-
sistor may be provided in a region where the signal line
driver circuit 1200 is formed. The switching transistor
1261 on an inner side than the sealing material 1205 can
be protected against an impact from an external source,
and the like. Thus, the lifetime of the switching transistor
1261 can be made long.

[0106] InFIGS. 7Ato 7C, as each of the first substrate
1210 and the second substrate 1204, any glass substrate
used in the electronics industry (also called a non-alkali
glass substrate) such as an aluminosilicate glass sub-
strate, an aluminoborosilicate glass substrate, or a bar-
ium borosilicate glass substrate, a quartz substrate, a
ceramic substrate, a plastic substrate, or the like can be
used as appropriate. With the use of a flexible plastic
substrate as each of the first substrate 1210 and the sec-
ond substrate 1204, aflexible display device can be man-
ufactured.

[0107] InFIGS. 7Ato 7C, the sealing material 1205 is
applied to the first substrate or the second substrate by
a screen printing method, or with an ink-jet apparatus or
a dispensing apparatus. As the sealing material 1205,
typically, a material containing a visible light curable res-
in, an ultraviolet curable resin, or a thermosetting resin
can be used. For example, an epoxy resin such as a
liquid bisphenol-A resin, a solid bisphenol-A resin, a bro-
mine-containing epoxy resin, a bisphenol-F resin, a bi-
sphenol-AD resin, a phenol resin, a cresol resin, a no-
volac resin, a cycloaliphatic epoxy resin, an Epi-Bis type
epoxy resin, a glycidyl ester resin, a glycidyl amine resin,
a heterocyclic epoxy resin, or a modified epoxy resin can
be used. As the sealing material 1205, a material having
a viscosity of 40 Pa-s to 400 Pa's is used. Further, the
sealing material 1205 may contain a filler (1 um to 24
pmin diameter). Note that it is preferable to select as the
sealing material, a sealing material which is insoluble in
liquid crystal which is in contact with the sealing material
later.

[0108] As the conductive particle 1270, a conductive
particle in which an insulating sphere is covered with a
thin metal film can be used. The insulating sphere is
formed using silica glass, a hard resin, or the like. The
thin metal film can be formed using a single layer or a
stack of any of gold, silver, palladium, nickel, ITO, and
IZO. For example, as the thin metal film, a thin gold film,
a stack of a thin nickel film and a thin gold film, or the like
can be used. With the use of the conductive particle in
which the insulating sphere is contained at the center,
elasticity can be increased so that destruction due to
pressure from an external source can be suppressed.
[0109] The kinds of the pixel electrode 1250 differ be-
tween a transmissive display panel and a reflective dis-
play panel. In the case of a transmissive display panel,
the pixel electrode 1250 is formed using a light-transmit-
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ting material. As examples of the light-transmitting ma-
terial, indium tin oxide (ITO), zinc oxide (ZnO), indium
zinc oxide (1Z0), gallium-doped zinc oxide (GZO), and
the like can be given.

[0110] Alternatively, the pixel electrode 1250 may be
formed using a conductive composition containing a con-
ductive high polymer. The pixel electrode formed using
the conductive composition preferably has a sheet re-
sistance of 10000 Q/square or less and a transmittance
of to 70 % or higher at a wavelength of 550 nm. Further,
the resistivity of the conductive high polymer contained
in the conductive composition is preferably 0.1 Q-cm or
less.

[0111] As the conductive high polymer, a so-called n-
electron conjugated conductive polymer can be used.
For example, polyaniline or a derivative thereof, polypyr-
role or a derivative thereof, polythiophene or a derivative
thereof, a copolymer of two or more kinds of them, and
the like can be given.

[0112] On the other hand, in the case of a reflective
display panel, a metal electrode having high reflectivity
is used as the pixel electrode. Specifically, aluminum,
silver, or the like is used. Further, the reflectivity is in-
creased by making the surface of the pixel electrode
rough. Therefore, a base film of the pixel electrode may
be made rough.

[0113] In the case of a transflective display panel, a
transmissive material and a reflective material are used
for the pixel electrode.

[0114] Further, a terminal portion 1240 is formed in an
end portion of the first substrate 1210. In the terminal
portion 1240, a connection terminal 1241 is formed over
the connection wiring 1208.

[0115] FIG. 7B is a cross-sectional view of a region
where the conductive particle 1270 and the connection
terminal are connected to each other. The connection
wiring 1208 and the switching transistor 1261 are formed
over the first substrate 1210. The connection terminal
1241 formed at the same time as the pixel electrode 1250
is formed over the connection wiring 1208. The connec-
tion terminal 1241 is electrically connected to the com-
mon electrode 1291 through the connection wiring 1208,
the switching transistor 1261, and the conductive particle
1270. Further, the connection terminal 1241 is connected
to an FPC (not illustrated). Note that in FIG. 7B, the con-
ductive particle 1270 is fixed by the resin layer 1235 (not
illustrated). The resin layer 1235 can be formed using an
organic resin material like that used for the sealing ma-
terial 1205.

