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CONTROL CIRCUIT OF LIQUID CRYSTAL
DISPLAY DEVICE, LIQUID CRYSTAL
DISPLAY DEVICE, AND ELECTRONIC
DEVICE INCLUDING LIQUID CRYSTAL
DISPLAY DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to control circuits of liquid
crystal display devices, liquid crystal display devices, and
electronic devices provided with liquid crystal display
devices.

2. Description of the Related Art

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 values will be needed and are
being developed. In addition, there has been a growing inter-
est in global environment, and the development of liquid
crystal display devices consuming less power has thus
attracted attention.

Non-Patent Document 1 discloses a structure of a liquid
crystal display device where refresh rates differ between the
case of moving image display and the case of still image
display in order to achieve low power consumption of the
liquid crystal display device.

In addition, in the liquid crystal display device, liquid
crystal molecules are sandwiched between a pixel electrode
and a counter electrode, and the alignment of the liquid crys-
tal molecules is controlled by a voltage which is applied
between the pixel electrode and the counter electrode. The
voltage of the pixel electrode is set to a desired level by
controlling switching of a thin film transistor provided in each
pixel. The counter electrode is provided on a counter substrate
provided with liquid crystal molecules which are sandwiched
between the counter substrate and a substrate provided with
the pixel electrode. The counter electrode is not provided for
each pixel but provided over the entire surface; therefore, the
voltage of the counter electrode is controlled to have a pre-
determined level by an operational amplifier in a power sup-
ply circuit.

A circuit configuration of the operational amplifier used in
the liquid crystal display device is disclosed in Patent Docu-
ment 1 (e.g., see FIG. 6).

REFERENCE

[Patent Document 1] Japanese Published Patent Application
No. 11-160673

Non-Patent Document

[Non-Patent Document 1] Kazuhiko Tsuda et al., IDW’02,
pp295-298

SUMMARY OF THE INVENTION

The structure of a liquid crystal display device where
refresh rates differ between the case of moving image display
and the case of still image display in order to achieve low
power consumption of the liquid crystal display device will
be described.

In the case where a moving image is displayed in a liquid
crystal display device, the voltage of a pixel electrode is
updated as needed. Therefore, it is necessary to keep the
voltage of a counter electrode constant so that the voltage of
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the counter electrode does not change due to a leakage current
from the pixel electrode through liquid crystal molecules. The
current supply capability of an operational amplifier in a
power supply circuit needs to be set high so that the voltage of
the counter electrode is kept constant.

On the other hand, in the case where a still image is dis-
played in the liquid crystal display device by reducing a
refresh rate, the voltage of the pixel electrode is kept constant.
Therefore, in a manner similar to that of displaying a moving
image, the voltage of the counter electrode changes due to a
leakage current from the pixel electrode through liquid crys-
tal molecules. However, since the voltage of the pixel elec-
trode is held, the current supply capability of the operational
amplifier for holding the voltage of the counter electrode
constant, which is provided in the power supply circuit, does
not need to be set as high as the case where a moving image
is displayed.

Here, the circuit configuration of the operational amplifier
will be described with reference to FIGS. 15A and 15B. FIG.
15A illustrates a circuit symbol of an operational amplifier,
and each terminal is denoted by a reference numeral. In FIG.
15A, the operational amplifier includes a non-inverting input
terminal 991, an inverting input terminal 992, an output ter-
minal 993, and a bias voltage input terminal 994.

FIG. 15B is an equivalent circuit diagram of the operational
amplifier. The operational amplifier includes a differential
circuit including a transistor 901 and a transistor 902; a cur-
rent mirror circuit including a transistor 903 and a transistor
904; a current source circuit including a transistor 905; a
current source circuit including a transistor 909; a common
source amplifier circuit including a transistor 906; an idling
circuitincluding a transistor 907 and a transistor 908; a source
follower circuit including a transistor 910 and a transistor
911; and a phase compensation capacitor 912. The transistors
903, 904, 906, and 910 are connected to a high power supply
voltage side terminal 995; and the transistors 905, 909, and
911 are connected to a low power supply voltage side terminal
996. Note that each terminal of the non-inverting input ter-
minal 991, the inverting input terminal 992, the output termi-
nal 993, and the bias voltage input terminal 994 which are
illustrated in FIG. 15A are also illustrated in FIG. 15B.

Note that in FIG. 15B, the differential circuit, the current
mirror circuit, and the current source circuit including the
transistor 905 are collectively referred to as a differential
amplifier circuit 921. In addition, the common source ampli-
fier circuit, the idling circuit, and the current source circuit
including the transistor 909 are collectively referred to as a
current amplifier circuit 922. Further, the transistors 910 and
911 are collectively referred to as a source follower circuit
923.

An operation of the circuit in FIG. 15B will be briefly
described. When an H-level signal is input into the non-
inverting input terminal 991, the drain current ofthe transistor
901 becomes larger than the drain current of the transistor
902. This is because the current source circuit including the
transistor 905 is connected to sources of the transistors
included in the differential circuit. Since the transistor 904
and the transistor 903 are included in the current mirror cir-
cuit, the drain current of the transistor 903 comes to be equal
to the drain current of the transistor 902. Thus, a difference
(different current) between the drain current of the transistor
903 and the drain current of the transistor 901 is generated.
The gate potential of the transistor 906 is lowered by a dif-
ferent current between the drain current of the transistor 903
and the drain current of the transistor 901. The transistor 906
is a p-type transistor; therefore, the drain current is raised
when the gate potential of the transistor 906 is lowered. Thus,
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the gate potential of the transistor 910 is raised and therefore
the source potential of the transistor 910, that is, the output
voltage of the output terminal 993 is also raised. Note that the
same operation is performed even when an L-level signal is
input into the inverting input terminal 992.

When an [-level signal is input into the non-inverting input
terminal 991, the drain current of the transistor 901 becomes
smaller than the drain current of the transistor 902. The drain
current of the transistor 903 is the same as the drain current of
the transistor 902. The gate potential of the transistor 906 is
raised by a different current between the drain current of the
transistor 903 and the drain current of the transistor 901. The
transistor 906 is a p-type transistor; therefore, the drain cur-
rent is lowered when the gate potential of the transistor 906 is
raised. Thus, the gate potential of the transistor 910 is lowered
and therefore the source potential of the transistor 910, that is,
the output voltage of the output terminal 993 is also lowered.
A signal whose phase is the same as that of the signal of the
non-inverting input terminal 991 is output from the output
terminal 993. Note that the same operation is performed even
when an H-level signal is input into the inverting input termi-
nal 992.

In the circuit configuration illustrated in FIG. 15B, an
n-type transistor is included in the differential circuit and a
p-type transistor is included in the current mirror circuit. This
is also the same in the structure where a polarity of each
transistor and a polarity of a signal input into each terminal
are reversed.

In the circuit configuration of the operational amplifier
described in FIGS. 15A and 15B, in the case where a moving
image is displayed in a liquid crystal display panel, the cur-
rent supply capability of the operational amplifier in the
power supply circuit needs to be set high so that the voltage of
the counter electrode is kept constant. In other words, in the
case of FIG. 15B, a current that flows through the current
source circuit including the transistor 909, which is included
in the current amplifier circuit 922, needs to be set large.

However, in the circuit configuration of the operational
amplifier described in FIGS. 15A and 15B, the current supply
capability of the operational amplifier in the power supply
circuit remain high even in the case where a still image is
displayed by reducing the refresh rate in the liquid crystal
display panel. This is because, in the case where a still image
is displayed, the current supply capability of the operational
amplifier does not need to be so high because fluctuation of
the voltage of the counter electrode in the liquid crystal dis-
play panel is smaller than that of the case where a moving
image is displayed. As a result, when the voltage of the
counter electrode in the liquid crystal display panel is kept
constant, there is a surplus in the current supply capability of
the operational amplifier in the power supply circuit; thus, the
power consumption of the current amplifier circuit including
the transistor 909 is increased.

In a control circuit of the liquid crystal display device,
where a moving image and a still image are displayed by
switching a refresh rate, low power consumption is achieved
by reducing the frequency of rewriting in a driver circuit such
as a gate driver and a source driver in a display control circuit.
On the other hand, in the power supply circuit of the liquid
crystal display device, where a moving image and a still
image are displayed by switching a refresh rate, a problem
arises in that low power consumption in the operational
amplifier is not sufficient.

In view of the above problems, an object of one embodi-
ment of the present invention is to achieve low power con-
sumption in a power supply circuit of a liquid crystal display
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device when a moving image and a still image are displayed
by switching a refresh rate in a control circuit of the liquid
crystal display device.

Inorderto solve the above problems, in one embodiment of
the present invention, a current that flows through a common
source amplifier circuit provided in a current amplifier circuit
of an operational amplifier in displaying a moving image is
made to be different from that in displaying a still image.
Specifically, in one embodiment of the present invention,
current source circuits which are provided in the current
amplifier circuit in the operational amplifier operate by
switching the current source circuit used for displaying a
moving image and the current source circuit used for display-
ing a still image. The current amplitude in the common source
amplifier circuit is controlled by switching the current source
circuits, whereby low power consumption in the power sup-
ply circuit is achieved. The switching of the current source
circuits in the operational amplifier is performed by a display
control circuit for controlling a liquid crystal display panel in
order to switch moving image display and still image display.

One embodiment of the present invention is a control cir-
cuit of a liquid crystal display device including a display
control circuit for controlling a liquid crystal display panel in
which a moving image is displayed in an image control signal
output period or a still image is displayed in an image control
signal stop period; and a power supply circuit including a
differential amplifier circuit, a source follower circuit, and a
current amplifier circuit having a common source amplifier
circuit. In the control circuit, the common source amplifier
circuit is a circuit for amplifying a current depending on the
amount of current flowing in the image control signal output
period and the amount of current flowing in the image control
signal stop period.

Another embodiment of the present invention is a control
circuit of a liquid crystal display device including a display
control circuit for controlling a liquid crystal display panel in
which a moving image is displayed in an image control signal
output period or a still image is displayed in an image control
signal stop period; and a power supply circuit including a
differential amplifier circuit, a source follower circuit, and a
current amplifier circuit having a common source amplifier
circuit, a first current source circuit, and a second current
source circuit. In the control circuit, the common source
amplifier circuit is a circuit for amplifying a current depend-
ing on the amount of current flowing through the first current
source circuit in the image control signal output period, and
amplifying a current depending on the amount of current
flowing through the second current source circuit in the image
control signal stop period.

Another embodiment of the present invention is a liquid
crystal display device including a liquid crystal display panel
for controlling alignment of liquid crystal by a pixel electrode
and a counter electrode; a display control circuit for control-
ling the liquid crystal display panel in which a moving image
is displayed in an image control signal output period or a still
image is displayed in an image control signal stop period; and
a power supply circuit including a differential amplifier cir-
cuit, a source follower circuit, and a current amplifier circuit
having a common source amplifier circuit. In the liquid crys-
tal display device, the power supply circuit is a circuit for
controlling a potential of the counter electrode, and the com-
mon source amplifier circuit is a circuit for amplifying a
current depending on the amount of current flowing in the
image control signal output period and the amount of current
flowing in the image control signal stop period.

In the control circuit of the liquid crystal display device
according to the embodiment, the first current source circuit



US 9,135,880 B2

5

and the second current source circuit are connected to a con-
trol circuit for a current source circuit for making the amount
of current flowing through the first current source circuit
different from the amount of current flowing through the
second current source circuit and operating the first current
source circuit or the second current source circuit.

Another embodiment of the present invention is a liquid
crystal display device including a liquid crystal display panel
for controlling alignment of liquid crystal by a pixel electrode
and a counter electrode; a display control circuit for control-
ling the liquid crystal display panel in which a moving image
is displayed in an image control signal output period or a still
image is displayed in an image control signal stop period; and
a power supply circuit including a differential amplifier cir-
cuit, a source follower circuit, and a current amplifier circuit
including a common source amplifier circuit, a first current
source circuit, and a second current source circuit. In the
liquid crystal display device, the power supply circuit is a
circuit for controlling a potential of the counter electrode, and
the common source amplifier circuit is a circuit for amplify-
ing a current depending on the amount of current flowing
through the first current source circuit in the image control
signal output period, and amplifying a current depending on
the amount of current flowing through the second current
source circuit in the image control signal stop period.

