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LIQUID CRYSTAL DISPLAY DEVICE AND
ELECTRONIC APPLIANCE

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device, a method for driving a liquid crystal display
device, or an electronic appliance including the liquid crystal
display device.

BACKGROUND ART

[0002] Liquid crystal display devices are widely used in
large displays such as television sets and small displays such
as cell phones. Higher value-added devices will now be
required and their development is moving forward. In recent
years, attention is attracted to the development of low power
consumption liquid crystal display devices, in terms of the
increase in interest in global environment and improvement
in convenience of mobile devices.

[0003] Non-Patent Document 1 discloses a structure in
which the refresh rate needed to display a moving image is
differentiated from the refresh rate needed to display a still
image in order to reduce the power consumption of a liquid
crystal display device.

REFERENCE
Non-Patent Document

[0004] Non-Patent Document 1: Kazuhiko Tsuda et al.,
IDW’02, pp. 295-298

DISCLOSURE OF INVENTION

[0005] According to Non-Patent Document 1, low power
consumption can be achieved by reducing the refresh rate
needed to display a still image. There however is room for
improvement in the display quality of a moving image and
still image.

[0006] Inview of this, an object of one embodiment of the
present invention is to provide a liquid crystal display device
that achieves low power consumption and an improved dis-
play quality of a moving image and still image.

[0007] According to one embodiment of the present inven-
tion, a liquid crystal display device includes: a display panel
provided with a plurality of pixels each including a sub-pixel
with a red color filter, a sub-pixel with a green color filter, a
sub-pixel with a blue color filter, and a sub-pixel for control-
ling a transmission of white light; a backlight area including
light sources of red, green, blue, and white; an image switch
circuit that switches the display panel between a moving
image mode and a still image mode; and a display control
circuit that controls in the moving image mode a luminance of
the light sources of red, green, and blue included in the back-
light area in accordance with an image signal, and controls in
the still image mode a luminance of a light source of white
included in the backlight area in accordance with the image
signal.

[0008] According to one embodiment of the present inven-
tion, a liquid crystal display device includes: a display panel
provided with a plurality of pixels each including a sub-pixel
with a red color filter, a sub-pixel with a green color filter, a
sub-pixel with a blue color filter, and a sub-pixel for control-
ling a transmission of white light; a backlight area including
light sources of red, green, blue, and white; an image switch
circuit that switches the display panel between a moving
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image mode and a still image mode; and a display control
circuit, the display control circuit including: an image signal
converter circuit used to convert a first image signal into a
second image signal to be supplied to the sub-pixels; a mov-
ing-image display control circuit that controls in the moving
image mode the display panel and a luminance of the light
sources of red, green, and blue included in the backlight area
in accordance with the second image signal; and a still image
display control circuit that controls in the still image mode the
display panel and a luminance of the light sources of white in
accordance with the second image signal.

[0009] According to one embodiment of the present inven-
tion, a liquid crystal display device includes: a display panel
provided with a plurality of pixels each including a sub-pixel
with a red color filter, a sub-pixel with a green color filter, a
sub-pixel with a blue color filter, and a sub-pixel for control-
ling a transmission of white light; a backlight area including
light sources of red, green, blue, and white; an image switch
circuit that switches the display panel between a moving
image mode and a still image mode; and a display control
circuit, the display control circuit including: an image signal
converter circuit used to convert a first image signal into a
second image signal to be supplied to the sub-pixels; a mov-
ing image timing signal generator circuit that controls the
display panel so that the display panel can display an image
based on the second image signal in the moving image mode
by using a plurality of write periods; a moving-image back-
light control circuit that controls in the moving image mode a
luminance of the light sources of red, green, and blue included
in the backlight area in accordance with the second image
signal; a still image timing signal generator circuit that con-
trols the display panel so that the display panel can display an
image based on the second image signal in the still image
mode by using a plurality of write periods and holding peri-
ods; and a still image back light control circuit that controls in
the still image mode a luminance of the light sources of white
included in the backlight area in accordance with the second
image signal.

[0010] According to one embodiment of the present inven-
tion, a liquid crystal display device includes: a display panel
provided with a plurality of pixels each including a sub-pixel
with a red color filter, a sub-pixel with a green color filter, a
sub-pixel with a blue color filter, a sub-pixel with a yellow
color filter, and a sub-pixel for controlling a transmission of
white light; a backlight area including light sources of red,
green, blue, and yellow; an image switch circuit that switches
the display panel between a moving image mode and a still
image mode; and a display control circuit, the display control
circuit including: an image signal converter circuit used to
convert a first image signal into a second image signal to be
supplied to the sub-pixels; a moving image timing signal
generator circuit that controls the display panel so that the
display panel can display an image based on the second image
signal in the moving image mode by using a plurality of write
periods; a moving-image backlight control circuit that con-
trols in the moving image mode a luminance of the light
sources of red, green, and blue included in the backlight area
in accordance with the second image signal; a still image
timing signal generator circuit that controls the display panel
so that the display panel can display an image based on the
second image signal in the still image mode by using a plu-
rality of write periods and holding periods; and a still image
back light control circuit that controls in the still image mode
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a luminance of the light sources of blue and yellow included
in the backlight area in accordance with the second image
signal.

[0011] According to one embodiment of the present inven-
tion, the holding period may last for one minute or more.
[0012] According to one embodiment of the present inven-
tion, the sub-pixels may each include a transistor having an
oxide semiconductor layer.

[0013] According to one embodiment of the present inven-
tion, the light sources in the backlight area may be light-
emitting diodes.

[0014] According to one embodiment of the present inven-
tion, it is possible to achieve low power consumption and an
improved display quality of a moving image and still image.

BRIEF DESCRIPTION OF DRAWINGS

[0015] FIGS. 1A and 1B are schematic diagrams showing
one embodiment of the present invention, and FIG. 1C is a
block diagram showing one embodiment of the present inven-
tion.