[0116] FIG. 7C is a cross-sectional view of a region
where the pixel electrode and the connection terminal
are connected to each other. A connection wiring 1242
formed at the same time as source and drain electrode
layers of the thin film transistor is formed over the first
substrate 1210. A connection terminal 1243 formed at
the same time as the pixel electrode 1250 is formed over
the connection wiring 1242. The connection terminal
1243 is electrically connected to the pixel electrode 1250
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through the connection wiring 1242. Note that, since an
active matrix display panel is used in this embodiment,
the pixel electrode 1250 and the connection wiring 1242
are not directly connected but are connected through the
pixel transistor 1211 or the signal line driver circuit 1200.
[0117] Analignmentfilm 1206 is provided over the pixel
electrode 1250, and rubbing treatment is performed ther-
eon. The alignment film 1206 and rubbing treatment are
not necessarily required, which depends on the mode of
liquid crystal.

[0118] Forthe second substrate 1204 which serves as
a counter substrate, a black matrix may be provided at
a position overlapping with the signal line driver circuit
1200, and a color filter, a protective layer, and the like
may be provided at a position overlapping with the pixel
circuit 1202. The common electrode 1291 is formed, and
an alignment film 1207 is provided on the common elec-
trode 1291, and rubbing is performed thereon. Similarly
to the case of the first substrate 1210, as for the second
substrate 1204, an alignment film and rubbing treatment
are not necessarily required, which depends onthe mode
of liquid crystal.

[0119] The second substrate 1204 provided with the
common electrode 1291 or the first substrate 1210 pro-
vided with the pixel electrode 1250 is provided with a
pillar spacer 1255. The pillar spacer 1255 is provided to
keep a distance between the first substrate 1210 and the
second substrate 1204. In this embodiment, an example
is described in which the pillar spacer 1255 is provided
on the second substrate 1204 side. The pillar spacer is
also called a photolitho spacer, a post spacer, a scallop
spacer, or a column spacer. Alternatively, a spherical
spacer may be used. In this embodiment, a pillar spacer
is used. As for a method for forming the pillar spacer
1255, an organic insulating material such as photosen-
sitive acrylic is applied to an entire surface of the sub-
strate by a spin coating method, and a photolithography
process is performed, so that photosensitive acrylic
which remains over the substrate serves as the spacer.
With this method, a place where a spacer is desired to
be disposed can be exposed in accordance with a mask
pattern at the time of exposure; therefore, by disposing
the pillar spacer at a portion where the liquid crystal does
not drive, the distance between the upper and lower sub-
strates is maintained and in addition, light of the liquid
crystal can be prevented from leaking. Further, the pillar
spacer 1255 can be formed by discharging a composition
containing an organic insulating material by an ink-jet
method and baking it.

[0120] The space around the conductive particle 1270
may be filled with a conductive polymer. As typical ex-
amples of the conductive polymer, conductive poly-
aniline, conductive polypyrrole, conductive polythi-
ophene, a complex of polyethylenedioxythiophene (PE-
DOT) and poly(styrenesulfonic acid) (PSS), and the like
can be given. Further, any of the afore-mentioned exam-
ples of the conductive polymer which can be used for the
pixel electrode 1250 can be used as appropriate. The
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conductive polymer is formed by applying the conductive
polymer with an ink-jet apparatus, a dispensing appara-
tus, or the like. When the conductive polymer is in contact
with the common electrode or the connection wiring, the
conductive particle 1270 and the conductive polymer are
in contact with the common electrode and the connection
wiring, so that connection resistance between the com-
mon electrode and the connection wiring can be reduced.
[0121] Note that the connection wiring 1208 and the
common electrode 1291 formed on the second substrate
1204 are electrically connected to each other through the
conductive particle 1270.

[0122] The sealing material 1205 and the conductive
particle 1270 are discharged over the first substrate 1210
or the second substrate 1204, and then liquid crystal is
discharged in a space surrounded by the sealing material
1205. After that, the first substrate 1210 and the second
substrate 1204 are attached to each other in reduced
pressure, UV light irradiation is performed to cure the
sealing material 1205, and then heating is performed to
further harden the sealing material 1205, so that the first
substrate 1210 and the second substrate 1204 are firmly
attached to each other. In addition, the orientation of the
liquid crystal is made uniform by the heating.

[0123] Consequently, the first substrate 1210 and the
second substrate 1204 can be attached to each other.
[0124] Then, the first substrate 1210 and the second
substrate 1204 are cut to have a panel shape. Further-
more, in order to improve the contrast, a first polarizing
plate 1290 and a second polarizing plate 1295 are pro-
vided outside the first substrate 1210 and the second
substrate 1204, respectively. Note that the first polarizing
plate 1290 is not necessarily provided in the case of a
reflective display device.

[0125] Although not illustrated in this embodiment, a
black matrix (a light-blocking layer), an optical member
(an optical substrate) such as a polarizing member, a
retardation member, or an anti-reflection member, and
the like are provided as appropriate. For example, circu-
lar polarization may be obtained using a polarizing sub-
strate and aretardation substrate. In addition, a backlight,
a side light, or the like may be used as a light source.
[0126] In an active matrix display panel, display pat-
terns are formed on a screen by driving pixel electrodes
that are arranged in matrix. Specifically, when a voltage
is applied between a selected pixel electrode and a com-
mon electrode that corresponds to the selected pixel
electrode, optical modulation of a liquid crystal layer dis-
posed between the pixel electrode and the common elec-
trode is performed, and this optical modulation is recog-
nized as a display pattern by observers.