Another embodiment of the present invention is a liquid
crystal display device including a liquid crystal display panel
for controlling alignment of liquid crystal by a pixel electrode
and a counter electrode; a gate driver and a source driver for
controlling a potential of the pixel electrode; a display control
circuit for controlling the liquid crystal display panel in which
amoving imageis displayed in an image control signal output
period or a still image is displayed in an image control signal
stop period by outputting a control signal for driving the gate
driver and the source driver; and a power supply circuit
including a differential amplifier circuit, a source follower
circuit, and a current amplifier circuit including a common
source amplifier circuit, a first current source circuit, and a
second current source circuit. In the liquid crystal display
device, the power supply circuit is a circuit for controlling a
potential of the counter electrode, and the common source
amplifier circuit is a circuit for amplifying a current depend-
ing on the amount of current flowing through the first current
source circuit in the image control signal output period, and
amplifying a current depending on the amount of current
flowing through the second current source circuit in the image
control signal stop period.

In the liquid crystal display device according to the
embodiment, the first current source circuit and the second
current source circuit are connected to a control circuit for a
current source circuit for making the amount of current flow-
ing through the first current source circuit different from the
amount of current flowing through the second current source
circuit and operating the first current source circuit or the
second current source circuit.

In the liquid crystal display device according to the
embodiment, the display control circuit may include a
memory circuit, a comparison circuit, a control signal output
circuit, and a selection circuit.

In the liquid crystal display device according to the
embodiment, a pixel including the pixel electrode may
include a transistor, and a semiconductor film of the transistor
may be an oxide semiconductor.

According to one embodiment of the present invention,
low power consumption in a power supply circuit of a liquid
crystal display device can be achieved when a moving image
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and a still image are displayed by switching a refresh rate in
a control circuit of the liquid crystal display device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A to 1C are diagrams illustrating a circuit configu-
ration of Embodiment 1.

FIGS. 2A and 2B are a perspective view and a circuit
configuration of Embodiment 1.

FIGS. 3A and 3B are diagrams illustrating circuit configu-
rations of Embodiment 1.

FIG. 4 is a diagram 1llustrating a timing chart of Embodi-
ment 1.

FIGS. 5A and 5B are diagrams illustrating circuit configu-
rations of Embodiment 1.

FIG. 6 is a block diagram of Embodiment 2.

FIG. 7 is a diagram illustrating a circuit configuration of
Embodiment 2.

FIG. 8 is a diagram illustrating a timing chart of Embodi-
ment 2.

FIGS. 9A and 9B are diagrams illustrating timing charts of
Embodiment 2.

FIG. 10 is a diagram illustrating a timing chart of Embodi-
ment 2.

FIGS. 11A to 11D are cross-sectional views illustrating
Embodiment 3.

FIGS. 12A and 12B are cross-sectional views illustrating
Embodiment 3.

FIGS. 13A to 13C are cross-sectional views illustrating
Embodiment 4.

FIGS. 14A to 14D are diagrams each illustrating an elec-
tronic device of Embodiment 5.

FIGS. 15A and 15B are diagrams illustrating a circuit
configuration of an operational amplifier.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the present invention will be described
below with reference to the accompanying drawings. How-
ever, the present invention can be carried out in many differ-
ent modes, and it is easily understood by those skilled in the
art that modes and details of the present invention can be
modified in various ways without departing from the purpose
and the scope of the present invention. Therefore, the present
invention is not interpreted as being limited to the description
of the embodiments below. Note that identical portions or
portions having the same function in all drawings illustrating
the structure of the present invention that are described below
are denoted by the same reference numerals.

Note that the size, the thickness of a layer, distortion of the
waveform of a signal, and a region of each structure illus-
trated in the drawings and the like in the embodiments are
exaggerated for simplicity in some cases. Therefore, embodi-
ments of the present invention are not limited to such scales.

Note that in this specification, terms such as “first”, “sec-
ond”, “third”, and “N-th” (N is a natural number) are used in
order to avoid confusion among components and do not limit
the number. The natural number is 1 or more unless otherwise
specified.

[Embodiment 1]

An example of a circuit configuration of an operational
amplifier in a power supply circuit in this embodiment will be
described.

FIG. 1A illustrates a circuit symbol of an operational
amplifier, and each terminal is denoted by a reference
numeral. In FIG. 1A, the operational amplifier includes a
non-inverting input terminal 191, an inverting input terminal
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192, an output terminal 193, a bias voltage input terminal 194,
a bias voltage input terminal 190A for a first current source
circuit, and a bias voltage input terminal 190B for a second
current source circuit. The circuit symbols illustrated in FIG.
1A are different from the circuit symbols of the operational
amplifier described in FIG. 15A. In FIG. 1A, the bias voltage
input terminal 190A for a first current source circuit and the
bias voltage input terminal 190B for a second current source
circuit are included so that a current that flows through a
common source amplifier circuit provided in a current ampli-
fier circuit of the operational amplifier in displaying a moving
image is made to be different from that in displaying a still
image.

FIG. 1B is an equivalent circuit diagram of the operational
amplifier illustrated in FIG. 1A. The operational amplifier
includes a differential circuit including a transistor 101 and a
transistor 102; a current mirror circuit including a transistor
103 and a transistor 104; a current source circuit including a
transistor 105; a current source circuit including a transistor
109A; a current source circuit including a transistor 109B; the
common source amplifier circuit including a transistor 106;
an idling circuit including a transistor 107 and a transistor
108; a source follower circuit including a transistor 110 and a
transistor 111; and a phase compensation capacitor 112. The
transistors 103, 104, 106, and 110 are connected to a high
power supply voltage side terminal 195; and the transistors
105, 109A, 109B, and 111 are connected to a low power
supply voltage side terminal 196. Not that in FIG. 1B, the
operational amplifier also includes the non-inverting input
terminal 191, the inverting input terminal 192, the output
terminal 193, the bias voltage input terminal 194, the bias
voltage input terminal 190A for a first current source circuit,
and the bias voltage input terminal 190B for a second current
source circuit, which are described in FIG. 1A.

Note that in FIG. 1B as well as FIG. 15B, the differential
circuit, the current mirror circuit, and the current source cit-
cuitincluding the transistor 105 are collectively referred to as
a differential amplifier circuit. In addition, the common
source amplifier circuit, the idling circuit, the current source
circuit including the transistor 109A (referred to as a first
current source circuit), and a current source circuit including
the transistor 109B (referred to as a second current source
circuit) are collectively referred to as a current amplifier cir-
cuit. Further, the transistors 110 and 111 are collectively
referred to as a source follower circuit. Note that in the fol-
lowing description with reference to FIG. 1B, portions similar
to those of'the circuit configuration of the operational ampli-
fier described in F1G. 15B are described by being collectively
abbreviated to a signal input/output circuit 120.

In the circuit configuration illustrated in FIG. 1B, an n-type
transistor is included in the differential circuit and a p-type
transistor is included in the current mirror circuit. This is also
the same in the structure where a polarity of each transistor
and a polarity ofa signal input into each terminal are reversed.

In the configuration of FIG. 1B, a type of a transistor that
can be applied to each transistor is not limited. It is thus
possible to apply a thin film transistor (TFT) using a non-
single crystal semiconductor film typified by amorphous sili-
con and polycrystalline silicon, a transistor using a semicon-
ductor substrate or an SOI substrate, a MOS transistor, a
Junction type transistor, a bipolar transistor, or the like.

Note that the operational amplifier illustrated in FIGS. 1A
and 1B can serve as a power supply circuit by connecting the
output terminal 193 to the inverting input terminal 192 in a
negative feedback arrangement as illustrated in FIG. 3A. Inan
example shown in FIG. 3A, a voltage level of a reference
power supply which is input to the non-inverting input termi-
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nal 191 can be output without change from the output termi-
nal. In the case where an n times (n is a positive integer)
voltage is output from the output terminal, as illustrated in
FIG. 3B, the voltage level of the output terminal 193 may be
divided into two resistors, here a resistor 198 and a resistor
199, in which a resistance ratio of the resistor 198 to the
resistor 199 is 1:n-1, and the resistors may be connected to
the inverting input terminal 192. In such a manner, a power
supply circuit whose current supply capability is high can be
formed by increasing the output voltage of the output terminal
193 by n times of the reference voltage.

Note that a reference power supply generation circuit such
as a band gap regulator may be used for the reference power
supply which is input into the non-inverting input terminal
191 illustrated in FIGS. 3A and 3B. The band gap regulator,
whose temperature coefficient is substantially 0, is often used.
Not that in FIGS. 3A and 3B, the bias voltage input terminal
190A for a first current source circuit and the bias voltage
input terminal 190B for a second current source circuit are
omitted.

FIG. 1C is a circuit diagram in which peripheral circuits
and the like of the operational amplifier illustrated in FIG. 1B
are also illustrated. Specifically, FIG. 1C illustrates a control
circuit for a current source circuit 130, a display control
circuit 140, and a liquid crystal display panel 150, in addition
to the operational amplifier. The liquid crystal display panel
150 includes a counter electrode 151 and a pixel circuit 152
including a pixel electrode.

Note that a signal for controlling the current source circuit
control circuit 130 is supplied from the display control circuit
140 to the current source circuit control circuit 130 depending
on whether an image displayed on the liquid crystal display
panel 150 is a moving image or a still image (an arrow 141).

Note that signals, which are supplied to control either the
transistor 109A or the transistor 109B so that the transistor
functions as the current source circuit of the current amplifier
circuit, are supplied from the current source circuit control
circuit 130 to the transistors 109 A and 109B through the bias
voltage input terminal 190A for a first current source circuit
and the bias voltage input terminal 190B for a second current
source circuit. The current source circuit control circuit 130
controls either the transistor 109A or the transistor 109B so
that the transistor functions as the current source circuit
depending on a signal from the display control circuit 140.
Then, a current that flows through the common source ampli-
fier circuit provided in the current amplifier circuit of the
operational amplifier in displaying a moving image can be
made to be different from that in displaying a still image by
the signal supplied from the display control circuit 140.

Note that a signal for driving the pixel circuit 152 is sup-
plied from the display control circuit 140 to the pixel circuit
152 depending on whether an image displayed on the liquid
crystal display panel 150 is a moving image or a still image
(an arrow 142).

Note that a common voltage is supplied from the signal
input/output circuit 120 to the counter electrode 151 through
the output terminal 193 (an arrow 121).

Next, FIG. 2A is a perspective view in which peripheral
circuits of the operational amplifier in the power supply cit-
cuitillustrated in FIGS. 1A to 1C are illustrated in addition to
the operational amplifier, and FIG. 2B illustrates a specific
configuration of the liquid crystal display panel 150.

In FIG. 2A, a display control circuit 302 and a power
supply circuit 303 are provided over an external substrate
301.

InFIG. 24, a pixel portion 310 provided with a plurality of
pixel circuits 311 is provided over a first display substrate 304
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which forms the liquid crystal display panel 150. Note that
signals for driving the pixel circuits 311 is supplied to the
pixel circuit 311 through an external connection wiring 306
and an external connection terminal 307.

InFIG. 2A, assecond display substrate 305 which forms the
liquid crystal display panel 150 is provided with a counter
electrode 312. Note that a common voltage is supplied from
the power supply circuit 303 to the counter electrode 312
through the external connection wiring 306, the external con-
nection terminal 307, and a common connection portion 308
(also referred to as a common contact portion).

In addition, in FIG. 2A, liquid crystal molecules (not
shown) are interposed between the pixel electrode of the pixel
portion 310 and the counter electrode 312, whereby the ori-
entation of the liquid crystal molecules is controlled in accor-
dance with the electric field between the two electrodes.