[0016] FIG. 2 isablock diagram showing one embodiment
of the present invention.

[0017] FIG. 3 is a block diagram showing one embodiment
of the present invention.

[0018] FIG. 4 is a block diagram showing one embodiment
of the present invention.

[0019] FIGS. 5A and 5B are timing diagrams showing one
embodiment of the present invention.

[0020] FIGS. 6A and 6B are timing diagrams showing one
embodiment of the present invention.

[0021] FIGS. 7A to 7C are schematic diagrams used to
describe one embodiment of the present invention.

[0022] FIGS. 8A to 8C are schematic diagrams used to
describe one embodiment of the present invention.

[0023] FIGS. 9A and 9B are schematic diagrams used to
describe one embodiment of the present invention.

[0024] FIG. 10 is a circuit diagram used to describe one
embodiment of the present invention.

[0025] FIG.11Aisatop view used to describe one embodi-
ment of the present invention, and FIG. 11B is a cross-sec-
tional view used to describe one embodiment of the present
invention.

[0026] FIGS.12A to 12D are cross-sectional views used to
describe one embodiment of the present invention.

[0027] FIGS. 13A to 13E are cross-sectional views used to
describe one embodiment of the present invention.

[0028] FIGS. 14A to 14D are diagrams used to describe
electronic appliances according to one embodiment of the
present invention.

[0029] FIGS. 15A and 15B are diagrams used to describe
an electronic book device according to one embodiment of
the present invention.

[0030] FIG. 16 is a circuit diagram used to describe
Example 1.
[0031] FIG. 17 is a timing diagram used to describe

Example 1.
[0032] FIG. 18 is a relationship diagram used to describe
Example 1.
[0033] FIG. 19 is a relationship diagram used to describe
Example 1.
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[0034] FIG. 20 is a relationship diagram used to describe
Example 1.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0035] Embodiments and an example of the present inven-
tion will be hereinafter described with reference to the accom-
panying drawings. Note that the present invention can be
carried out in many different modes and it will be readily
appreciated by those skilled in the art that modes and details
of the present invention can be modified in various ways
without departing from the spirit and scope of the present
invention. Therefore, the present invention should not be
interpreted as being limited to the description of the embodi-
ments and example below. Note that, in the structure of the
present invention described below, identical objects in all the
drawings are denoted by the same reference numeral.
[0036] Note that the size, the thickness of a layer, the signal
waveform, or the region of each structure shown in drawings
or the like of the embodiments and example is exaggerated for
simplicity in some cases. Therefore, the embodiments and
example are not limited to such scales.

[0037] Note that terms such as first, second, third to Nth (N
is a natural number) employed in this specification are used to
avoid confusion between components and do not set a limi-
tation on number.

Embodiment 1

[0038] A liquid crystal display device of Embodiment 1
that displays an image in a still image mode and a moving
image mode will be described below. Note that the still-image
mode refers to an operation in which the liquid crystal display
device displays a still image on the basis of an image signal
input to the liquid crystal display device, and a moving-image
mode refers to an operation in which the liquid crystal display
device displays a moving image on the basis of an image
signal input to the liquid crystal display device.

[0039] Note that a moving image is an image that is pro-
duced by sequentially displaying at high speed a plurality of
images assigned to a plurality of frames on the time series,
and thus is recognized by human eyes as a motion image.
Specifically, an image produced by sequentially displaying
images at least 60 times per second (60 frames) can be rec-
ognized by human eyes as a motion image with less flicker. A
still image, unlike a moving image, refers to an image based
on an image signal that remains unchanged, for example,
from an n-th frame to a (n+1)-th frame that belong to a
plurality of successive frame periods during which a plurality
of'images assigned thereto on the time series are sequentially
displayed at high speed. Alternatively, a still image refers to a
non-moving image such as a photograph or text.

[0040] FIG. 1A is a schematic diagram showing part of the
internal structure of the liquid crystal display device. The
liquid crystal display device shown in FIG. 1A includes a
backlight area 101; a display panel 102 in which liquid crystal
elements are arranged in a matrix; and a polarizer plate 103
and a polarizer plate 104 between which the display panel 102
is sandwiched. In the backlight area 101, light sources of four
colors: red, green, blue, and white (hereinafter referred to as
light sources 105R, 105G; 105B, and 105W) are arranged in
a matrix; specifically, light-emitting diodes (LEDs) of the
four colors: red, green, blue, and white are arranged in a
matrix. In addition, a diffuser plate 106 is placed between the
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display panel 102 and the backlight area 101 in order to bring
evenness of light emitted by the backlight area 101.

[0041] The luminance of the light sources of four colors in
the backlight area 101 is changed when the liquid crystal
display device is switched between the still image mode and
the moving image mode. Note that the schematic diagram of
FIG. 1A shows a scene where light emitted by the backlight
area 101 passes through liquid crystal elements in the display
panel 102 and is seen by an observer. Note that although in
Embodiment 1 the light sources in the backlight are supposed
to be light-emitting diodes, they may be another type of light
sources as long as the other type of light sources produce light
of desired colors. Note that a three-band white light-emitting
diode, which is a combination of a light-emitting diode and a
fluorescent material, may be used as a light-emitting diode
used as a light source of white.

[0042] The display panel 102 shown in FIG. 1A includes a
pixel area 107, a scan line driver circuit 108 (also referred to
as a gate line driver circuit), and a signal line driver circuit 109
(also referred to as a data line driver circuit). Note that the
scan line driver circuit 108 and/or the signal line driver circuit
109 may be formed outside the display panel 102. The pixel
area 107 in the display panel 102 includes a plurality of pixels.
FIG. 1A shows a pixel 110 that is one of the plurality of pixels.
The pixel 110 includes a plurality of sub-pixels 111 used to
display a color image.

[0043] Thebacklight area 101 and the display panel 102 are
electrically connected to each other by an external substrate
113 provided with a display switch circuit, a display control
circuit, and the like, and flexible printed circuits (FPCs) 112
serving as external input terminals.