[0127] In the structure of a display panel including a
thin film transistor including an oxide semiconductor lay-
er, which is described above, low power consumption
can be achieved in displaying a still image as in Embod-
iment 1.

[0128] This embodiment can be implemented in ap-
propriate combination with any of the structures de-
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scribed in the other embodiments.
(Embodiment 3)

[0129] Inthis embodiment, the liquid crystal display de-
vice described in the above embodiment, which addition-
ally has a touch panel function, will be described with
reference to FIGS. 8A and 8B.

[0130] FIG. 8Ais a schematic view of the liquid crystal
display device according to this embodiment. FIG. 8A
illustrates a structure where a liquid crystal display panel
801 which is the liquid crystal display device according
to the above embodiment and a touch panel unit 802 are
provided so as to overlap with each other and attached
to each other in a housing (case) 803. For the touch panel
unit 802, a resistive type, a surface capacitive type, a
projected capacitive type, or the like can be used as ap-
propriate.

[0131] As illustrated in FIG. 8A, the liquid crystal dis-
play panel 801 and the touch panel unit 802 are sepa-
rately fabricated and overlapped with each other, where-
by the cost for manufacture of the liquid crystal display
device additionally having a touch panel function can be
reduced.

[0132] FIG. 8B illustrates a structure of a liquid crystal
display device additionally having a touch panel function
which is different from that of the liquid crystal display
device in FIG. 8A. A liquid crystal display device 804 il-
lustrated in FIG. 8B includes a plurality of pixels 805 each
provided with an optical sensor 806 and a liquid crystal
element 807. Thus, it is not necessary to form the touch
panel unit 802 so as to overlap with the liquid crystal
display device 804 unlike in the structure of FIG. 8A,
which leads to reduction in thickness of the liquid crystal
display device. A gate line driver circuit 808, a signal line
driver circuit 809, and an optical sensor driver circuit 810
are formed over a substrate over which the pixels 805
are provided, whereby the liquid crystal display device
can be reduced in size. Note that the optical sensor 806
may be formed using amorphous silicon or the like so as
to overlap with a thin film transistor including an oxide
semiconductor.

[0133] According to this embodiment, a thin film tran-
sistor including an oxide semiconductor is used for a lig-
uid crystal display device having a touch panel function,
whereby an image holding property at the time of dis-
playing a still image can be improved. Further, operation
of a driver circuit portion during a still image is displayed
is stopped, whereby low power consumption can be
achieved.

[0134] Alternatively, a memory element provided with
a thin film transistor formed using an oxide semiconduc-
tor which is the same as that used for a pixel circuit may
be provided over each of the display panels in FIGS. 8A
and 8B. The memory element provided over the display
panel, for example, a touch panel may store data such
as a threshold value of an electric signal of a touch por-
tion. As an example, FIG. 13 illustrates a structure where
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the display panel in FIG. 8B is additionally provided with
a memory element 811. FIG. 13 illustrates a structure of
a basic memory element. Note that a transistor including
an oxide semiconductor is denoted by a symbol "OS" in
a circuit diagram of FIG. 13.

[0135] In the memory element illustrated in FIG. 13, a
gate electrode of a transistor 160 and one of a source
electrode and a drain electrode of the transistor 162 are
electrically connected to each other. A first wiring (a 1st
line, also referred to as a source line) is electrically con-
nected to a source electrode of the transistor 160. A sec-
ond wiring (a 2nd line, also referred to as a bit line) is
electrically connected to a drain electrode of the transis-
tor 160. A third wiring (a 3rd line, also referred to as a
first signal line) is electrically connected to the other of
the source electrode and the drain electrode of the tran-
sistor 162. A fourth wiring (a 4th line, also referred to as
a second signal line) is electrically connected to a gate
electrode of the transistor 162. The gate electrode of the
transistor 160 and one of the source electrode and the
drain electrode of the transistor 162 are electrically con-
nected to one of electrodes of a capacitor 164. A fifth
wiring (a 5th line, also referred to as a word line) is elec-
trically connected to the other of the electrodes of the
capacitor 164.

[0136] An off current is extremely low in the transistor
160 and the transistor 162 each including an oxide sem-
iconductor. For that reason, a potential of the gate elec-
trode of the transistor 160 can be held for an extremely
long time by turning off the transistor 162. Provision of
the capacitor 164 facilitates holding of charge given to
the gate electrode of the transistor 160 and reading of
stored data.

[0137] The memory element described in this embod-
iment makes use of a characteristic in which the potential
of the gate electrode of the transistor 160 can be held,
thereby writing, storing, and reading data as follows.
[0138] Firstly, writing and holding of data will be de-
scribed. First, a potential of the fourth wiring is set to a
potential at which the transistor 162 is turned on, so that
the transistor 162 is turned on. Thus, a potential of the
third wiring is supplied to the gate electrode of the tran-
sistor 160. That is, predetermined charge is given to the
gate electrode of the transistor 160 (writing). After that,
the potential of the fourth wiring is set to a potential at
which the transistor 162 is turned off, so that the transistor
162 is turned off. Thus, the charge given to the gate elec-
trode of the transistor 160 is held (storing).