FIG. 2B illustrates the configuration of the first display
substrate 304 and the second display substrate 305 which
correspond to the liquid crystal display panel 150 in F1G. 2A
and signals each supplied from the external substrate 301 to
the liquid crystal display panel 150.

The first display substrate 304 illustrated in FIG. 2B
includes the plurality of pixel circuits 311 in the pixel portion
310. The plurality of pixel circuits 311 is connected to gate
lines 321, source lines 322, and capacitor lines 323 which are
provided in a matrix. In addition, the second display substrate
305 illustrated in FIG. 2B includes the counter electrode 312
provided on the entire surface.

A selection signal (Sel) for selecting a gate line is supplied
from the display control circuit 302 to the gate line 321
illustrated in FIG. 2B. In addition, an image signal (Data)
which is input into each pixel circuit 311 is supplied from the
display control circuit 302 to the source line 322 illustrated in
FIG. 2B. A capacitor voltage (Vcs) is supplied from the power
supply circuit 303 to the capacitor line 323 illustrated in FIG.
2B. A common voltage (Vcom) is supplied from the power
supply circuit 303 to the counter electrode 312 illustrated in
FIG. 2B. Note that the selection signal (Sel), the image signal
(Data), and the capacitor voltage (Vcs) are supplied through
an external connection wiring (the external connection wiring
306 in FIG. 2A) and the external connection terminal 307.
The common voltage (Vcom) is supplied through the external
connection wiring (the external connection wiring 306 in
FIG. 2A), the external connection terminal 307, and a com-
mon connection portion (the common connection portion 308
in FIG. 2A).

Note that the selection signal (Sel) and the image signal
(Data) are signals which are generated from a gate driver and
a source driver provided in the display control circuit 302. In
this embodiment, the selection signal (Sel) and the image
signal (Data) are also collectively referred to as an image
control signal. The image control signal corresponds to the
signal supplied in the direction of the arrow 142 which is
described above in FIG. 1C.

In the case where a moving image is displayed in the liquid
crystal display panel, the image control signal is to be output
successively from the display control circuit 302 in order to
update a voltage of the pixel electrode as needed. In the case
where a still image is displayed in the liquid crystal display
panel by reducing a refresh rate, the image control signal is to
be output intermittently from the display control circuit 302
in order to update a voltage of the pixel electrode every fixed
period.

In the case where a still image is displayed in the liquid
crystal display panel having the configuration of this embodi-
ment by reducing a refresh rate, a voltage of the pixel elec-
trode is updated every fixed period. In other words, since the
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voltage of the pixel electrode is not updated during a fixed
period, itis important to hold the voltage of the pixel electrode
during a fixed period. For example, a leakage current is
reduced when a transistor which is a switching element pro-
vided in the pixel circuit is turned off, and/or the amount of
electrostatic capacitance of a capacitor for holding the voltage
of the pixel electrode provided in the pixel circuit may be
designed large.

Note that the gate driver and the source driver which gen-
erate the image control signal operate by a timing signal such
as a clock signal and a start pulse signal. When a still image is
displayed in the liquid crystal display panel by reducing a
refresh rate, input of the timing signal into the gate driver and
the source driver can be stopped intermittently, and the image
control signal can be intermittently output from the display
control circuit 302. As a result, the gate driver and the source
driver can be temporarily stopped and thus low power con-
sumption of the gate driver and the source driver can be
achieved.

Note that in the following description, a period during
which the image control signals are successively output in
order to display a moving image is referred to as an image
control signal output period. In addition, a period during
which the image control signal is stopped in order to display
astill image, that is, a period during which input of the timing
signals into the gate driver and the source driver is stopped is
referred to as an image control signal stop period.

Note that in a period during which a still image is dis-
played, the image control signal is to be output to the liquid
crystal display panel even in the case where image signals
having the same voltage are written regularly in order to
refresh the voltage held in the pixel electrode. Therefore, a
period during which the image control signal is output from
the display control circuit 302 can also be referred to as an
image control signal output period, and a period during which
the image control signal is not output from the display control
circuit 302 can also be referred to as an image control signal
stop period.

An operation of the circuit in FIGS. 1B and 1C will be
briefly described. When an H-level signal is input into the
non-inverting input terminal 191, the drain current of the
transistor 101 becomes larger than the drain current of the
transistor 102. This is because the current source circuit
including the transistor 105 is connected to sources of the
transistors 101 and 102 included in the differential circuit.
Since the transistor 104 and the transistor 103 are included in
the current mirror circuit, the drain current of the transistor
103 comes to be equal to the drain current of the transistor
102. Thus, a difference (different current) between the drain
current of the transistor 103 and the drain current of the
transistor 101 is generated. The gate potential of the transistor
106 is lowered by a different current between the drain current
ofthetransistor 103 and the drain current of the transistor 101.
The transistor 106 is a p-type transistor; therefore, the drain
current is increased when the gate potential of the transistor
106 is lowered. The drain current of the transistor 106 is
changed depending on a current that flows through either the
first current source circuit 109A or the second current source
circuit 109B. Thus, the gate potential of the transistor 110 is
raised by a current that flows through the common source
amplifier circuit including the transistor 106 and therefore the
source potential of the transistor 110, that is, the output volt-
age of the output terminal 193 is also raised. Note that the
same operation is performed even when an L-level signal is
input into the inverting input terminal 192.

When an I -level signal is input into the non-inverting input
terminal 191, the drain current of the transistor 101 becomes
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smaller than the drain current of the transistor 102. This is
because the current source circuit including the transistor 105
is connected to sources of the transistors 101 and 102
included in the differential circuit. Since the transistor 104
and the transistor 103 are included in the current mirror cir-
cuit, the drain current of the transistor 103 comes to be equal
to the drain current of the transistor 102. Thus, a difference
(different current) between the drain current of the transistor
103 and the drain current of the transistor 101 is generated.
The gate potential of the transistor 106 is raised by a different
current between the drain current of the transistor 103 and the
drain current of the transistor 101. The transistor 106 is a
p-type transistor; therefore, the drain current is decreased
when the gate potential of the transistor 106 is raised. The
drain current of the transistor 106 is changed depending on a
current that flows through either the first current source circuit
109A or the second current source circuit 109B. Thus, the
gate potential of the transistor 110 is lowered by a current that
flows through the common source amplifier circuit including
the transistor 106 and therefore the source potential of the
transistor 110, that is, the output voltage of the output termi-
nal 193 is also lowered. Note that the same operation is
performed even when an H-level signal is input into the
inverting input terminal 192.

The characteristic point of the operation described above in
FIGS. 1B and 1C is that a drain current that flows through the
transistor 106 for amplifying a current is changed depending
on current that flows through either the first current source
circuit 109A or the second current source circuit 109B. Spe-
cifically, in the image control signal output period during
which a moving image is displayed, the first current source
circuit through which a current larger than that of the second
current source circuit is made to flow is selected; and in the
image control signal stop period during which a still image is
displayed, the second current source circuit through which a
current smaller than that of the first current source circuit is
madeto flow is selected. Note that other operations are similar
to those of FIG. 15B.

In the circuits of FIGS. 1B and 1C, as described above,
either the first current source circuit or the second current
source circuit operates so that a predetermined current flows
therethrough depending on whether the image displayed on
the liquid crystal display panel is a moving image or a still
image. Specifically, in the image control signal output period
during which a moving image is displayed, the current ampli-
fication factor of the common source amplifier circuit includ-
ing the transistor 106 is controlled by the current that flows
through the first current source circuit including the transistor
109A. In the image control signal stop period during which a
still image is displayed, the current amplification factor of the
common source amplifier circuit including the transistor 106
is controlled by the current that flows through the second
current source circuit including the transistor 109B, which is
different from the current that flows through the first current
source circuit. Then, a current that flows through the transis-
tor 106 which is the common source amplifier circuit pro-
vided in the current amplifier circuit of the operational ampli-
fierin displaying a moving image can be made to be different
from that in displaying a still image by the signal supplied
from the display control circuit 140.

Even when a current is made to flow through either the first
current source circuit or the second current source circuit, a
power supply circuit in which the level of the voltage to be
output is equivalent to the level of the voltage of an input
signal can be obtained by connecting the output terminal 193
to the inverting input terminal 192 of the operational amplifier
in a negative feedback arrangement. In this case, difference
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lies in the amount of current that flows through the first
current source circuit or the second current source circuit, that
is, the current supply capability of the output terminal of the
operational amplifier. As described above, in displaying a
moving image or a still image, either the first current source
circuit or the second curtent source circuit operates by
switching the current supply capability which is needed,
whereby a consumption current that flows through the current
source circuits of the current amplifier circuit can be reduced.
Accordingly, low power consumption in the power supply
circuit can be achieved.

Note that even in the case of the operation of inputting an
L-level signal into the non-inverting input terminal 191 and
the operation of inputting an H-level signal into the inverting
input terminal 192, either the first current source circuit or the
second current source circuit may be made to operate so that
a predetermined current flow therethrough, whereby the cur-
rent supply capability of the output terminal of the opera-
tional amplifier is made to be different.

The operations of switching the above first current source
circuit and second current source circuit will be described
with reference to a flow chart illustrated in FIG. 4.

Inafirst step 351 in FIG. 4, whether an image signal which
is input into the display control circuit is for a moving image
or a still image is judged. For example, by comparing the
image signals in successive frames, whether a moving image
or a still image is displayed is judged, and whether the image
signals are in the image control signal output period during
which a moving image is displayed or the image control
signal stop period during which a still image is displayed is
judged. Alternatively, the display control circuit may judge
whether a moving image or a still image is displayed in
accordance with the kind of inputted image signals. For
example, whether a moving image or a still image is displayed
may be judged with reference to the file format of electronic
data which is the source of an image signal. Alternatively, as
long as the display control circuit switches moving image
display and still image display in accordance with a switch
signal from the outside, the display control circuit may judge
whether a moving image or a still image is displayed in
accordance with the switch signal.

The processes of a first branch step 353 and a second
branch step 354 branch from a second step 352 depending on
whether the judgment in the first step 351 is in the image
control signal output period or not.

In the case where the second step 352 is in the image
control signal output period, the first current source circuit
operates so that a current is made to flow therethrough in the
first branch step 353.

In the case where the second step 352 is not in the image
control signal output period, the second current source circuit
operates so that a current is made to flow therethrough in the
second branch step 354.

As illustrated in FIG. 4, in the control circuit of the liquid
crystal display device described in this embodiment, the first
current source circuit or the second current source circuit in
the current amplifier circuit of the operational amplifier in the
power supply circuit operates selectively. In the common
source amplifier circuit included in the current amplifier cir-
cuitin the operational amplifier of the power supply circuit, a
current is amplified in the image control signal output period
in accordance with the amount of current that flows through
the first current source circuit, and a current is amplified in the
image control signal stop period in accordance with the
amount of current that flows through the second current
source circuit. Then, a current that flows through the common
source amplifier circuit provided in the current amplifier cir-
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cuitof the operational amplifier in displaying a moving image
can be made to be different from that in displaying a still
image.

Next, a specific configuration of the current source circuit
control circuit 130 illustrated in FIG. 1C will be described
with reference to FIGS. 5A and 5B. Here, two examples of the
circuit configuration will be described.

A control circuit for a current source circuit 130 illustrated
in FIG. 5A includes a first current source circuit 361A, a first
transistor 362 A, a first switch 363 A, a second current source
circuit 361B, a second transistor 362B, and a second switch
363B.