[0044] FIG. 1B is an enlarged view of the structure of the
pixel 110 shown in FIG. 1A. The pixel 110 includes sub-
pixels 111R, 111G, 111B, and 111W used to express four
colors: red, green, blue, and white. The sub-pixel 111R
includes a light-transmitting area 114R provided with a color
filter, and a circuit area 115 including a circuit for selecting
the sub-pixel 111R. The sub-pixel 111G includes a light-
transmitting area 114G provided with a color filter, and a
circuit area 115 including a circuit for selecting the sub-pixel
111G. The sub-pixel 111B includes a light-transmitting area
114B provided with a color filter, and a circuit area 115
including a circuit for selecting the sub-pixel 111B. The sub-
pixel 111W includes a light-transmitting area 114W without
a color filter, and a circuit area 115 including a circuit for
selecting the sub-pixel 111W. In the pixel 110, light transmit-
tance of the sub-pixels 111R, 111G, 111B, and 111W can be
individually controlled, allowing a moving image and a still
image to be displayed in color by the plurality of pixels 110.
[0045] Note that the sub-pixel 111W is formed, unlike the
sub-pixels 111R, 111G; and 111B, in order to control trans-
mittance of white light from the backlight area 101. For this
reason, the light-transmitting area 114W is not necessarily
provided with a color filter. Therefore, in the structure where
a white color is produced by light being emitted by the back-
light area 101 and passing through the light-transmitting area
114W, a white color used to display a color image can be
produced without influence of light attenuation caused when
light passes through a color filter. In contrast, in the structure
where a white color is produced by an additive process of red
(R), green (G), and blue (B), a color filter is provided to all the
light-transmitting areas of red (R), green (G), and blue (B),
which causes light attenuation. Thus, in the structure where a
pixel has a sub-pixel that enables a white color to be produced

Nov. 3, 2011

by light passing through the light-transmitting area 114W
without a color filter, the luminance of the backlight area can
be reduced when a white color is expressed because it is not
affected by light attenuation due to a color filter, thereby
achieving the low power consumption of the liquid crystal
display device.

[0046] FIG.1Cis ablock diagram showing a liquid crystal
display device. The liquid crystal display device 120 shown in
FIG. 1C includes a display switch circuit 121, a display con-
trol circuit 122, a backlight area 123, and a display panel 124.
[0047] Thedisplay switch circuit 121 is a circuit for switch-
ing the liquid crystal display device between a mode in which
the display panel 124 displays a moving image (the moving
image mode) and a mode in which the display panel 124
displays a still image (the still image mode), in displaying an
image based on an image signal from an image signal source
125 (also referred to as a first image signal). For example, the
display switch circuit 121 may judge whether an image to be
displayed is a moving image or a still image by comparing
images in successive frames, and switch the liquid crystal
display device between the moving image mode and the still
image mode. Alternatively, the display switch circuit 121 may
switch the liquid crystal display device between the still
image mode and the moving image mode in accordance with
the type of an image signal input thereto. For example, the
display switch circuit 121 may switch the liquid crystal dis-
play device between the still image mode and the moving
image mode with reference to the file format of electronic
data which is the source of an image signal in the image signal
source 125. Alternatively, the display switch circuit 121 may
switch the liquid crystal display device between the still
image mode and the moving image mode in accordance with
a switch signal from other than the display switch circuit 121.
For example, the display switch circuit 121 may switch the
liquid crystal display device between the still image mode and
the moving image mode by using a switching switch.

[0048] Note that an image signal from the image signal
source 125 is preferably a digital image signal. When it is an
analog image signal, an A/D converter is formed between the
image signal source 125 and the display switch circuit 121
and the A/D converter converts the image signal from analog
to digital.

[0049] The display control circuit 122 is a circuit for out-
putting a signal for controlling the backlight area 123 and the
display panel 124 in accordance with the image mode
switched by the display switch circuit 121 between the mov-
ing image mode and the still image mode. Specifically, the
display control circuit 122 is a circuit for controlling, in
accordance with the moving image mode or the still image
mode, the supply of a signal for controlling the luminance of
the light sources in the backlight area 123, the supply of an
image signal for displaying an image on the display panel
124, and the supply of a signal (a clock signal, a start pulse, or
the like) for operating driver circuits.

[0050] The backlight area 123 includes a circuit for con-
trolling backlight, and the light sources of red (R), green (G),
blue (B), and white (W). The luminance of the light sources of
red (R), green (G), blue (B), and white (W) in the backlight
area 123 is individually controlled by the display control
circuit 122.

[0051] Thedisplay panel 124 includes a driver circuit and a
plurality of pixels. Each pixel includes sub-pixels used to
express four colors: red, green, blue, and white. Each sub-
pixel includes a transistor serving as a circuit for selecting the



US 2011/0267381 Al

sub-pixel; a pixel electrode connected to the transistor; and a
capacitor. Note that a liquid crystal element is formed by
interposing a liquid crystal layer between the pixel electrode
and an electrode pairing with this pixel electrode. Note that a
transistor formed in the sub-pixel preferably has an extremely
low leakage current and has an oxide semiconductor layer. An
oxide semiconductor in which carriers are reduced to an
extreme extent enables the off-state current to be low. Con-
sequently, in the pixel, a holding time of an electric signal
such as an image signal can be made longer and the interval of
a write period can be set longer.

[0052] FIG. 2 shows a block diagram of the liquid crystal
display device as a specific example of the block diagram of
FIG. 1C. FIG. 2 shows, as a specific example of the structure
of the display switch circuit 121, a structure in which the
liquid crystal display device is switched between the moving
image mode and the still image mode by an external switch
unit. In addition, FIG. 2 shows the configuration of the back-
light area 123 and the display panel 124 shown in FIG. 1C in
a more specific manner.