[0139] Since the off current of the transistor 162 is sig-
nificantly low, the charge of the gate electrode of the tran-
sistor 160 is held for a long time. For example, a potential
at which the transistor 160 is turned on is supplied to the
gate electrode of the transistor 160 while a reading po-
tential is supplied to the fifth wiring, whereby an on state
of the transistor 160 is kept for a long time. In a similar
manner, a potential at which the transistor 160 is turned
off is supplied to the gate electrode of the transistor 160,
whereby an off state of the transistor 160 is kept for a
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long time. Here, a reading potential refers to a potential
of the fifth wiring, at which the transistor 160 is turned on
or off depending on charges held in the gate electrode.
[0140] Secondly, reading of data will be described.
When an on state or an off state of the transistor 160 is
kept as described above, a reading potential is supplied
to the fifth wiring, and a given potential (a low potential)
is applied to the first wiring, a value of a potential of the
second wiring varies depending on whether the transistor
160 is on or off. For example, when the transistor 160 is
on, the potential of the second wiring is lower than the
potential of the first wiring. In contrast, when the transistor
160 is off, the potential of the second wiring is not
changed.

[0141] In this manner, by comparing the potential of
the first wiring with the potential of the second wiring in
a state where data is stored, the data can be read out.
[0142] Inthe case where data is not read out, a poten-
tial at which the transistor 160 is turned off (or on) re-
gardless of charge held in the gate electrode may be
supplied to the fifth wiring.

[0143] Next, rewriting of data will be described. Data
rewriting is performed similarly to the writing or storing
of data. That is, the potential of the fourth line is setto a
potential at which the transistor 162 is turned on, whereby
the transistor 162 is turned on. Accordingly, the potential
of the third line (potential related to new data) is supplied
to the gate electrode of the transistor 160. After that, the
potential of the fourth line is set to a potential at which
the transistor 162 is turned off, whereby the transistor
162 is turned off. Consequently, new data is stored.
[0144] In the memory element illustrated in FIG. 13,
data can be directly rewritten by another writing of data
as described above. For that reason, erasing operation
which is necessary for a flash memory or the like is not
needed, so that a reduction in operation speed because
of erasing operation can be prevented. That is, high-
speed operation of the memory element can be achieved.
[0145] Notethatthe source electrode or the drain elec-
trode of the transistor 162 is electrically connected to the
gate electrode of the transistor 160, thereby having an
effect similar to that of a floating gate of a floating gate
transistor used for a nonvolatile memory element. There-
fore, a portion in the drawing where the source electrode
or the drain electrode of the transistor 162 is electrically
connected to the gate electrode of the transistor 160 is
called a floating gate portion FG in some cases. When
the transistor 162 is off, the floating gate portion FG can
be regarded as being embedded in an insulator and thus
charge is held in the floating gate portion FG. The amount
of off current of the transistor 162 including an oxide sem-
iconductor is lower than or equal to one hundred thou-
sandth of the amount of off current of a transistor includ-
ing a silicon semiconductor; thus, lost of the charge ac-
cumulated in the floating gate portion FG due to a leakage
current of the transistor 162 is negligible.

[0146] With such a structure, the problem of deterio-
ration of a gate insulating film (tunnel insulating film),
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which is pointed out in a conventional floating gate tran-
sistor, can be avoided. That is to say, the problem of
deterioration of a gate insulating film due to injection of
an electron into a floating gate, which has been a con-
cern, can be solved. Thus, in the memory element illus-
trated in FIG. 13, there is no limit on the number of times
of writing in principle.

[0147] This embodiment can be combined with any of
the other embodiments as appropriate.

(Embodiment 4)

[0148] In this embodiment, examples of electronic
equipment including the liquid crystal display device de-
scribed in any of the embodiments will be described.
[0149] FIG. 9A illustrates a portable game machine
which caninclude a housing 9630, a display portion 9631,
speakers 9633, operation keys 9635, a connection ter-
minal 9636, a recording medium reading portion 9672,
and the like. The portable game machine illustrated in
FIG. 9A can have a function of reading a program or data
stored in a recording medium to display it on the display
portion; a function of sharing data by wireless communi-
cation with another portable game machine; and the like.
The portable game machine in FIG. 9A can have various
functions without limitation to the above.