An operation of the current source circuit control circuit
130 illustrated in FIG. 5A will be briefly described. Note that
the levels of the currents that flow through the first current
source circuit 361A and the second current source circuit
361B are the same in the following description. The first
transistor 362 A and the transistor 109A illustrated in FIG. SA
form a current mirror circuit. The second transistor 362B and
the transistor 109B illustrated in FIG. 5A form another cur-
rent mirror circuit. In other words, the same level of current
can be made to flow through the first transistor 362A and the
second transistor 362B. Therefore, the ratio of a current that
flows through the transistor 109A and a current that flows
through the transistor 109B can be made to be different by
making the transistor 109A and the transistor 109B different
in channel width. Further, the display control circuit controls
on or off of the first switch 363 A and the second switch 363B
by switching them alternately, whereby a current can be made
to flow selectively through either the transistor 109A or the
transistor 109B.

Although in the above description, the ratio of a current that
flows through the transistor 109A and a current that flows
through the transistor 109B can be made to be different by
making the transistor 109A and the transistor 109B different
in channel width, another configuration may be employed. As
another example, the ratio of a current that flows through the
transistor 109A and a current that flows through the transistor
109B can be made to be different by making the first transistor
362A and the second transistor 362B different in channel
width.

Note that on or off of the first switch 363A and the second
switch 363B illustrated in FIG. 5A is controlled by the signal
(in the direction of the arrow 141) for controlling the current
source circuit control circuit 130, which is described above in
FIG. 1C.

A control circuit for a current source circuit 130 illustrated
in FIG. 5B includes a first resistor 371A, a second resistor
372A, a first transistor 373A, a third resistor 374A, a first
switch 375A, a fourth resistor 371B, a fifth resistor 372B, a
second transistor 373B, a sixth resistor 374B, and a second
switch 375B.

An operation of the current source circuit control circuit
130illustrated in FIG. 5B will be briefly described. A voltage
which is applied to a gate of the first transistor 373A is set by
the first resistor 371 A and the second resistor 372 A illustrated
in FIG. 5B. In addition, the voltage which is applied to a gate
of the second transistor 373B is set by the fourth resistor 371B
and the fifth resistor 372B illustrated in FIG. 5B. The voltage
which is applied to the gate of the first transistor 373 A and the
voltage which is applied to the gate of the second transistor
373B are made to be different by having different resistance
ratios between the first resistor 371A and the second resistor
372A and between the fourth resistor 371B and the fifth
resistor 372B. Further, the ratio ofa current that flows through
the transistor 109A and a current that flows through the tran-
sistor 109B can be changed by applying a voltage which is
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generated in a node between the first transistor 373 A and the
third resistor 374 A and applying a voltage which is generated
in a node between the second transistor 373B and the sixth
resistor 374A. Further, the display control circuit controls on
or off of the first switch 375A and the second switch 375B by
switching them alternately, whereby a current can be made to
flow selectively through either the transistor 109A or the
transistor 109B.

Note that on or off of the first switch 375A and the second
switch 375B illustrated in FIG. 5B is controlled by the signal
(in the direction of the arrow 141) for controlling the current
source circuit control circuit 130, which is described above in
FIG. 1C.

As described above, in one embodiment of the present
invention, the current source circuits which are provided in
the current amplifier circuit in the operational amplifier oper-
ate by switching the current source circuit used for displaying
a moving image and the current source circuit used for dis-
playing a still image. The current amplitude in the common
source amplifier circuit is controlled by switching the current
source circuits so that the current amplitude in displaying a
moving image is made to be different from that in displaying
a still image, whereby low power consumption in the power
supply circuitis achieved. The switching ofthe current source
circuits in the operational amplifier is performed by a display
control circuit for controlling the liquid crystal display panel
in order to switch moving image display and still image
display. As a result, low power consumption in a power sup-
ply circuit of a liquid crystal display device can be achieved
when a moving image and a still image are displayed by
switching a refresh rate in a control circuit of the liquid crystal
display device.

This embodiment can be implemented in appropriate com-
bination with the structures described in the other embodi-
ments.

[Embodiment 2]

In this embodiment, specific configurations of the display
control circuit 140 illustrated in FIG. 1C and the display
control circuit 302 illustrated in FIGS. 2A and 2B, which are
in the above embodiment, and timing charts of each circuit
will be described with reference to FIG. 6, FIG. 7, FIG. 8,
FIGS. 9A and 9B, and FIG. 10.

The display control circuit which will be specifically
described in this embodiment outputs an image control signal
for writing an image signal in every frame in the case where
image signals in successive frames are different from each
other (i.e., a moving image is displayed). On the other hand,
in the case where image signals in successive frames are the
same (i.e., a still image is displayed), supply of an image
control signal is stopped and a voltage applied to a liquid
crystal element is held by putting the potential of the pixel
electrode, which applies the voltage to the liquid crystal, ina
floating state; thus, a refresh rate is reduced.

The specific configuration of the display control circuit
illustrated in FIG. 1C and FIGS. 2A and 2B will be described
with reference to a block diagram in FIG. 6. FIG. 6 illustrates
a gate driver 505 and a source driver 506; and the liquid
crystal display panel 150, and the display control circuit 302
and the power supply circuit 303 over the external substrate
301, which are described by being denoted by reference
numerals in FIGS. 2A and 2B. Note that as for the configu-
ration of the liquid crystal display panel 150, the portions are
similar to those described by being denoted by reference
numerals in FIG. 2B and therefore the description of Embodi-
ment 1 is employed.

Note that although in FIG. 6 the gate driver 505 and the
source driver 506 are provided outside the external substrate
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301, the gate driver 505 and the source driver 506 may be
provided over the external substrate 301.

An image signal (an image signal Data) is supplied from an
external device connected to the liquid crystal display device
to the display control circuit 302. The display control circuit
302 controls supply or stop of atiming signal to the gate driver
505 and the source driver 506 in accordance with the image
signal Data. In addition, a power soutce is input into the
power supply circuit 303, and a plurality of power source
voltages for driving the liquid crystal display panel 150 is
generated by the power supply circuit 303. The plurality of
power source voltages is a high power supply voltageVdd and
a low power supply voltage Vss as well as the capacitor
voltage Vs supplied to the capacitor line 323 and the com-
mon voltage Vcom supplied to the counter electrode 312 in
the liquid crystal display panel 150.

Next, a configuration of the display control circuit 302 and
aprocedure in which the display control circuit 302 processes
an image signal will be described.

The display control circuit 302 includes a memory circuit
501, a comparison circuit 502, a timing signal output circuit
503, and a selection circuit 504.

The memory circuit 501 includes a plurality of frame
memories for storing image signals for a plurality of frames.
The number of frame memories included in the memory
circuit 501 is not particularly limited as long as the image
signals of the plurality of frames can be stored. Note that the
frame memory may be formed using a memory element such
as dynamic random access memory (DRAM) or static ran-
dom access memory (SRAM).

Note that the number of frame memories is not particularly
limited as long as an image signal can be stored for each frame
period. In addition, the image signals stored in the frame
memories are selectively read by the comparison circuit 502
and the timing signal output circuit 503. Note that a frame
memory 501 A in the drawing is schematically illustrated as a
memory region of one frame.

The comparison circuit 502 is a circuit that selectively
reads image signals in successive frame periods stored in the
memory circuit 501, compares the image signals in the suc-
cessive frame periods in each pixel, and detects a difference
thereof.

In this embodiment, depending on whether a difference of
image signals between frames is detected or not, operations of
the timing signal output circuit 503 and the selection circuit
504 are determined. When a difference is detected between
the frames in any of the pixels by the comparison circuit 502
(when there is a difference), the comparison circuit 502 deter-
mines that image signals are not for displaying a still image
and that successive frame periods between which the differ-
ence is detected are periods for displaying a moving image.

On the other hand, when a difference is not detected in any
of the pixels by comparing the image signals in the compari-
son circuit 502 (when there is no difference), the successive
frame periods during which the difference is not detected is
determined as period during which a still image is to be
displayed. That is, the comparison circuit 502 determines
whether image signals in the successive frame periods are
moving image signals or still image signals by detecting
whether or not there is a difference between the image signals.

Note that the criterion of determining that there is a differ-
ence by the comparison may be set such that the difference is
recognized when the degree of the difference exceeds a cer-
tain value. The comparison circuit 502 may be set to detect a
difference by the absolute value of the difference.

The selection circuit 504 includes a plurality of switches,
for example, switches formed using transistors. In the case
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where the comparison circuit 502 detects a difference in
successive frames, that is, in the case where an image is a
moving image, the selection circuit 502 selects an image
signal of a moving image from frame memories in the
memory circuit 501 and outputs the image signals to the
timing signal output circuit 503.

Note that in the case where the comparison circuit 502 does
not detect a difference in the successive frame periods, that is,
the image is a still image, the selection circuit 504 does not
output the image signal to the timing signal output circuit 503
from the frame memories in the memory circuit 501. With the
configuration in which an image signal is not output to the
timing signal output circuit 503 from the frame memories,
power consumption of the external substrate 301 can be
reduced.

The timing signal output circuit 503 is a circuit for control-
ling supply or stop of an image signal which is selected by the
selection circuit 504 and a timing signal to the gate driver 505
and the source driver 506.

Next, the configuration of the power supply circuit 303 will
be described. Here, the capacitor voltage Vcs supplied to the
capacitor line 323 and the common voltage Vcom supplied to
the counter electrode 312 in the liquid crystal display panel
150 are described as examples of the plurality of power
source voltages which is generated in the power supply cir-
cuit.

The power supply circuit 303 includes a reference power
supply voltage generation circuit 507, a capacitor voltage
generation circuit 508, and a common voltage generation
circuit 509.

A band gap regulator or the like may be used for the
reference power supply voltage generation circuit 507. The
band gap regulator, whose temperature coefficient is substan-
tially 0, is often used.

The capacitor voltage generation circuit 508 includes an
operational amplifier and is a circuit for generating the
capacitor voltage to be supplied to the capacitor line.

The common voltage generation circuit 509 includes the
operational amplifier described in Embodiment 1, in which
the first current source circuit and the second current source
circuit are switched by the current source circuit control cir-
cuit, and is a circuit for generating a common voltage to be
supplied to the counter electrode. Note that the current source
circuit control circuit included in the common voltage gen-
eration circuit 509 is controlled in accordance with judge-
ment whether a moving image or a still image is displayed in
the display control circuit 302. Specifically, the current
source circuit control circuit included in the common voltage
generation circuit 509 is controlled in accordance with supply
or stop of an image signal which is selected by the selection
circuit 504 in the display control circuit 302 and a timing
signal from the timing signal output circuit 503.

The pixel circuit 311 includes a transistor 603 as a switch-
ing element, and a capacitor 604 and a liquid crystal element
605 which are connected to the transistor 603 (see FIG. 7).

As the transistor 603, a transistor having a lower off-state
current is used. When the transistor 603 is off, electrical
charges accumulated in the capacitor 604 and the liquid crys-
tal element 605 which are connected to the transistor 603
whose off current is reduced are less likely to leak through the
transistor 603, and a state where a signal is written before the
transistor 603 is off can be held for a long time.

In this embodiment, liquid crystal molecules are controlled
by an electric field which is generated by the pixel electrode
provided over the first substrate and the counter electrode
provided on the second substrate which faces the first sub-
strate.
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The gate line 321 is supplied with a selection signal from
the gate driver 505 through the external connection terminal
307. The source line 322 is supplied with an image signal
from the source driver 506 through the external connection
terminal 307. The capacitor line 323 is supplied with a capaci-
tor voltage Ves from the capacitor voltage generation circuit
508 through the external connection terminal 307. The
counter electrode 312 is supplied with a common voltage
Veom from the common voltage generation circuit 509
through the external connection terminal 307.

Next, signals supplied to the pixels are described with
reference to a circuit diagram of the liquid crystal display
device illustrated in FIG. 7 and a timing chart illustrated in
FIG. 8.

FIG. 8 illustrates a clock signal GCK and a start pulse GSP
which are supplied from the timing signal output circuit 503
to the gate driver 505. In addition, FIG. 8 illustrates a clock
signal SCK and a start pulse SSP which are supplied from the
timing signal output circuit 503 to the source driver 506. Note
that FIG. 8 illustrates a simple square wave as the waveform
of the clock signal in order to describe the timing of output of
the clock signal.