[0053] The liquid crystal display device includes, as that
shown in FIG. 1C, the display switch circuit 121, the display
control circuit 122, the backlight area 123, and the display
panel 124. A signal is input to the display switch circuit 121
from an external switch unit 300. FIG. 2 shows a scene where
animage signal is input to the display switch circuit 121 from
the image signal source 125. Note that specific examples of
the external switch unit 300 are one that mechanically
switches the liquid crystal display device like a switching
switch; and one that switches the liquid crystal display device
with the help of a touch sensor, a keyboard, or the like.
[0054] The backlight area 123 shown in FIG. 2 includes a
backlight 322. The light sources ofred, green, blue, and white
(abbreviated to RGBW) are arranged in the backlight 322.
Note that although the backlight 322 in FIG. 2 is side by side
with the display panel 124, the backlight 322 overlaps with
the display panel 124 in practice.

[0055] The display panel 124 includes a pixel area 311 and
a driver circuit 312. In the pixel area 311, a plurality of
sub-pixels 313 used to express RGBW and connected to scan
lines and signal lines are arranged in a matrix. Each sub-pixel
313 includes a transistor serving as a circuit for selecting the
sub-pixel; a pixel electrode connected to the transistor; and a
capacitor. Note that a liquid crystal element is formed by
interposing a liquid crystal layer between the pixel electrode
and an electrode pairing with this pixel electrode.

[0056] An example of the liquid crystal element is an ele-
ment that controls transmission and non-transmission of light
by optical modulation action of liquid crystals. The element
can include a pair of electrodes and liquid crystals. Note that
the optical modulation action of liquid crystals is controlled
by an electric field applied to the liquid crystals.

[0057] Note that the display control circuit 122 shown in
FIG. 2 outputs a signal for controlling the light sources in the
backlight 322 in the backlight area 123; and a signal for
controlling the driver circuit 312 in the display panel 124, in
response to a signal and an image signal supplied by the
display switch circuit 121 and generated according to the
judgment whether the display panel 124 displays an image in
the moving image mode or the still image mode.

[0058] Next, the structure of the display switch circuit 121
which is different from that shown in FIG. 2 will be described
with reference to FIG. 3. The display switch circuit 121
shown in FIG. 3 judges whether an image to be displayed is a
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moving image or a still image by comparing images in suc-
cessive frames, and switch the liquid crystal display device
between the moving image mode and the still image mode.
[0059] The display switch circuit 121 shown in FIG. 3
includes a memory circuit 301, a comparator circuit 302, and
a selection circuit 303.

[0060] The operation of the display switch circuit 121
shown in FIG. 3 will be described below.

[0061] An image signal is input by the image signal source
125 to the memory circuit 301 in the display switch circuit
121. The memory circuit 301 includes a plurality of frame
memories in which image signals in a plurality of frames are
stored. The number of frame memories included in the
memory circuit 301 is not particularly limited as long as the
frame memories are elements capable of storing the image
signals in a plurality of frames. Note that the frame memory
may be a memory element such as dynamic random access
memory (DRAM) or static random access memory (SRAM).
[0062] The number of frame memories is not particularly
limited as long as the frame memories store image signals
every frame period. In addition, image signals stored in the
frame memories are selectively read by the comparator circuit
302 and the selection circuit 303.

[0063] The comparator circuit 302 selectively reads image
signals in a successive frame periods stored in the memory
circuit 301 and compares the image signals in the successive
frames pixel by pixel, thereby detecting a difference therebe-
tween.

[0064] The operation of the display control circuit 122 and
the selection circuit 303 depends on the existence of such a
difference. A comparison of image signals performed by the
comparator circuit 302 judges, when a difference is detected
from any of the pixels, successive frame periods in which this
difference exists as a moving image. In contrast, a compari-
son of image signals performed by the comparator circuit 302
judges, when no difference is detected from any of the pixels,
corresponding successive frame periods as a still image. In
other words, the comparator circuit 302 judges whether the
image signals are used to display a moving image or a still
image by detecting a difference in image signals in successive
frame periods.

[0065] A difference detected by the comparison which
exceeds a predetermined level may be judged to have been
detected. The comparator circuit 302 is set to judge whether a
difference has been detected, from the absolute value of the
difference regardless of the magnitude of the difference.
[0066] The selection circuit 303 includes a plurality of
switches, for example, a plurality of switches using transis-
tors. When a difference is detected by a difference calculation
performed by the comparator circuit 302, that is, when
images displayed in successive frame periods are a moving
image, the selection circuit 303 selects the image signals in
the frame memories included in the memory circuit 301 and
outputs the image signals to the display control circuit 122.
[0067] Note that when a difference between image signals
is not detected by a difference calculation performed by the
comparator circuit 302, that is, when images displayed in
successive frame periods are a still image, the selection circuit
303 does not output the image signals to the display control
circuit 122. Thus, when the image signals are a still image, an
operation in which the selection circuit 303 does not output
the image signals stored in the frame memories included in
the memory circuit 301 to the display control circuit 122 can
be stopped, resulting in a reduction in power consumption.
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[0068] Next, a structure of the display control circuit 122
will be described with reference to FIG. 4. FIG. 4 is a block
diagram showing an example of the display control circuit
122 for switching and outputting a signal for controlling the
backlight area 123 and the display panel 124 in accordance
with the image mode switched by the display switch circuit
121 between the moving image mode and the still image
mode. Specifically, the display control circuit 122 includes an
image signal converter circuit 710, a display control switch
circuit 711, a moving image display control circuit 712, and a
still image display control circuit 713. The moving image
display control circuit 712 includes a moving image timing
signal generator circuit 714 and a moving image backlight
control circuit 715. The still image display control circuit 713
includes a still image timing signal generator circuit 716 and
a still image backlight control circuit 717.