[0150] FIG. 9B illustrates a digital camera which can
include a housing 9630, a display portion 9631, speakers
9633, operation keys 9635, a connection terminal 9636,
a shutter button 9676, an image receiving portion 9677,
and the like. The digital camera illustrated in FIG. 9B can
have various functions such as a function of shooting a
stillimage; a function of shooting a moving image; a func-
tion of automatically or manually adjusting the shot im-
age; a function of obtaining various kinds of data from an
antenna; a function of storing the shot image or the data
obtained from the antenna; and a function of displaying
the shot image or the data obtained from the antenna on
the display portion. Note that the functions of the digital
camera illustrated in FIG. 9B are not limited to those, and
the digital camera can have other various functions.
[0151] FIG. 9C illustrates a television set which can
include a housing 9630, a display portion 9631, speakers
9633, operation keys 9635, a connection terminal 9636,
and the like. The television set shown in FIG. 9C has a
function of processing electric waves for television and
converting the electric waves into an image signal, afunc-
tion of processing the image signal and converting the
image signal into a signal suitable for display, a function
of converting a frame frequency of the image signal, and
the like. Note that the television set illustrated in FIG. 9C
can have a variety of functions without limitation to the
above.

[0152] FIG. 9D illustrates a monitor for an electronic
computer (personal computer), which can include a
housing 9630, a display portion 9631, and the like. As
for the monitor illustrated in FIG. 9D, a window-type dis-
play portion 9653 is in the display portion 9631. Note that
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although the window-type display portion 9653 is provid-
ed in the display portion 9631 for illustration, a different
symbol such as an icon or an image may be employed.
Inthe case of amonitorforapersonal computer, animage
signal is rewritten only at the time of inputting in many
cases, which is favorable when the method for driving a
liquid crystal display device, according to any of the
above embodiments, is applied. Note that the monitor
illustrated in FIG. 9D can have various functions without
limitation to the above.

[0153] FIG. 10A illustrates a computer which can in-
clude a housing 9630, a display portion 9631, a speaker
9633, operation keys 9635, a connection terminal 9636,
apointing device 9681, an external connecting port 9680,
and the like. The computer illustrated in FIG. 10A can
have a function of displaying a variety of kinds of data
(e.g., a stillimage, a moving image, and a textimage) on
the display portion; a function of controlling processing
by a variety of kinds of software (programs); a commu-
nication function such as wireless communication or wire
communication; a function of connecting to various com-
puter networks with the use of the communication func-
tion; a function of transmitting or receiving a variety of
kinds of data with the use of the communication function;
and the like. Note that the functions of the computer il-
lustrated in FIG. 10A are not limited to those, and the
computer can have other various functions.

[0154] FIG. 10B illustrates a mobile phone which can
include ahousing 9630, adisplay portion 9631, a speaker
9633, operation keys 9635, a microphone 9638, and the
like. The mobile phone illustrated in FIG 10B can have a
function of displaying a variety of 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 func-
tion of operating or editing the data displayed on the dis-
play portion; a function of controlling processing by var-
ious kinds of software (programs); and the like. Note that
the mobile phone illustrated in FIG. 10B can have other
various functions without limitation to the above.

[0155] FIG. 10C illustrates electronic paper (also re-
ferred to as an eBook or an e-book reader) that can in-
clude a housing 9630, a display portion 9631, operation
keys 9632, and the like. The electronic paperin FIG. 10C
can have a function of displaying a variety of kinds of
data (e.g.,astillimage,amoving image, and atextimage)
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 with
the use of various kinds of software (programs); and the
like. Note that the electronic paperin FIG. 10C can have
other various functions without limitation to the above.
FIG. 10D illustrates another electronic paper. The elec-
tronic paper in FIG. 10D includes a solar cell 9651 and
a battery 9652 in addition to components of the electronic
paper in FIG. 10C. In the case of using a reflective liquid
crystal display device as the display portion 9631, the
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reflective liquid crystal display device is expected to be
used when ambient light is relatively bright, and power
generation by the solar cell 9651 and charge of the bat-
tery 9652 are efficiently performed, which is favorable.
Note that it is advantageous to use a lithium ion battery
as the battery 9652 because reduction in size can be
achieved, for example.

[0156] In the electronic equipment described in this
embodiment, low power consumption can be achieved
in displaying a still image.

[0157] This embodiment can be implemented in ap-
propriate combination with any of the structures de-
scribed in the other embodiments.

Claims

1. A method for driving a liquid crystal display device
including a plurality of pixel transistors and a plurality
of pixel electrodes, the method comprising:

comparing image signals in successive frame
periods to determine whether a moving image
or a still image is displayed and performing one
of the following steps in accordance with the re-
sult of the determination:

- switch from a moving image display period
to a still image display period;

- switch from a still image display period to
a moving image display period;

- continue a moving image display period;
and

- continue a still image display period,

wherein, in a moving image display period, the
following steps are performed:

for each frame, the pixel transistors includ-
ing an oxide semiconductor layer which is
electrically connected to a driver circuit por-
tion formed over a first substrate are turned
on, so that an image signal is supplied to
the pixel electrodes; and

a switching transistor including an oxide
semiconductor layer which is electrically
connected to a terminal portion formed over
the first substrate is turned on, so that a
common potential is supplied to a common
electrode which is electrically connected to
the terminal portion through the switching
transistor and which is formed over a sec-
ond substrate,

wherein, in a still image display period, the fol-
lowing steps are performed:

the pixel transistors are turned off so that
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the pixel electrodes are in an electrically
floating state; and

the switching transistor is turned off so that
the common electrode is in an electrically
floating state,

wherein, in a period during which a still image
display period is switched to a moving image
display period, the following steps are per-
formed:

a first step of supplying the common poten-
tial to the common electrode;

a second step of supplying a power supply
voltage to the driver circuit portion;

a third step of supplying a clock signal to
the driver circuit portion; and

afourth step of supplying a start pulse signal
to the driver circuit portion, and

wherein, in a period during which a moving im-
age display period is switched to a still image
display period, the following steps are per-
formed:

afirst step of stopping supply of a start pulse
signal to the driver circuit portion;

a second step of stopping supply of a clock
signal to the driver circuit portion;

a third step of stopping supply of a power
supply voltage to the driver circuit portion;
and

a fourth step of stopping supply of the com-
mon potential to the common electrode.