FIG. 8 also illustrates a state of the source line 322 (Data
line), a state of the pixel electrode, and a switching state of the
counter electrode.

In FIG. 8, a period 401 corresponds to a period during
which image signals for displaying a moving image are writ-
ten. In the period 401, an operation is performed so that image
signals are supplied to the pixels in the pixel portion 310 and
the common voltage generated using the first current source
circuit in the power supply circuit is supplied to the counter
electrode.

Further, a period 402 corresponds to a period during which
a still image is displayed. In the period 402, an operation is
performed so that image signals are stopped to the pixels in
the pixel portion 310 and the common voltage generated
using the second current source circuit in the power supply
circuit is supplied to the counter electrode.

Note that, although the configuration of FIG. 8 illustrates
that each signal is supplied so that the gate driver 505 and the
source driver 506 stop operating in the period 402, it is pref-
erable to employ a configuration in which image signals are
regularly written in accordance with the length of the period
402 and the refresh rate to prevent deterioration of a still
image.

First, the period 401 of the timing chart illustrated in FIG.
8 will be described. In the period 401, a clock signal is always
supplied as the clock signal GCK, and a pulse is supplied as
the start pulse GSP in accordance with a vertical synchroni-
zation frequency. Further, in the period 401, a clock signal is
always supplied as the clock signal SCK, and a pulse is
supplied as the start pulse SSP in accordance with one gate
selection period.

In addition, the image signal Data is supplied to the pixel of
each row through the source line 322, and the potential of the
image signal Data in the source line 322 is supplied to the
pixel electrode in accordance with the potential of the gate
line 321.

Further, the timing signal output circuit 503 selects the first
current source circuit in the operational amplifier of the com-
mon voltage generation circuit 509 and supplies a generated
common voltage to the counter electrode.

Next, the period 402 of the timing chart illustrated in FIG.
8 will be described. In the period 402, the clock signal GCK,
the start pulse GSP, the clock signal SCK, and the start pulse
SSP which serve as timing signals of the gate driver 505 and
the source driver 506 are stopped. In addition, in the period
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402, the selection signal Sel supplied to the gate line 321 and
the image signal Data supplied to the source line 322 are
stopped. In the period 402 during which the supply of the
clock signal GCK and the start pulse GSP is stopped, the
transistor 603 is brought out of electrical conduction and the
potential of the pixel electrode is in a floating state.

In other words, in the period 402, the potential of the pixel
electrode of the liquid crystal element 605 is put in a floating
state; thus, a still image can be displayed without the supply
of another potential. Further, the supply of the clock signals
and the start pulses to be the timing signals of the gate driver
505 and the source driver 506 are stopped, whereby low
power consumption can be achieved.

In particular, when a transistor whose off-state current is
low are used for the transistor 603, a decrease over time of the
voltage applied to both terminals of the liquid crystal element
605 can be suppressed.

Next, operation of the timing signal output circuit 503 in a
period during which a moving image is switched to a still
image (a period 403 in FIG. 8) and a period during which a
stillimage is changed to amoving image (a period 404 in FIG.
8) will be described with reference to FIGS. 9A and 9B. FIGS.
9A and 9B illustrate potentials of high power supply potential
Vdd, the clock signal (here, GCK), and the start pulse signal
(here, GSP) which are output from the timing signal output
circuit 503 to the gate driver 505 and the source driver 506.

FIG. 9A illustrates the operation of the timing signal output
circuit 503 in the period 403 during which a displayed image
is switched from a moving image to a still image. The timing
signal output circuit 503 stops supplying the start pulse GSP
(E1inFIG. 9A, a first step). The supply of the start pulse GSP
is stopped and then, the supply of a plurality of clock signals
GCK 1s stopped after pulse output reaches the last stage of the
shift register (E2 in FIG. 9A, a second step). Then, the poten-
tial of the power supply voltage is changed from the high
power supply potential Vdd to the low power supply potential
Vss (E3 in FIG. 9A, a third step).

Through the above steps, the supply of timing signals to the
gate driver 505 and the source driver 506 can be stopped
without causing malfunction of the gate driver 505 and the
source driver 506. Malfunction in switching a moving image
to a still image causes noise, and a still image affected by the
noise is held. Therefore, a liquid crystal display device which
includes the gate driver 505 and the source driver 506 with
fewer malfunctions can display a still image which is not
deteriorated so much.

Next, FIG. 9B illustrates the operation of the timing signal
output circuit 503 in the period 404 during which a displayed
image is switched from a still image to a moving image. The
timing signal output circuit 503 changes the potential of the
power supply voltage from the low power supply potential
Vss to the high power supply potential Vdd (S1in FIG. 9B, a
first step). Then, after an H-level potential is supplied as the
clock signal GCK, a plurality of clock signals GCK is sup-
plied (S2 in FIG. 9B, a second step). Next, the start pulse
signal GSP is supplied (S3 in FIG. 9B, a third step).

Through the above steps, the supply of timing signals to the
gate driver 505 and the source driver 506 can be started again
without causing malfunction of the gate driver 505 and the
source driver 506. The gate driver 505 and the source driver
506 can be driven without malfunction by sequentially chang-
ing potentials of the wirings back to those at the time of
displaying a moving image.

FIG. 10 schematically illustrates the frequency of writing
of image signals in each frame period in a period 801 during
which a moving image is displayed and a period 802 during
which a still image is displayed. In FIG. 10, “W” indicates a
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period during which an image signal is written, and “H”
indicates a period during which the image signal is held.
Although a period 803 indicates one frame period in F1G. 10,
the period 803 may be a different period.

In the structure of the liquid crystal display device of this
embodiment, an image signal of a still image displayed in the
period 802 is written in a period 804, and the image signal
written in the period 804 is held in the other period in the
period 802.

The liquid crystal display device described in this embodi-
ment as an example can decrease writing frequency of an
image signal in a period during which a still image is dis-
played. As a result, low power consumption at the time of
displaying a still image can be achieved.

In the case where the same images are rewritten plural
times to display a still image, visual recognition of switching
between the images might cause eyestrain. In the liquid crys-
tal display device of this embodiment, the frequency of writ-
ing image signals is reduced, whereby there is an advanta-
geous effect of making eyestrain less severe.

This embodiment can be implemented in appropriate com-
bination with the structures described in the other embodi-
ments.

[Embodiment 3]

In this embodiment, a structural example of the transistor
ofthe pixel in the liquid crystal display panel 150 described in
Embodiment 1 will be described.

As structural examples of the transistor, transistors each
including an oxide semiconductor layer as a semiconductor
layer will be described with reference to FIGS. 11A to 11D
and FIGS. 12A and 12B. FIGS. 11A to 11D and FIGS. 12A
and 12B are cross-sectional schematic views of the transistor.

A transistor illustrated in FIG. 11A is a kind of bottom-gate
transistor called an inverted-staggered transistor.

The transistor illustrated in FIG. 11 A includes a conductive
layer 711 provided over a substrate 710, an insulating layer
712 provided over the conductive layer 711, an oxide semi-
conductor layer 713 provided over the conductive layer 711
with the insulating layer 712 interposed therebetween, and a
conductive layer 715 and a conductive layer 716 provided
over parts of the oxide semiconductor layer 713.

Further, FI1G. 11 A illustrates an oxide insulating layer 717
which is in contact with the other part of the oxide semicon-
ductor layer 713 of the transistor (part of the oxide semicon-
ductor layer 713 over which neither the conductive layer 715
nor the conductive layer 716 is provided) and a protective
insulating layer 719 provided over the oxide insulating layer
717.

A transistor illustrated in FIG. 11B is a channel protective
(also referred to as a channel stop) transistor which is a kind
of bottom-gate transistors called an inverted-staggered tran-
sistor.

The transistor illustrated in FIG. 11B includes a conductive
layer 721 provided over a substrate 720, an insulating layer
722 provided over the conductive layer 721, an oxide semi-
conductor layer 723 provided over the conductive layer 721
with the insulating layer 722 interposed therebetween, an
insulating layer 727 provided over the conductive layer 721
with the insulating layer 722 and the oxide semiconductor
layer 723 interposed therebetween, and a conductive layer
725 and a conductive layer 726 provided over parts of the
oxide semiconductor layer 723 and parts of the insulating
layer 727.

When the conductive layer 721 is overlapped with part of
or the entire oxide semiconductor layer 723, light entering the
oxide semiconductor layer 723 can be suppressed.
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Further, FIG. 11B illustrates a protective insulating layer
729 provided over the transistor.

A transistor illustrated in FIG. 11C is a kind of bottom-gate
transistor.

The transistor illustrated in FIG. 11C includes a conductive
layer 731 provided over a substrate 730, an insulating layer
732 provided over the conductive layer 731, a conductive
layer 735 and a conductive layer 736 provided over parts of
the insulating layer 732, and an oxide semiconductor layer
733 provided over the conductive layer 731 with the insulat-
ing layer 732, the conductive layer 735, and the conductive
layer 736 interposed therebetween.

When the conductive layer 731 is overlapped with part of
or the entire oxide semiconductor layer 733, light entering the
oxide semiconductor layer 733 can be suppressed.

Further, FIG. 11C illustrates an oxide insulating layer 737
which is in contact with an upper surface and a side surface of
the oxide semiconductor layer 733 and a protective insulating
layer 739 provided over the oxide insulating layer 737.

A transistor illustrated in FIG. 11D is a kind of top-gate
transistor.

The transistor illustrated in FIG. 11D includes an oxide
semiconductor layer 743 provided over a substrate 740 with
an insulating layer 747 interposed therebetween, a conductive
layer 745 and a conductive layer 746 provided over parts of
the oxide semiconductor layer 743, an insulating layer 742
provided over the oxide semiconductor layer 743, the con-
ductive layer 745, and the conductive layer 746, and a con-
ductive layer 741 provided over the oxide semiconductor
layer 743 with the insulating layer 742 interposed therebe-
tween.

For example, as the substrate 710, the substrate 720, the
substrate 730, and the substrate 740, a glass substrate (e.g,,
barium borosilicate glass or aluminoborosilicate glass), a
substrate formed of an insulator (e.g., a ceramic substrate, a
quartz substrate, or a sapphire substrate), a crystallized glass
substrate, a plastic substrate, or a semiconductor substrate
(e.g., a silicon substrate) is used.

In the transistor illustrated in F1G. 11D, the insulating layer
747 serves as a base layer for preventing diffusion of an
impurity element from the substrate 740. The insulating layer
747 can be formed to have a single-layer structure or a
stacked-layer structure using one or more of a silicon nitride
layer, a silicon oxide layer, a silicon nitride oxide layer, a
silicon oxynitride layer, an aluminum oxide layer, and an
aluminum oxynitride layer. Alternatively, the insulating layer
747 can be a stack of a layer using a light-blocking material
and the above layer. Still alternatively, the insulating layer
747 can be a layer using a light-blocking material. Note that
when the insulating layer 747 is formed with a layer using a
light-blocking material, light entering the oxide semiconduc-
tor layer 743 can be suppressed.

Note that in the transistors illustrated in FIGS. 11A to 11C
as well as the transistor illustrated in FIG. 11D, the insulating
layer 747 may be provided between the substrate 710 and the
conductive layer 711, between the substrate 720 and the con-
ductive layer 721, or between the substrate 730 and the con-
ductive layer 731.

The conductive layers (the conductive layer 711, the con-
ductive layer 721, the conductive layer 731, and the conduc-
tive layer 741) each function as a gate of the respective tran-
sistors. For example, as each of the conductive layers, a layer
of a metal material such as molybdenum, titanium, chro-
mium, tantalum, tungsten, aluminum, copper, neodymium, or
scandium, or an alloy material which contains any of the
metal materials as its main component is used.
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The insulating layers (the insulating layer 712, the insulat-
ing layer 722, the insulating layer 732, and the insulating
layer 742) each function as a gate insulating layer of the
respective transistors.