[0069] The image signal converter circuit 710 is used to
convert an image signal “data” by arithmetic processing to a
second image signal that corresponds to the sub-pixels 111R,
111G, 111B, and 111W used to express RGBW, in the case
where the image signal “data” from the display switch circuit
121 is a first image signal that do not correspond to the
sub-pixels 111R, 111G, 111B, and 111W used to express
RGBW, for example, in the case where the image signal
“data” is an image signal for displaying a color image con-
sisting of three colors: R (red), G (green), and B (blue). As a
specific example, the image signal converter circuit 710 gen-
erates a new white image signal dealt by the sub-pixel 111W
by subtracting a grayscale value of an image signal used to
express a white image dealt by the sub-pixel 111W from a
grayscale value of an image signal used to express a color
image consisting of three colors: R (red), G (green), and B
(blue), and converts, with the help of the sub-pixels 111R,
111G, 111B, and 111W used to express RGBW, the image
signal “data” to an image signal used to express a color image
which equals that used to express a color image consisting of
three colors: R (red), G (green), and B (blue).

[0070] The display control switch circuit 711 is used to
determine to which control circuit (the moving image display
control circuit 712 or the still image display control circuit
713) an image signal of RGBW produced by a conversion that
has been made by the image signal converter 710 is input, in
accordance with a signal that is supplied from the display
switch circuit 121 and is used to switch the liquid crystal
display device between the moving image mode and the still
image mode (such a signal is referred to as a switch signal).
Specifically, a transistor or the like is used as a switching
element.

[0071] The moving image timing signal generator circuit
714 is used to control the supply of'an image signal that allows
the display panel 124 to display an image in the moving image
mode; and the supply of a signal (a clock signal, a start pulse,
or the like) that allows the driver circuit in the display panel
124 to operate. The moving image backlight control circuit
715 is used to control the luminance of the light sources of R
(red), G (green), and B (blue) in the backlight area, in
response to an image signal that allows the display panel 124
to display an image in the moving image mode.

[0072] Thestill image timing signal generator circuit 716 is
used to control the supply of an image signal that allows the
display panel 124 to display an image with the still image
mode; and the supply of a signal (a clock signal, a start pulse,
or the like) that allows the driver circuit in the display panel
124 to operate. The still image backlight control circuit 717 is
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used to control the luminance of the light source of white (W)
in the backlight area, in response to an image signal that
allows the display panel 124 to display an image with the still
image mode.

[0073] Next, a control of the display panel 124 performed
in the moving image mode and the still image mode by the
moving image timing signal generator circuit 714 and the still
image timing signal generator circuit 716 will be described. A
period during which an image is displayed in the moving
image mode is hereinafter referred to as a moving image
display period, and a period during which an image is dis-
played with the still image mode is hereinafter referred to as
a still image display period. Note that a moving image display
period is a period in which a sequence of periods each used to
display one still image produces a moving image. Specifi-
cally, a moving image display period is a period in which the
image is changed 60 times or more per second (60 frames) to
display a moving image. In contrast, a still image display
period has a single or plurality of periods each used to display
one still image to display a still image. An image signal is
written at a uniform refresh rate in the still image display
period. Note that one frame period means a period during
which an image displayed by sequentially writing image sig-
nals to a plurality of pixels in a display panel is renewed.
[0074] A period 801 shown in FIG. 5A is one frame period
of the moving image display period. The period 801 includes
write periods (denoted by “Wr” in FIG. 5A). Note that the
moving image display period may include a holding period in
addition to the write periods but the holding period is prefer-
ably short such that flickers do not occur. In the write period,
animage signal is sequentially input to the first to n-th rows of
pixels in a display panel. In the write period, different image
signals are input to pixels in a sequence of frame periods, so
that a viewer perceives a moving image. Specifically, in Wr, a
write period in which an image signal is written included in
the moving image display period, a write speed is preferably
16.6 milliseconds or less at which flickers do not occur.
[0075] A period 802 shown in FIG. 5B is one frame period
included in the still image display period. The period 802
includes a write period (denoted by “Wr” in FIG. 5B) in
which an image signal is input to a pixel; and a holding period
(denoted by “Ho” in FIG. 5B) in which an image signal is held
in the pixel. In the write period, an image signal is sequen-
tially written to the first to n-th rows of pixels in a display
panel. The written image signal holds a voltage applied to a
liquid crystal element by turning off the transistor in the
holding period. That is to say, in the holding period, an image
signal is held by utilizing the fact that a voltage drop due to a
leakage current of the transistor is extremely small. In a
holding period of an image signal which is included in the still
image display period 802, a drop in a voltage applied to the
liquid crystal element is preferably small such that a reduc-
tion in display quality is not caused by passage of retention
time. Making a holding period of an image signal last for one
minute or more also reduces human eye fatigue. In the case
where a voltage applied to the liquid crystal element drops
because of passage of retention time, a write period in which
an image signal is written that is the same as that in the
previous period is placed again, and a holding period is thus
placed again.

[0076] Note that a transistor formed in the sub-pixel pref-
erably has an extremely low leakage current and has an oxide
semiconductor layer. An oxide semiconductor in which car-
riers are reduced to an extreme extent enables the off-state



US 2011/0267381 Al

current to be low. Consequently, in the pixel, aholding time of
an electric signal such as an image signal can be made longer
and the interval of a write period can be set longer. The
transistor may be an inverted-staggered transistor or a stag-
gered transistor. Alternatively, the transistor may be a double-
gate transistor in which a channel region is divided into a
plurality of regions and the divided channel regions are con-
nected in series. Alternatively, the transistor may be a dual-
gate transistor in which gate electrodes are provided over and
below the channel region. Alternatively, the transistor may be
a transistor capable of switching operation in which a semi-
conductor layer into a plurality of island-shaped semiconduc-
tor layers.

[0077] Next, a control of the display panel 124 exercised
with the moving image mode and the still image mode by the
moving image timing signal generator circuit 714 and the still
image timing signal generator circuit 716 will be described
with reference to a timing diagram of each signal. A timing
diagram of the period 801 and a timing diagram of the period
802 that have been described with reference to FIG. 5A are
FIG. 6A and FIG. 6B, respectively.