2. Themethod fordriving aliquid crystal display device,
according to claim 1,
wherein the liquid crystal display device comprises:

amemory circuit which stores the image signals;
a comparator circuit which compares the image
signals in each of pixels and calculates a differ-
ence; and

a display control circuit which controls the driver
circuit and reads out the image signals, and
wherein in the comparator circuit, the image sig-
nals stored in the memory circuit in successive
frame periods are read out and compared in
each of the pixels to compare a difference, so
that whether a moving image or a still image is
displayed is determined.

3. Themethod fordriving aliquid crystal display device,
according to claim 2,
wherein a conduction state or a non-conduction state
between the common electrode and the terminal por-
tion to which the common potential is supplied is con-
trolled by the switching transistor in accordance with
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a signal supplied from the display control circuit to a
gate terminal of the switching transistor.

The method for driving a liquid crystal display device,
according to claim 2,

wherein the switching transistor has an off current
per micrometer in channel width of 10 zA/pum or less
at room temperature, and

wherein a conduction state or a non-conduction state
between the common electrode and the terminal por-
tion to which the common potential is supplied is con-
trolled by the switching transistor.

Patentanspriiche

1.

Verfahren zum Ansteuern einer Flissigkristallanzei-
gevorrichtung, die eine Vielzahl von Pixeltransisto-
ren und eine Vielzahl von Pixelelektroden umfasst,
wobei das Verfahren umfasst:

Vergleichen von Bildsignalen in aufeinanderfol-
genden Bildperioden, um zu bestimmen, ob ein
bewegtes Bild oder ein Standbild angezeigt
wird, und Durchfiihren eines der folgenden
Schritte entsprechend dem Ergebnis der Be-
stimmung:

Umschalten von einer Anzeigeperiode fiir
ein bewegtes Bild auf eine Anzeigeperiode
fir ein Standbild;

Umschalten von einer Anzeigeperiode fiir
ein Standbild auf eine Anzeigeperiode flr
ein bewegtes Bild;

Fortfihren einer Anzeigeperiode fiir ein be-
wegtes Bild; und

Fortfihren einer Anzeigeperiode flr ein
Standbild,

wobei in einer Anzeigeperiode fiir ein bewegtes
Bild die folgenden Schritte durchgefiihrtwerden:

fur jedes Bild werden die Pixeltransistoren,
die eine Oxidhalbleiterschicht umfassen,
die elektrisch mit einem Treiberschaltungs-
abschnitt verbundenist, der iber einem ers-
ten Substrat ausgebildet ist, eingeschaltet,
so dass den Pixelelektroden ein Bildsignal
zugefihrt wird; und

ein Schalttransistor, der eine Oxidhalblei-
terschicht umfasst, die elektrisch mit einem
Anschlussabschnitt verbunden ist, der Gber
dem ersten Substrat ausgebildet ist, wird
eingeschaltet, so dass einer gemeinsamen
Elektrode, die Uber den Schalttransistor
elektrisch mit dem Anschlussabschnitt ver-
bundenist und iber einem zweiten Substrat
ausgebildet ist, ein gemeinsames Potential
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zugefihrt wird,

wobei in einer Anzeigeperiode fiir ein Standbild
die folgenden Schritte durchgefiihrt werden:

die Pixeltransistoren werden derart ausge-
schaltet, dass sich die Pixelelektroden in ei-
nem elektrisch potentialfreien Zustand be-
finden; und

der Schalttransistor wird derart ausgeschal-
tet, dass sich die gemeinsame Elektrode in
einem elektrisch potentialfreien Zustand
befindet,

wobei in einer Periode, in der eine Anzeigepe-
riode flr ein Standbild auf eine Anzeigeperiode
fuir ein bewegtes Bild umgeschaltet wird, die fol-
genden Schritte durchgefiihrt werden:

ein erster Schritt zum Zuflihren des gemein-
samen Potentials zu der gemeinsamen
Elektrode;

ein zweiter Schritt zum Zufilhren einer
Stromversorgungsspannung zu dem Trei-
berschaltungsabschnitt;

ein dritter Schritt zum Zufiihren eines Takt-
signals zu dem Treiberschaltungsabschnitt;
und

ein vierter Schritt zum Zufiihren eines Star-
timpulssignals zu dem Treiberschaltungs-
abschnitt, und

wobei in einer Periode, in der eine Anzeigepe-
riode fiir ein bewegtes Bild auf eine Anzeigepe-
riode fUr ein Standbild umgeschaltet wird, die
folgenden Schritte durchgefiihrt werden:

ein erster Schritt zum Stoppen des Zufiih-
rens eines Startimpulssignals zu dem Trei-
berschaltungsabschnitt;

ein zweiter Schritt zum Stoppen des Zufiih-
rens eines Taktsignals zu dem Treiber-
schaltungsabschnitt;

ein dritter Schritt zum Stoppen des Zufiih-
rens einer Stromversorgungsspannung zu
dem Treiberschaltungsabschnitt; und

ein vierter Schritt zum Stoppen des Zufiih-
rens des gemeinsamen Potentials zu der
gemeinsamen Elektrode.