For example, as each of the insulating layers (the insulating
layer 712, the insulating layer 722, the insulating layer 732,
and the insulating layer 742), a silicon oxide layer, a silicon
nitride layer, a silicon oxynitride layer, a silicon nitride oxide
layer, an aluminum oxide layer, an aluminum nitride layer, an
aluminum oxynitride layer, an aluminum nitride oxide layer,
a hafnium oxide layer, or aluminum gallium oxide layer is
used.

As each of the insulating layers (the insulating layer 712,
the insulating layer 722, the insulating layer 732, and the
insulating layer 742) each of which functions as a gate insu-
lating layer, which is in contact with the oxide semiconductor
layer (the oxide semiconductor layer 713, the oxide semicon-
ductor layer 723, the oxide semiconductor layer 733, or the
oxide semiconductor layer 743), an insulating layer contain-
ing oxygen is preferably used, and more preferably, the insu-
lating layer containing oxygen includes a region (also
referred to as an oxygen excessive region) where the propor-
tion of oxygen is higher than that in the stoichiometric com-
position.

When the insulating layer which functions as a gate insu-
lating layer includes an oxygen excess region, oxygen can be
prevented from transferring from the oxide semiconductor
layer to the insulating layer which functions as a gate insu-
lating layer. In addition, oxygen can be supplied from the
insulating layer which functions as a gate insulating layer to
the oxide semiconductor layer. Thus, the oxide semiconduc-
tor layer which is in contact with the insulating layer and
functions as a gate insulating layer can contain a sufficient
amount of oxygen.

Each of the insulating layers (the insulating layer 712, the
insulating layer 722, the insulating layer 732, and the insu-
lating layer 742) which functions as a gate insulating layer is
preferably formed by a method with which impurities such as
hydrogen and water do not enter the insulating layer. This is
because, when impurities such as hydrogen and water are
included in the insulating layer which functions as a gate
insulating layer, for example, the impurities such as hydrogen
and water enter each of the oxide semiconductor layers (the
oxide semiconductor layer 713, the oxide semiconductor
layer 723, the oxide semiconductor layer 733, and the oxide
semiconductor layer 743) or oxygen in the oxide semicon-
ductor layer is extracted by the impurities such as hydrogen
and water, so that the oxide semiconductor layer might have
lower resistance (have n-type conductivity) and a parasitic
channel might be formed. For example, the insulating layer
which functions as a gate insulating layer is preferably
formed by a sputtering method, and a high-purity gas in
which impurities such as hydrogen and water are removed is
preferably used as a sputtering gas.

Note that treatment for supplying oxygen is preferably
performed on the insulating layer which functions as a gate
insulating layer. As the treatment for supplying oxygen, heat
treatment under an oxygen atmosphere, oxygen doping treat-
ment, and the like can be given. Alternatively, oxygen may be
added by performing irradiation with oxygen ions accelerated
by an electric field. Note that in this specification and the like,
“oxygen doping treatment” means addition of oxygen to a
bulk, and the term “bulk” is used in order to clarify that
oxygen is added not only to a surface of a film but also to the
inside of the film. In addition, “oxygen doping” includes
“oxygen plasma doping” in which oxygen which is made to
be plasma is added to a bulk.
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Treatment for supplying oxygen such as oxygen doping
treatment is performed on the insulating layer which func-
tions as a gate insulating layer, whereby a region where the
proportion of oxygen is higher than that in the stoichiometric
composition is formed in the insulating layer which functions
as a gate insulating layer. Providing such a region allows
oxygen to be supplied to the oxide semiconductor layer, and
accordingly, oxygen deficiency in the oxide semiconductor
layer or the interface between the oxide semiconductor layer
and the insulating layer which functions as a gate insulating
layer can be reduced.

Forexample, in the case where an aluminum gallium oxide
layer is used as the insulating layer which function as a gate
insulating layer, treatment for supplying oxygen such as oxy-
gen doping treatment is performed, whereby the composition
of aluminum gallium oxide can be Ga Al, O, (0<x=2,
O<a<l).

Alternatively, an oxygen gas or a mixed gas containing an
inert gas (e.g., nitrogen or a rare gas such as argon) and
oxygen is introduced when the insulating layer which func-
tion as a gate insulating layer is formed by a sputtering
method, whereby an oxygen excessive region may be formed
in the insulating layer which function as a gate insulating
layer. Note that after the film formation by a sputtering
method, heat treatment may be performed.

The oxide semiconductor layers (the oxide semiconductor
layer 713, the oxide semiconductor layer 723, the oxide semi-
conductor layer 733, and the oxide semiconductor layer 743)
each function as a channel formation layer of the respective
transistors. As an oxide semiconductor that can be used for
the oxide semiconductor layer, the following metal oxides
can be given: a four-component metal oxide (e.g., an
In—Sn—Ga—7n—0-based metal oxide), three-component
metal oxides (e.g., an In—Ga—7n—O0-based metal oxide, an
In—Sn—7n—0-based metal oxide, an In—Al—7Zn—0O-
based metal oxide, a Sn—Ga—Zn—0-based metal oxide, an
Al—Ga—7Zn—0-based metal oxide, a Sn—Al—7n—0-
based metal oxide, and a Hf —In—Zn—O-based metal
oxide), and two-component metal oxides (e.g., an In—7Zn—
O-based metal oxide, a Sn—7n—0O-based metal oxide, an
Al—7n—0-based metal oxide, a Zn—Mg—O-based metal
oxide, a Sn—Mg—O-based metal oxide, an In—Mg—O-
based metal oxide, an In—Ga—O-based metal oxide, and an
In—Sn—O-based metal oxide). As other examples of the
oxide semiconductor, an In—O-based metal oxide, a Sn—O-
based metal oxide, or a Zn—O-based metal oxide can be
used. As another example of the oxide semiconductor, an
oxide semiconductor in which the metal oxide that can be
used as the oxide semiconductor contains Si0, can be used.

A material represented by InMO,(Zn0),, (m>0) can be
used as the oxide semiconductor. Here, M represents one or
more metal elements selected from Ga, Al, Mn, and Co. For
example, Ga, Ga and Al, Ga and Mn, Ga and Co, and the like
can be given as M.

The conductive layers (the conductive layers 715 and 716,
the conductive layers 725 and 726, the conductive layers 735
and 736, and the conductive layers 745 and 746) each func-
tion as a source or a drain of the respective transistors. For
example, as each of the conductive layers, a layer of a metal
material such as aluminum, chromium, copper, tantalum, tita-
nium, molybdenum, or tungsten, or an alloy material which
contains any of the metal materials as its main component is
used.

For example, as each of the conductive layers each of
which functions as a source or a drain of the respective tran-
sistor, a metal material layer of aluminum or copper and a
high-melting-point metal layer of titanium, molybdenum,
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tungsten, or the like are stacked. Alternatively, a metal mate-
rial layer of aluminum or copper is provided between a plu-
rality of high-melting-point metal layers. Further, heat resis-
tance of the respective transistors can be improved when an
aluminum layer to which an element for preventing genera-
tion of hillocks and whiskers (e.g., silicon, neodymium, or
scandium) is added is used as the conductive layer.

As the material of the conductive layer, indium oxide
(In,0,), tin oxide (SnO,), zinc oxide (ZnO), an alloy of
indium oxide and tin oxide (In,O;—Sn0,, abbreviated to
ITO), analloy of indium oxide and zinc oxide (In,0;—Zn0),
or such a metal oxide material containing silicon oxide is
used.

The insulating layer 727 functions as a layer for protecting
a channel formation layer of the transistor (also referred to as
a channel protective layer).

For example, as each of the oxide insulating layer 717 and
the oxide insulating layer 737, an oxide insulating layer such
as a silicon oxide layer is used.

For example, as each of the protective insulating layer 719,
the protective insulating layer 729, and the protective insu-
lating layer 739, an inorganic insulating layer such as a silicon
nitride layer, an aluminum nitride layer, silicon nitride oxide
layer, or an aluminum nitride oxide layer is used.

An oxide conductive layer which functions as a source
region and a drain region may be provided as a buffer layer
between the oxide semiconductor layer 743 and the conduc-
tive layer 745 and between the oxide semiconductor layer 743
and the conductive layer 746. F1G. 12 A illustrates a transistor
in which an oxide conductive layer is provided for the tran-
sistor in FIG. 11D.

Inthetransistor of FIG. 12A, an oxide conductive layer 792
and an oxide conductive layer 794 each of which functions as
asource region or a drain region are formed between an oxide
semiconductor layer 743, and a conductive layer 745 and a
conductive layer 746 each of which functions as a source or a
drain. The transistor in FIG. 12B is an example in which the
shapes of the oxide conductive layer 792 and the oxide con-
ductive layer 794 differ depending on a manufacturing pro-
cess.

In the transistor of FIG. 12A, an oxide semiconductor film
and an oxide conductive film are stacked and processed in the
same photolithography step into the oxide semiconductor
layer 743 and an oxide conductive film each of which has an
island shape. After the conductive layer 745 and the conduc-
tive layer 746 each of which functions as a source or a drain
are formed over the oxide semiconductor layer 743 and the
oxide conductive film, the island-shaped oxide conductive
film is etched using the conductive layer 745 and the conduc-
tive layer 746 as masks, whereby the oxide conductive layer
792 and the oxide conductive layer 794 each of which func-
tions as a source region or a drain region are formed.

In the transistor of FIG. 12B, an oxide conductive film is
formed over an oxide semiconductor layer 743, a metal con-
ductive film is formed thereover, and the oxide conductive
film and the metal conductive film are processed in the same
photolithography step into an oxide conductive layer 792 and
an oxide conductive layer 794 each of which functions as a
source region or a drain region and a conductive layer 745 and
a conductive layer 746 each of which functions as a source or
a drain.

Note that when etching is performed to process the shape of
the oxide conductive layer, etching conditions (such as the
kind of the etchant, the concentration, and the etching time)
are adjusted as appropriate so that the oxide semiconductor
layer is not etched off too much.
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As the formation method of the oxide conductive layer 792
and the oxide conductive layer 794, a sputtering method, a
vacuum evaporation method (e.g., an electron beam evapora-
tion method), an arc discharge ion plating method, or a spray
method is used. As a material of the oxide conductive layers,
zine oxide, zinc aluminum oxide, zinc aluminum oxynitride,
zine gallium oxide, indium tin oxide containing silicon oxide
(ITSQ), or the like can be used. In addition, the above mate-
rials may contain silicon oxide.

When the oxide conductive layers are each provided as a
source region or a drain region between the oxide semicon-
ductor layer 743 and the conductive layer 745 or the conduc-
tive layer 746 which functions as a source or a drain, lower
resistance of the source region and the drain region can be
achieved and thus the transistor can operate at high speed.

With the structure of the oxide semiconductor layer 743,
the oxide conductive layer (the oxide conductive layer 792 or
the oxide conductive layer 794) which functions as a drain
region, and the conductive layer (the conductive layer 745 or
the conductive layer 746) which function as a drain, withstand
voltage of the transistor can be increased.

This embodiment can be implemented in appropriate com-
bination with the structures described in the other embodi-
ments.

[Embodiment 4]

Inthis embodiment, an example of an oxide semiconductor
layer which can be used as the semiconductor layer of the
transistor in the pixel of the liquid crystal display panel 150
will be described with reference to FIGS. 13A to 13C.

The oxide semiconductor layer of this embodiment has a
stacked-layer structure in which a second crystalline oxide
semiconductor layer having a larger thickness than that of a
first crystalline oxide semiconductor layer is formed over the
first crystalline oxide semiconductor layer.

Aninsulating layer 1602 is formed over an insulating layer
1600. In this embodiment, as the insulating layer 1602, an
oxide insulating layer having a thickness of larger than or
equal to 50 nm and smaller than or equal to 600 nm is formed
by a PCVD method or a sputtering method. For example, one
layer selected from a silicon oxide film, a gallium oxide film,
an aluminum oxide film, a silicon oxynitride film, an alumi-
num oxynitride film, and a silicon nitride oxide film or a
stacked layer thereof can be used.