[0078] FIG. 6A shows, on a period 801 basis, a clock signal
GCK and start pulses GSP which are supplied to the scan line
driver circuit; and a clock signal SCK, a start pulse SSP, the
image signal “data” which are supplied to the signal line
driver circuit.

[0079] Inthe display period 801, the clock signal GCK is a
clock signal which is constantly supplied. The start pulse GSP
is a pulse made in accordance with a vertical synchronization
frequency. The clock signal SCK is a clock signal constantly
supplied. The start pulse SSP is a pulse for one gate selection
period. Note that writing of an image signal of R (red), G
(green), B (blue), and W (white) which corresponds to the
sub-pixels in each pixel is performed in the period 801. In
addition, the viewer can visually recognize a color image
thanks to light of R (red), G (green), and B (blue) from the
light sources in the backlight in addition to the writing of an
image signal. Further, the viewer is allowed to visually rec-
ognize a color moving image by the fact that a plurality of
images is sequentially displayed because of the period 801 in
which data writing is performed a plurality of times.

[0080] Next, FIG. 6B will be described. FIG. 6B illustrates
the period 802 divided into a write period 143 and a holding
period 144.

[0081] Inthe write period 143, the clock signal GCK serves
as a clock signal for writing one screen. The start pulse GSP
serves as a pulse for writing one screen. The clock signal SCK
serves as a clock signal for writing one screen. The start pulse
SSP serves as a pulse for writing one screen. In the write
period 143, the writing of an image signal of R (red), G
(green), B (blue), and W (white) which corresponds to the
sub-pixels in each pixel is performed.

[0082] In the holding period 144, supply of the clock sig-
nals GCK, the start pulse GSP, the clock signal SCK, and the
start pulse SSP is stopped in order to stop the operation of the
signal line driver circuit and the scan line driver circuit. Thus,
power consumption can be reduced in the holding period 144.
In the holding period 144, image signals that have been input
to the pixels in the write period 143 are held by the pixel
transistors with extremely low off-state current, allowing a
color still image to be held for one minute or more. Note that
during that time, the viewer is allowed to visually recognize a
color still image by light from the light sources of W (white)
in the backlight. Before the potential of the image signal held
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is reduced by a passage of a predetermined period, another
write period 143 is placed to perform the writing of an image
signal that is the same as the image signal of the previous
period (refresh operation), thereby placing the holding period
144 again.

[0083] Next, the control of the backlight area 123 exercised
by the moving image backlight control circuit 715 and the still
image backlight control circuit 717 in the moving image
mode and the still image mode will be described. In the
structure of Embodiment 1, switching the on/off of the back-
light area by switching the liquid crystal device between the
moving image mode and the still image mode further
improves the display quality of a moving image and a still
image. A specific structure and the effects thereof will be
described with reference to FIGS. 7A to 7C and FIGS. 8A to
8C.

[0084] FIG.7A shows the scene where the pixel area 830 in
the display panel is divided into a plurality of regions for
convenience. In FIG. 7A, the pixel area 830 is divided into a
region Al, aregion A2, aregion A3, aregion B1, aregion B2,
a region B3, a region C1, a region C2, and a region C3. In
addition, FIG. 7A also shows the backlight 840 used for the
pixel area 830 having, for example, the structure in which the
regions are each assigned to the light sources 105R, 105G,
105B, and 105W of R (red), G (green), B (blue), and W
(white).

[0085] FIG. 7B shows amodel image displayed on the pixel
area and the on/off of the backlight at the time in order to
describe the operation of the moving image backlight control
circuit 715 in the moving image mode.

[0086] FIG. 7B shows an image displayed on the pixel area
830 and the on/off of the backlight 840 arranged one above
the other. A display image 831 displayed on the region A1, the
region A2, the region B1, and the region B2 is shown as an
example of an image displayed on the pixel area 830.

[0087] The moving image backlight control circuit 715 is a
circuit for controlling the luminance of the backlight 840 in
accordance with an image signal (the second image signal)
that corresponds to the sub-pixels of RGBW in the moving
image mode. Specifically, in FIG. 7B, the moving image
backlight control circuit 715 turns on the light sources 105R,
105G and 105B, and turns off the light sources 105W. Note
that in FIG. 7B, the on state of the light sources in the back-
light 840 is described with solid lines and the off state is
described with dotted lines.

[0088] In FIG. 7B showing the case where an image is
displayed in the moving image mode, white light is obtained
by simultaneously turning on the light sources of R (red), G
(green), and B (blue) in the backlight. The use of the light
sources of R (red), G (green), and B (blue) in the backlight
allows an image with a desired range of color reproduction to
be displayed, improving the display quality of a moving
image.

[0089] InFIG. 7C, the display image 831 displayed on the
region A1, the region A2, the region B1, and the region B2 is
shown as an example of the image displayed on the pixel area
830, as in FIG. 7B. An example of the case where local
dimming, which is a driving method in which the luminance
of the backlight is controlled in accordance with the display
image 831, is used will be described with reference to FIG.
7C. Here, the regions displaying the display image 831 are
those on which an image with a low (or zero) luminance is
displayed, and the other regions are those on which an image
with a high luminance is displayed.
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[0090] The moving image backlight control circuit 715 is a
circuit for controlling the luminance of the backlight 840 in
accordance with an image signal (a second image signal) that
corresponds to the sub-pixels of RGBW in the moving image
mode. Specifically, the moving image backlight control cir-
cuit 715 calculates and stores a histogram of the frequency of
occurence of the grayscale value on an image signal input to
the pixel area 830 region by region, and thus calculates the
luminance of each region. Note that since the pixel repro-
duces one color with four sub-pixels with color components
of R (red), G (green), B (blue), and W (white), the moving
image backlight control circuit 715 calculates the luminance
of each region with the combination of four sub-pixels by
assigning weights to RGBW. Then, the moving image back-
light control circuit 715 outputs a signal for controlling the
luminance of backlights used for intended regions in the pixel
area 830 to the backlight area 123 in accordance with the
luminance of each region in the pixel area 830.