Verfahren zum Ansteuern einer Flissigkristallanzei-
gevorrichtung nach Anspruch 1,

wobei die Flussigkristallanzeigevorrichtung um-
fasst:

eine Speicherschaltung, die die Bildsignale
speichert;
eine Vergleichsschaltung, die die Bildsignale in
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jedem der Pixel vergleicht und eine Differenz
berechnet; und

eine Anzeigesteuerschaltung, die die Treiber-
schaltung steuert und die Bildsignale liest, und
wobei in der Vergleichsschaltung die Bildsigna-
le, die in der Speicherschaltung in aufeinander-
folgenden Bildperioden gespeichert werden, in
jedem der Pixel gelesen und verglichen werden,
um eine Differenz zu vergleichen, um zu bestim-
men, ob ein bewegtes Bild oder ein Standbild
angezeigt wird.

Verfahren zum Ansteuern einer Flissigkristallanzei-
gevorrichtung nach Anspruch 2,

wobei ein Leitungszustand oder ein Nicht-Leitungs-
zustand zwischen der gemeinsamen Elektrode und
dem Anschlussabschnitt, dem das gemeinsame Po-
tential zugefiihrt wird, durch den Schalttransistor
entsprechend einem Signal, das einem Gate-An-
schluss des Schalttransistors von der Anzeigesteu-
erschaltung zugefiihrt wird, gesteuert wird.

Verfahren zum Ansteuern einer Flissigkristallanzei-
gevorrichtung nach Anspruch 2,

wobei der Schalttransistor einen Sperrstrom von 10
zA/pm oder weniger pro Mikrometer Kanalbreite bei
Raumtemperatur aufweist, und

wobei ein Leitungszustand oder ein Nicht-Leitungs-
zustand zwischen der gemeinsamen Elektrode und
dem Anschlussabschnitt, dem das gemeinsame Po-
tential zugefiihrt wird, durch den Schalttransistor ge-
steuert wird.

Revendications

Procédé de commande d’un dispositif d’affichage a
cristaux liquides comportant une pluralité de transis-
tors de pixel et une pluralité d’électrodes de pixel, le
procédé comprenant:

comparer des signaux d'image dans des pério-
des d’'image successives pour déterminer siune
image animée ou une image fixe est affichée et
effectuer 'une des étapes suivantes selon le ré-
sultat de la détermination:

changement d’une période d’affichage
d'image animée a une période d’affichage
d’'image fixe;

changement d’une période d’affichage
d'image fixe a une période d’affichage
d’'image animée;

continuation d’'une période d’affichage
d’'image animée; et

continuation d’'une période d’affichage
d’'image fixe,
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dans lequel, dans une période d’affichage
d'image animée, les étapes suivantes sont ef-
fectuées:

pour chaque période d'image, les transis-
tors de pixel comportant une couche d’oxy-
de semi-conducteur qui est connectée élec-
triquement a une portion de circuit de com-
mande formée au-dessus d’un premier
substrat sont passant, afin qu'un signal
d’'image soit fourni aux électrodes de pixel;
et

un transistor de commutation comportant
une couche d’oxyde semi-conducteur qui
est connectée électriquement a une portion
de borne formée au-dessus du premier
substrat est passant, afin qu’un potentiel
commun soit fourni a une électrode com-
mune qui est connectée électriquement a
la portion de borne via le transistor de com-
mutation et qui est formée au-dessus d’'un
second substrat,

dans lequel, dans une période d’affichage
d’'image fixe, les étapes suivantes sont effec-
tuées:

les transistors de pixel sont bloqués afin que
les électrodes de pixel soient dans un état
flottant électriquement; et

le transistor de commutation est bloqué afin
que I'électrode commune soit dans un état
flottant électriquement,

dans lequel, dans une période pendant laquelle
une période d’affichage d’'image fixe est chan-
gée a une période d’'affichage d'image animée,
les étapes suivantes sont effectuées:

une premiére étape de fournir le potentiel
commun a I'électrode commune;

une seconde étape de fournir une tension
d’alimentation électrique a la portion de cir-
cuit de commande;

une troisieme étape de fournir un signal
d’horloge a la portion de circuit de comman-
de; et

une quatrieme étape de fournir un signal
d’'impulsion de démarrage a la portion de
circuit de commande, et

dans lequel, dans une période pendant laquelle
une période d’affichage d’image animée est
changée a une période d’affichage d’image fixe,
les étapes suivantes sont effectuées:

une premiere étape de cesser la fourniture
d’'un signal d’'impulsion de démarrage a la
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portion de circuit de commande;

une seconde étape de cesser la fourniture
d’'un signal d’horloge a la portion de circuit
de commande;

une troisieme étape de cesser la fourniture
d’'une tension d’alimentation électrique a la
portion de circuit de commande; et

une quatriéme étape de cesser la fourniture
du potentiel commun a I'électrode commu-
ne.