Next, a first oxide semiconductor film having a thickness of
larger than or equal to 1 nm and smaller than or equal to 10 nm
is formed over the insulating layer 1602. The first oxide
semiconductor film is formed by a sputtering method, and a
substrate temperature at the formation by a sputtering method
is set to higher than or equal to 200° C. and lower than or equal
to 400° C.

In this embodiment, the first oxide semiconductor film is
formed to a thickness of 5 nm under an oxygen atmosphere,
an argon atmosphere, or a mixed atmosphere of argon and
oxygen under conditions that a target for an oxide semicon-
ductor (a target for an In—Ga—Z7n—O0-based oxide semi-
conductor containing In, 05, Ga,0;5, and ZnO at 1:1:2 [molar
ratio]) is used, the distance betweern a substrate and the target
is 160 mm, the substrate temperature is 250° C., the pressure
is 0.4 Pa, and the direct current (DC) power source is 0.5 kW.

Then, first heat treatment is performed with a chamber
where the substrate is placed is set under an atmosphere of
nitrogen or dry air. The first heat treatment is performed at a
temperature of higher than or equal to 400° C. and lower than
or equal to 750° C. Through the first heat treatment, a first
crystalline oxide semiconductor layer 1604 is formed (see
FIG. 13A).
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Although it depends on the temperature of the first heat
treatment, crystallization occurs from a film surface by the
first heat treatment, crystal growth proceeds from the film
surface toward the inside thereof, and a c-axis-aligned crystal
can be obtained. By the first heat treatment, a large amount of
zinc and oxide is concentrated at the film surface, and one or
aplurality of graphene-type two-dimensional crystals includ-
ing zinc and oxygen, the upper flat surface each of which is
hexagonal, is formed on an outermost surface. The growth of
these crystals in the thickness direction of the first oxide
semiconductor film proceeds and the crystals overlap with
each other and stacked. In the case where the temperature of
the first heat treatment is increased, the crystal growth pro-
ceeds from the surface to the inside thereof and further the
inside to the bottom.

By the first heat treatment, oxygen in the insulating layer
1602 which is an oxide insulating layer is diffused into an
interface between the first crystalline oxide semiconductor
layer 1604 and the insulating layer 1602 or the vicinity
thereof (£5 nm from the interface), whereby the oxygen defi-
ciency in the first crystalline oxide semiconductor layer 1604
is reduced. Thus, the amount of the oxygen of the insulating
layer 1602 which is used as a base insulating layer (a bulk
thereof) or the amount of the oxygen at the interface between
the first crystalline oxide semiconductor layer 1604 and the
insulating layer 1602 is preferably greater than the stoichio-
metric proportion.

Next, a second oxide semiconductor film having a thick-
ness larger than 10 nm is formed over the first crystalline
oxide semiconductor layer 1604. The second oxide semicon-
ductor film is formed by a sputtering method, and a substrate
temperature at the formation is set to higher than or equal to
200° C. and lower than or equal to 400° C. When the substrate
temperature at the film formation s set to higher than or equal
to 200° C. and lower than or equal to 400° C., an oxide
semiconductor layer which is to be formed in contact with a
surface of the first crystalline oxide semiconductor layer 1604
can be ordered as a result of alignment of precursors on the
oxide semiconductor layer.

In this embodiment, the second oxide semiconductor film
is formed to a thickness of 25 nm under an oxygen atmo-
sphere, an argon atmosphere, or a mixed atmosphere of argon
and oxygen under conditions that a target for an oxide semi-
conductor (a target for an In—Ga—/n—0O-based oxide
semiconductor containing In,0,, Ga,0,, and ZnO at 1:1:2
[molar ratio]) is used, the distance between the substrate and
the target is 170 mm, the substrate temperature is 400° C., the
pressureis 0.4 Pa, and the direct current (DC) power source is
0.5kW.

Then, second heat treatment is performed with a chamber
where the substrate is placed is set under an atmosphere of
nitrogen or dry air. The second heat treatment is performed at
a temperature of higher than or equal to 400° C. and lower
than or equal to 750° C. Through the second heat treatment, a
second crystalline oxide semiconductor layer 1606 is formed
(see FIG. 13B). When the second heat treatment is performed
under a nitrogen atmosphere, an oxygen atmosphere, or a
mixed atmosphere of nitrogen and oxygen, high density and
a reduction in the number of defects are achieved in the
second crystalline oxide semiconductor layer. By the second
heat treatment, the second crystalline oxide semiconductor
layer 1606 is formed in the thickness direction of the second
oxide semiconductor film, in which crystal growth proceeds
from the bottom to the inside, using the first crystalline oxide
semiconductor layer 1604 as a nucleus.

Further, it is preferable to successively perform the step of
forming the insulating layer 1602 to the step of performing
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the second heat treatment without exposure to the air.
Through the step of forming the insulating layer 1602 to the
step of performing second heat treatment, the atmosphere is
preferably controlled to be an atmosphere which hardly con-
tains hydrogen and moisture (e.g., an inert atmosphere, a
reduced-pressure atmosphere, or a dry-air atmosphere); for
example, adry-nitrogen atmosphere is employed in which, as
for the moisture, adew point is lower than or equal to —-40° C.,
preferably lower than or equal to =50° C.

Next, a stacked layer of the first crystalline oxide semicon-
ductor layer 1604 and the second crystalline oxide semicon-
ductor layer 1606 is processed into an oxide semiconductor
layer 1608 formed from an island-shaped oxide semiconduc-
tor layer (see F1G. 13C). In FIG. 13C, an interface between
the first crystalline oxide semiconductor layer 1604 and the
second crystalline oxide semiconductor layer 1606 is illus-
trated by a dotted line. Although the oxide semiconductors are
stacked in the above description, there is no clear interface
therebetween and the dotted line is illustrated just for simple
understanding.

The stacked layer of the oxide semiconductor layers can be
processed by etching after a mask having a desired shape is
formed over the stacked layer of the oxide semiconductor
layers. The mask can be formed by a method such as photo-
lithography. Alternatively, the mask may be formed by a
method such as an ink jet method.

For the etching of the stacked layer of the oxide semicon-
ductor layers, either wet etching or dry etching may be
employed. It is needless to say that both of them may be
employed in combination.

One of the characteristics of the above manufacturing
method is that the obtained first crystalline oxide semicon-
ductor layer and the second crystalline oxide semiconductor
layer are c-axis aligned. The first crystalline oxide semicon-
ductor layer and the second crystalline oxide semiconductor
layer comprise an oxide including a crystal with c-axis align-
ment (also referred to as C-Axis Aligned Crystal (CAAC)),
which has neither a single crystal structure nor an amorphous
structure. Note that there are crystal grain boundaries in parts
of the first crystalline oxide semiconductor layer and the
second crystalline oxide semiconductor layer.

Note that the first crystalline oxide semiconductor layer
and the second crystalline oxide semiconductor layer are
formed using an oxide material at least including Zn, and the
following materials can be given: four-component metal
oxides such as an In—Al—Ga—Zn—O-based material, and
an In—Sn—Ga—7Zn—O-based material; three-component
metal oxides such as an In—Ga—Zn—O0-based material, an
In—Al—7n—0-based material, an In—Sn—7n—0-based
material, an In—B—Zn—0-based material, a Sn—Ga—
7n—~0-based material, an Al—Ga—7n—0-based material,
a Sn—Al—7n—O0-based material, and a Hf—In—7n—0O-
based material, two-component metal oxides such as an
In—7n—0-based material, a Sn—Z7n—O-based material, an
Al—7n—O0-based material, and a Zn—Mg—O-based mate-
rial; a Zn—O-based material; and the like. Further, an
In—Si—Ga—Zn—0-based material, an In—Ga—B—7Zn—
O-based material, and an In—B—Z7n—0-based material can
be given. In addition, the above materials may contain SiO,.
Here, for example, an In—Ga—Z7n—0O-based material
means an oxide film containing indium (In), gallium (Ga),
and zinc (Zn), and there is no particular limitation on the
composition ratio. Further, the In—Ga—7n—0-based mate-
rial may contain an element other than In, Ga, and Zn.

The oxide semiconductor layer is not limited to the two-
layer structure in which the second crystalline oxide semi-
conductor layer over the first crystalline oxide semiconductor
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layer, and a stacked-layer structure of three or more layers
may be employed in which, after the second crystalline oxide
semiconductor layer is formed, film formation treatment and
heat treatment for forming a third crystalline oxide semicon-
ductor layer are repeated.

The oxide semiconductor layer 1608 which is formed from
the stacked layer of the oxide semiconductor layers formed by
the manufacturing method described above can be used as
appropriate for the transistor (e.g., the transistors described in
Embodiment 2 and Embodiment 3) which can be applied to
the semiconductor device disclosed in this specification.

Further, in the transistor of FIG. 11D of Embodiment 3, in
which a stacked layer of the first crystalline oxide semicon-
ductor layer and the second crystalline oxide semiconductor
layer is used as the oxide semiconductor layer of this embodi-
ment, an electric field is not applied from one surface of the
oxide semiconductor layer to the other surface thereof. Note
that in the transistor, current does not flow in the thickness
direction of the oxide semiconductor layer (a direction in
which a current flows from one surface to the other surface,
specifically, an up and down direction in FIG. 11D). In the
transistor, a current mainly flows through an interface
between the stacked layer of the oxide semiconductor layers;
therefore, deterioration of transistor characteristics are sup-
pressed or reduced even when the transistor is irradiated with
light and a BT stress is applied to the transistor.

When the stacked layer of the first crystalline oxide semi-
conductor layer and the second crystalline oxide semiconduc-
tor layer, which is likes the oxide semiconductor layer 1608,
is used for the transistor, a highly reliable transistor with
stable electric characteristics can be realized.

This embodiment can be implemented in appropriate com-
bination with the structures described in the other embodi-
ments.

[Embodiment 5]

A liquid crystal display device including a control circuit
disclosed in this specification can be applied to a variety of
electronic devices (including a game machine). Examples of
electronic devices include a television set (also referred to as
atelevision or a television receiver), a monitor of a computer
or the like, a camera such as a digital camera or a digital video
camera, a digital photo frame, a mobile phone handset (also
referred to as a mobile phone or a mobile phone device), a
portable game machine, a portable information terminal, an
audio reproducing device, a large-sized game machine such
as a pachinko machine, and the like. Examples of electronic
devices each including the liquid crystal display device
described in the above embodiment are described.

FIG. 14A illustrates an example of an e-book reader. The
e-book reader illustrated in FIG. 14A includes two housings,
ahousing 1700 and a housing 1701. The housing 1700 and the
housing 1701 are combined with a hinge 1704 so that the
e-book reader can be opened and closed. With such a struc-
ture, the e-book reader can operate like a paper book.

A display portion 1702 and a display portion 1703 are
incorporated in the housing 1700 and the housing 1701,
respectively. The display portion 1702 and the display portion
1703 may be configured to display one image or different
images. In the case where the display portion 1702 and the
display portion 1703 display different images, the display
portion on the right side (the display portion 1702 in FIG.
14A) can display text and the display portion on the left side
(the display portion 1703 in F1G. 14A) can display graphics,
for example.

FIG. 14A shows an example of the case where the housing
1700 is provided with an operation portion and the like. For
example, the housing 1700 is provided with a power supply
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input terminal 1705, operation keys 1706, a speaker 1707,
and the like. With the operation key 1706, pages can be
turned. Note that a keyboard, a pointing device, or the like
may be provided on the surface of the housing, on which the
display portion is provided. Further, an external connection
terminal (an earphone terminal, a USB terminal, a terminal
that can be connected to various cables such as a USB cable,
or thelike), arecording medium insert portion, or the like may
be provided on the back surface or the side surface of the
housing. Furthermore, the e-book reader illustrated in FIG.
14A may serve as an electronic dictionary.