[0091] In an example shown in FIG. 7C, the light sources
105R, 105G and 105B are controlled to turn of backlights
used for intended regions in the pixel area 830. In addition, the
light sources 105R, 105G and 105B are controlled in order for
backlights used for regions other than those displaying the
display image 831 to emit high-luminance light.

[0092] Note that although FIG. 7C has been described on
the assumption that the luminance produced by the pixel area
comes in two levels of high luminance and low luminance, a
structure in which the luminance of the backlight is controlled
as appropriate with a plurality of levels is acceptable.

[0093] In FIG. 7C showing the case where an image is
displayed with the moving image mode, white light is
obtained by simultaneously turning on the light sources of R
(red), G (green), and B (blue) in the backlight. This allows an
image with a desired range of color reproduction to be dis-
played, improving the display quality of a moving image. In
addition, the luminance of the backlight is controlled region
by region of the pixel area, so that the contrast of a displayed
image can be improved and the display quality of a moving
image can be improved.

[0094] FIGS. 8A to 8C show a model image displayed on
the pixel area and the on/off of the backlight at the time in
order to describe the operation of the still image backlight
control circuit 717 in the still image mode. Note that FIGS.
8A to 8C will be described dividing the region of the pixel
area 830 into a plurality of regions, as FIG. 7A.

[0095] FIG. 8B shows amodel image displayed on the pixel
area and the on/off of the backlight at the time in order to
describe the operation of the still image backlight control
circuit 717 in the still image mode.

[0096] FIG. 8B shows an image displayed on the pixel area
830 and the on/off of the backlight 840 arranged one above
the other. A display image 911 displayed on the region A1 and
a display image 912 displayed on the region C3 are shown as
an example of images displayed on the pixel area 830.
[0097] The still image backlight control circuit 717 is a
circuit for controlling the luminance of the backlight 840 in
accordance with an image signal (a second image signal) that
corresponds to the sub-pixels of RGBW in the still image
mode. Specifically, in FIG. 8B, the still image backlight con-
trol circuit 717 turns off the light sources 105R, 105G, and
105B, and turns on the light sources 105W. Note that in FIG.
8B, the on state of the light sources in the backlight 840 is
described with solid lines and the off state is described with
dotted lines.
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[0098] In FIG. 8B showing the case where an image is
displayed with the still image mode, white light is obtained by
turning on the light sources of W (white) in the backlight. The
use of the white light sources rather than the use of white light
obtained by simultaneously turning on the light sources of R
(red), G (green), and B (blue) reduces the light sources to turn
on and thus achieves low power consumption.

[0099] FIG. 8C shows the display image 911 displayed on
the region Al and the display image 912 displayed on the
region C3 as an example of images displayed on the pixel area
830, as FIG. 8B. An example of the case where a driving
method in which the luminance of the backlight is controlled
in accordance with the display images 911 and 912 is used
will be described with reference to FIG. 8C. Here, the opera-
tion shown in FIG. 8C will be described on the assumption
that, as an example of an image displayed on the pixel area
830, the region A1 displays the display image 911 which is a
red image; the region C3 displays the display image 912
which is a blue image; the other regions display a display
image 913 which is a white image.

[0100] The still image backlight control circuit 717 is a
circuit for controlling the luminance of the backlight 840 in
accordance with an image signal (a second image signal) that
corresponds to the sub-pixels of RGBW in the still image
mode. Specifically, in the still image backlight control circuit
717, the red (R) light source 105R belonging to the light
sources used for the region A1, the blue (B) light source 105B
belonging to the light sources used for the region C3, and the
white (W) light source 105W belonging to the light sources
used for the other regions are made to turn on. Note that the
other light sources are turned off. Thus, in the structure of
Embodiment 1, the luminance of the light sources of R (red),
G (green), B (blue), and W (white) in the backlight can be
selectively controlled region by region of the pixel area, so
that an image with a desired color purity can be displayed. In
addition, the use of the white light sources or the light sources
of a single color leads to low power consumption.

[0101] Notethatalthough FIG. 8Chas been described with-
out the description of the luminance produced by the pixel
area, a structure in which the luminance of the light sources in
the backlight is controlled with a plurality of luminance levels
is acceptable.

[0102] In FIG. 8C showing the case where an image is
displayed with the still image mode, white light is obtained by
turning on the light sources of W (white) in the backlight, as
in FIG. 8B. The use of the white light sources rather than the
use of white light obtained by simultaneously turning on the
light sources of R (red), G (green), and B (blue) reduces the
light sources to turn on and thus achieves low power con-
sumption. In addition, by turning on the light sources of R
(red), G (green), and B (blue) in the backlight in accordance
with an image displayed on the pixel area, an image with a
desired range of color reproduction can be displayed, improv-
ing the display quality of a moving image.

[0103] As described above, in the case where an image is
displayed in the still image mode as shown in FIG. 8C, an
image is often displayed with a plurality of grayscale values
compared with the case where an image is displayed in the
moving image mode. By selectively controlling the lumi-
nance of the light sources of R (red), G (green), and B (blue)
in the backlight region by region of the pixel area, an image
with a desired color purity can be displayed. In addition, in the
regions for which white back light is turned on, the use of light
sources for reproducing white light, that is, the light sources
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105W of white rather than the use of white light obtained by
simultaneously turning on the light sources of R (red), G
(green), and B (blue), that is, the light sources 105R, 105G,
and 105B leads to low power consumption.

[0104] The liquid crystal display device of Embodiment 1
achieves low power consumption in displaying a still image,
by reducing the write cycles of the image signal. In addition,
in displaying a moving image, the liquid crystal display
device of Embodiment 1 allows an image with a desired color
purity to be displayed by controlling the luminance of the
light sources of R (red), G (green), and B (blue) in the back-
light and thus improves the display quality. Further, in dis-
playing a still image, the liquid crystal display device of
Embodiment 1 can reduce its power consumption used to turn
on the light sources of white by controlling the luminance of
the light sources in the backlight with the use of the light
sources of W (white).