Procédé de commande d’un dispositif d’affichage a
cristaux liquides, selon la revendication 1,

dans lequel le dispositif d’affichage a cristaux liqui-
des comprend:

un circuit de mémoire qui stocke les signaux
d’'image;

un circuit de comparaison qui compare les si-
gnaux d’'image dans chacun des pixels et cal-
cule une différence; et

un circuit de contréle d’affichage qui controle le
circuit de commande et lit les signaux d’image,
et

dans lequel dans le circuit de comparaison, les
signaux d’'image stockés dans le circuit de mé-
moire dans les périodes d’'image successives
sont lus et comparés dans chacun des pixels
pour comparer une différence, afin que si une
image animée ou une image fixe est affichée
soit déterminé.

Procédé de commande d’un dispositif d’affichage a
cristaux liquides, selon la revendication 2,

dans lequel un état de conduction ou un état de non
conduction entre I'électrode commune et la portion
de borne qui recgoit le potentiel commun est contrblé
par le transistor de commutation en fonction d’'un
signal fourni du circuit de contréle d’affichage a une
borne de grille du transistor de commutation.

Procédé de commande d’un dispositif d’affichage a
cristaux liquides, selon la revendication 2,

dans lequel le transistor de commutation a un cou-
rant a I'état bloqué par micromeétre de largeur de ca-
nal de 10 zA/pm ou moins a température ambiante,
et

dans lequel un état de conduction ou un état de non
conduction entre I'électrode commune et la portion
de borne qui recgoit le potentiel commun est contrblé
par le transistor de commutation.
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EXPLANATION OF REFERENCE

10: pulse output circuit, 11: first wiring, 12: second wiring, 13: third wiring, 14: fourth
wiring, 15: fifth wiring, 17: sixth wiring, 18: seventh wiring, 21>: first input terminal, 22:
second input terminal, 23: third input terminal, 24: fourth input terminal, 25: fifth input
terminal, 26: first output terminal, 27: second output terminal, 31: first transistor, 32:
second transistor, 33: third transistor, 34: fourth transistor, 35: fifth transistor, 36: sixth
transistor, 37: seventh transistor, 38: eighth transistor, 39: ninth transistor, 40: tenth
transistor, 41: eleventh transistor, 51: power supply line, 52: power supply line, 61:
period, 62: period, 100: liquid crystal display device, 101: display panel, 102: memory
circuit, 103: comparator circuit, 104: display control circuit, 105: driver circuit portion,
106: pixel circuit portion, 107A: gate line driver circuit, 107B: signal line driver circuit,
108: frame memory, 109: selection circuit, 110: common electrode portion, 111:
switching transistor, 221: pixel electrode, 222: common electrode, 223: liquid crystal,
160: transistor, 162: transistor, 164: capacitor, 201: first substrate, 202: second substrate,
203: pixel circuit portion, 204: gate line driver circuit, 205: signal line driver circuit,
206: terminal portion, 206A: terminal, 206B: terminal, 207: switching transistor, 208:
common connection portion, 209: common electrode, 210: capacitor, 211: gate line,
212: signal line, 213: pixel, 214: pixel transistor, 215: liquid crystal element, 221: pixel
electrode, 222: common electrode, 223: liquid crystal, 401: period, 402: period, 403:
period, 404: period, 601: period, 602: period, 603: period, 604: period, 801: liquid
crystal display panel, 802: touch panel unit, 803: housing, 804: liquid crystal display
device, 805: pixel, 806: optical sensor, 807: liquid crystal element, 808: gate line driver

circuit, 809: signal line driver circuit, 810: optical sensor driver circuit, 811: memory
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element, 1200: signal line driver circuit, 1201: gate line dﬁver circuit, 1202: pixel
circuit, 1204: second substrate, 1205: sealing material, 1206: alignment film, 1207:
alignment film, 1208: connection wiring, 1210:‘ﬁrst substrate, 1211: pixel transistor,
1214: insulating layer, 1223: driver circuit thin film transistor, 1235: resin layer, 1240:
terminal portion, 1241: connection terminal, 1242: connection wiring, 1243: connection
. terminal, 1250: pixel electrode, 1255: pillar spacer, 1261: switching transistor, 1270:
conductive particle, 1280: liquid crystal, 1290: first polarizing plate, 1291: common
electrode, 1293: conductive layer, 1295: second polarizing plate, 9630: housing, 9631:
display portion, 9632: operation key, 9633: speaker, 9635: operation key, 9636:
connection terminal, 9638: microphone, 9651: -solar cell, 9652: battery, 9653:
window-type display portion, 9672: recording medium reading portion, 9676: shutter
button, 9677: image receiving portion, 9680: external connecting port, and 9681:

pointing device.
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