FIG. 14B shows an example of a digital photo frame using
a liquid crystal display device including a control circuit
disclosed in this specification. For example, in the digital
photo frame illustrated in FIG. 14B, a display portion 1712 is
incorporated in a housing 1711. The display portion 1712 can
display various images. For example, the display portion
1712 can display data of an image taken with a digital camera
or the like and thus function as a normal photo frame.

Note that the digital photo frame illustrated in FIG. 14B is
provided with an operation portion, an external connection
terminal (a USB terminal, a terminal that can be connected to
various cables such as a USB cable, or the like), a recording
medium insertion portion, and the like. Although these com-
ponents may be provided on the surface on which the display
portion is provided, it is preferable to provide them on the side
surface or the back surface for the design of the digital photo
frame. For example, a memory storing data of an image taken
by a digital camera is inserted into the recording medium
insertion portion of the digital photo frame, whereby the
image data can be transferred and then displayed on the
display portion 1712.

FIG. 14C shows an example of a television set using a
liquid crystal display device including a control circuit. In the
television setillustrated in FIG. 14C, adisplay portion 1722 is
incorporated in a housing 1721. The display portion 1722 can
display an image. Further, the housing 1721 is supported by a
stand 1723 here. The liquid crystal display device including a
control circuit described in any of the above embodiments can
be used in the display portion 1722.

The television set illustrated in FIG. 14C can operate with
an operation switch of the housing 1721 or a separate remote
control device. Channels and volume can be controlled with
an operation key of the remote controller so that an image
displayed on the display portion 1722 can be controlled.
Further, the remote controller may be provided with a display
portion for displaying data output from the remote controller.

FIG. 14D shows an example of a mobile phone handset
using a liquid crystal display device including a control cir-
cuitdisclosed in this specification. The mobile phone handset
illustrated in FIG. 14D is provided with a display portion
1732 incorporated in a housing 1731, an operation button
1733, an operation button 1737, an external connection port
1734, a speaker 1735, a microphone 1736, and the like.

The display portion 1732 of the mobile phone handset
illustrated in FIG. 14D is a touch panel. When the display
portion 1732 is touched with a finger or the like, contents
displayed on the display portion 1732 can be controlled.
Further, operations such as making calls and composing
mails can be performed by touching the display portion 1732
with a finger or the like.

This embodiment can be implemented in appropriate com-
bination with the structures described in the other embodi-
ments.
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This application is based on Japanese Patent Application
serial No. 2010-181539 filed with the Japan Patent Office on
Aug. 16,2010, the entire contents of which are hereby incor-
porated by reference.

What is claimed is:

1. A control circuit of a liquid crystal display device com-
prising:

adisplay control circuit configured to control a liquid crys-

tal display panel, the liquid crystal display panel config-
ured to display a moving image in a first period and a still
image in a second period; and

apower supply circuit electrically connected to the display

control circuit, the power supply circuit comprising an

operational amplifier comprising:

a differential amplifier circuit;

a current amplifier circuit electrically connected to the
differential amplifier circuit; and

a source follower circuit electrically connected to the
current amplifier circuit,

wherein the current amplifier circuit comprises a first tran-

sistor and a second transistor,

wherein the first transistor is turned on and the second

transistor is turned off during the first period,
wherein the first transistor is turned off and the second
transistor is turned on during the second period,

wherein a current supply capability of the operational
amplifier is changeable depending on an amount of cur-
rent flowing through the current amplifier circuit in the
first period and an amount of current flowing through the
current amplifier circuit in the second period, and

wherein the amount of current flowing through the current
amplifier circuit in the first period is different from the
amount of current flowing through the current amplifier
circuit in the second period.

2. The control circuit of the liquid crystal display device
according to claim 1,

wherein the liquid crystal display panel comprises a liquid

crystal element including a pixel electrode and a counter
electrode,

wherein the operational amplifier is configured to control a

potential of the counter electrode.

3. The control circuit of the liquid crystal display device
according to claim 2 further comprising a gate driver and a
source driver electrically connected to the display control
circuit,

wherein the gate driver and the source driver are configured

to control a potential of the pixel electrode.

4. The control circuit of the liquid crystal display device
according to claim 1, wherein the display control circuit
comprises a memory circuit, a comparison circuit, a control
signal output circuit, and a selection circuit.

5. The control circuit of the liquid crystal display device
according to claim 1,

wherein the liquid crystal display panel comprises a liquid

crystal element and a transistor, and

wherein a semiconductor film of the transistor is an oxide

semiconductor.

6. An electronic device provided with the liquid crystal
display device according to claim 1.

7. A control circuit of a liquid crystal display device com-
prising:

adisplay control circuit configured to control a liquid crys-

tal display panel, the liquid crystal display panel config-
ured to display a moving image ina first period and a still
image in a second period; and
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apower supply circuit electrically connected to the display

control circuit, the power supply circuit comprising an

operational amplifier comprising:

a differential amplifier circuit;

a current amplifier circuit electrically connected to the
differential amplifier circuit, the current amplifier cir-
cuit comprising:

a first current source circuit; and
a second current source circuit; and

a source follower circuit electrically connected to the
current amplifier circuit,

wherein the current amplifier circuit comprises a first tran-

sistor and a second transistor,

wherein the first transistor is turned on and the second

transistor is turned off during the first period,

wherein the first transistor is turned off and the second

transistor is turned on during the second period,

wherein a current supply capability of the operational
amplifier is changeable depending on an amount of cur-
rent flowing through the first current source circuit in the
first period and an amount of current flowing through the
second current source circuit in the second period, and

wherein the amount of current flowing through the first
current source circuit in the first period is different from
the amount of current flowing through the second cur-
rent source circuit in the second period.

8. The control circuit of the liquid crystal display device
according to claim 7, further comprising a control circuit
electrically connected to the first current source circuit and
the second current source circuit,

wherein the control circuit is configured to operate the first

current source circuit in the first period and the second

current source circuit in the second period.

9. The control circuit of the liquid crystal display device
according to claim 7,

wherein the liquid crystal display panel comprises a liquid

crystal element including a pixel electrode and a counter

electrode,

wherein the operational amplifier is configured to control a

potential of the counter electrode.

10. The control circuit of the liquid crystal display device
according to claim 9 further comprising a gate driver and a
source driver electrically connected to the display control
circuit,

wherein the gate driver and the source driver are configured

to control a potential of the pixel electrode.

11. The control circuit of the liquid crystal display device
according to claim 7, wherein the display control circuit
comprises a memory circuit, a comparison circuit, a control
signal output circuit, and a selection circuit.

12. The control circuit of the liquid crystal display device
according to claim 7,

wherein the liquid crystal display panel comprises a liquid

crystal element and a transistor, and

wherein a semiconductor film of the transistor is an oxide

semiconductor.

13. An electronic device provided with the liquid crystal
display device according to claim 7.

14. A control circuit of a liquid crystal display device
comprising:

adisplay control circuit configured to control a liquid crys-

tal display panel, the liquid crystal display panel config-

ured to display a moving image in a first period and a still
image in a second period; and

apower supply circuit electrically connected to the display

control circuit, the power supply circuit comprising an

operational amplifier comprising;
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a differential amplifier circuit;
a first transistor;
a second transistor;
a third transistor;
a fourth transistor; and
a fifth transistor,
wherein a gate of the first transistor is electrically con-
nected to an output terminal of the differential amplifier
circuit,
wherein one of a source and a drain of the first transistor is
directly connected to a high power supply voltage side
terminal,
wherein the other of the source and the drain of the first
transistor is electrically connected to one of a source and
a drain of the second transistor and one of a source and
a drain of the third transistor,

wherein the other of the source and the drain of the first
transistor is directly connected to a gate of the fourth
transistor,

wherein the other of the source and the drain of the second

transistor and the other of the source and the drain of the
third transistor are directly connected to a low power
supply voltage side terminal,

wherein one of a source and a drain of the fourth transistor

is directly connected to the high power supply voltage
side terminal,

wherein the other of the source and the drain of the fourth

transistor is directly connected to one of a source and a
drain of the fifth transistor,

wherein the other of the source and the drain of the fifth

transistor is directly connected to the low power supply
voltage side terminal,

wherein a current supply capability of the operational

amplifier is changeable depending on an amount of cur-
rent flowing through the second transistor in the first
period and an amount of current flowing through the
third transistor in the second period, and

wherein the amount of current flowing through the second

transistor in the first period is different from the amount
of current flowing through the third transistor in the
second period.

15. The control circuit of the liquid crystal display device
according to claim 14, further comprising a control circuit
electrically connected to a gate of the second transistor and a
gate of the third transistor.

16. The control circuit of the liquid crystal display device
according to claim 14,

wherein the liquid crystal display panel comprises a liquid

crystal element including a pixel electrode and a counter
electrode,

wherein the operational amplifier is configured to control a

potential of the counter electrode.

17. The control circuit of the liquid crystal display device
according to claim 16, further comprising a gate driver and a
source driver electrically connected to the display control
circuit,

wherein the gate driver and the source driver are configured

to control a potential of the pixel electrode.

18. The control circuit of the liquid crystal display device
according to claim 14, wherein the display control circuit
comprises a memory circuit, a comparison circuit, a control
signal output circuit, and a selection circuit.

19. The control circuit of the liquid crystal display device
according to claim 14,

wherein the liquid crystal display panel comprises a liquid

crystal element and a transistor, and
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wherein a semiconductor film of the transistor is an oxide

semiconductor.

20. An electronic device provided with the liquid crystal
display device according to claim 14.

21. A liquid crystal display device comprising:

aliquid crystal display panel configured to display a mov-

ing image in a first period and a still image in a second
period,

a display control circuit configured to control the liquid

crystal display panel; and

apower supply circuit electrically connected to the display

control circuit, the power supply circuit comprising an

operational amplifier comprising:

a differential amplifier circuit;

a current amplifier circuit electrically connected to the
differential amplifier circuit; and

a source follower circuit electrically connected to the
current amplifier circuit,

wherein the current amplifier circuit comprises a first tran-

sistor and a second transistor,

wherein the first transistor is turned on and the second

transistor is turned off during the first period,
wherein the first transistor is turned off and the second
transistor is turned on during the second period,

wherein a current supply capability of the operational
amplifier is changeable depending on an amount of cur-
rent flowing through the current amplifier circuit in the
first period and an amount of current flowing through the
current amplifier circuit in the second period, and

wherein the amount of current flowing through the current
amplifier circuit in the first period is different from the
amount of current flowing through the current amplifier
circuit in the second period.

22.The liquid crystal display device according to claim 21,

wherein the liquid crystal display panel comprises a liquid

crystal element including a pixel electrode and a counter
electrode,

wherein the operational amplifier is configured to control a

potential of the counter electrode.

23. The liquid crystal display device according to claim 22
further comprising a gate driver and a source driver electri-
cally connected to the display control circuit,

wherein the gate driver and the source driver are configured

to control a potential of the pixel electrode.

24. The liquid crystal display device according to claim 21,
wherein the display control circuit comprises a memory cir-
cuit, a comparison circuit, a control signal output circuit, and
a selection circuit.

25. The liquid crystal display device according to claim 21,

wherein the liquid crystal display panel comprises a liquid

crystal element and a transistor, and

wherein a semiconductor film of the transistor is an oxide

semiconductor.

26. An electronic device provided with the liquid crystal
display device according to claim 21.

27. The control circuit of the liquid crystal display device
according to claim 1, wherein a channel width of the first
transistor and a channel width of the second transistor are
different from each other.

28. The control circuit of the liquid crystal display device
according to claim 7, wherein a channel width of the first
transistor and a channel width of the second transistor are
different from each other.

29. The control circuit of the liquid crystal display device
according to claim 14, wherein a channel width ofthe second
transistor and a channel width of the third transistor are dif-
ferent from each other.
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30. The liquid crystal display device according to claim 21,
wherein a channel width of the first transistor and a channel
width of the second transistor are different from each other.
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