[0105] Embodiment 1 can be implemented in appropriate
combination with the structures described in the other
embodiments.

Embodiment 2

[0106] In Embodiment 2, a structure in which the combi-
nation of color elements used by the sub-pixels constituting
the pixel 110 of Embodiment 1 is not RGBW but one includ-
ing yellow instead of W will be described. Note that common
descriptions between Embodiment 1 and Embodiment 2 will
be omitted in Embodiment 2.

[0107] FIG. 9A is a diagram showing a liquid crystal dis-
play device as FIG. 1A. FIG. 9A is different from FIG. 1A in
that the combination of the light sources in the backlight area
101 is light sources of four colors: red, green, blue, and yellow
(hereinafter referred to as light sources 105R, 105G; 105B,
and 105Y).

[0108] Unlike the structure of Embodiment 1, the structure
of Embodiment 2 does not employ the white light sources but
employs light-emitting diodes of blue and yellow which are
turned on at the same time and thus serve as a white light
source. Note that a structure in which blue and its comple-
mentary color, yellow, serve as a white light source brings
advantages such as low power consumption, compared with a
structure in which white is produced by turning on light
sources of R (red), G (green), and B (blue) at the same time.
[0109] The pixel 110 of Embodiment 2 includes the plural-
ity of sub-pixels 111 used to display a color image. FIG. 9B
shows that, unlike the combination of the sub-pixels included
in the pixel of Embodiment 1, the combination of the sub-
pixels included in the pixel of Embodiment 2 consists of
sub-pixels 111R, 111G, 111B, and 111Y for respectively
expressing red, green, blue, and yellow.

[0110] Note that the sub-pixel 111Y includes a light-trans-
mitting area 114Y. A structure in which light emitted from the
light sources 105Y passes through the light-transmitting
areas 114Y of the sub-pixels 111Y to produce yellow allows
an image with a desired color purity to be displayed. As a
result, an image with a desired range of color reproduction
can be displayed by the sub-pixels 111R, 111G, 111B, and
111Y for respectively expressing red, green, blue, and yellow.
Inaddition, a structure in which the light source 105B of blue
and the light source 105Y of yellow are turned on at the same
time to serve as a white light source achieves low power
consumption, compared with a structure in which the light
sources 105R of R (red), 105G of G (green), and 105B of B
(blue) are turned on at the same time to produce white.
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[0111] Note that Embodiment 2 employs as appropriate the
same operations as those of the liquid crystal display device in
the block diagram of FIG. 1C; the display switch circuits 121
in FIG. 2 and FIG. 3; the display control circuit 122 in FIG. 4;
and the control of the backlight area 123 and the display panel
124 in the moving image mode and the still image mode in
FIGS.5Ato0 5B, FIGS. 6A and 6B, FIGS. 7A to 7C, and FIGS.
8A to 8C.

[0112] Embodiment 2 can be implemented in appropriate
combination with the structures described in the other
embodiments.

Embodiment 3

[0113] InEmbodiment 3, an example of the structure of the
display panel of Embodiment 1 and an example of the circuit
configuration of the sub-pixel of Embodiment 1 will be
described.

[0114] A display panel shown in FIG. 10 includes a pixel
area 601, a scan line 602 (also referred to as a gate line), a
signal line 603 (also referred to as a data line), a sub-pixel 610,
a common electrode 618 (also referred to as a common elec-
trode), a capacity line 619, a scan line driver circuit 606
serving as a driver circuit, and a signal line driver circuit 607
serving as a driver circuit.

[0115] The sub-pixel 610 includes a pixel transistor 612, a
liquid crystal element 613, and a capacitor 614. A gate of the
pixel transistor 612 is connected to the scan line 602, a first
terminal serving as one of a source and a drain of the pixel
transistor 612 is connected to the signal line 603, and a second
terminal serving as the other of the source and the drain of the
pixel transistor 612 is connected to one electrode of the liquid
crystal element 613 and a first electrode of the capacitor 614.
The other electrode of the liquid crystal element 613 is con-
nected to the common electrode 618. A second electrode of
the capacitor 614 is connected to the capacitor line 619. The
pixel transistor 612 is preferably formed using a thin film
transistor (a TFT) having a thin oxide semiconductor layer.
[0116] Note that a thin film transistor is an element having
at least three terminals of gate, drain, and source. The thin film
transistor includes a channel region between a drain region
and a source region, and current can flow through the drain
region, the channel region, and the source region. Here, since
the source and the drain may change depending on the struc-
ture, the operating condition, and the like of the transistor, it
is difficult to define which is a source or a drain. Therefore, in
this document (the specification, the claims, the drawings,
and the like), a region serving as a source and a drain is not
called the source or the drain in some cases. In such a case, for
example, one of the source and the drain may be referred to as
a first terminal and the other may be referred to as a second
terminal. Alternatively, one of the source and the drain may be
referred to as a first electrode and the other may be referred to
as a second electrode. Further alternatively, one of the source
and the drain may be referred to as a source region and the
other may be referred to as a drain region.

[0117] Using an oxide semiconductor for a semiconductor
layer of the pixel transistor 612 lowers the off-state current of
the transistor. Consequently, in the pixel, a holding time of an
electric signal such as an image signal can be made longer and
the interval of a write period can be set longer. Therefore, the
cycle of one frame period can be made longer, and the fre-
quency of refresh operations performed in the still-image
mode can be reduced, thereby further enhancing the effect of
suppressing power consumption. A transistor using an oxide
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semiconductor has a relatively high field-effect mobility
compared with a transistor using amorphous silicon, and thus
shortens a write time and achieves a high-speed operation.
[0118] Note that the scan line driver circuit 606 and the
signal line driver circuit 607 are preferably formed over the
substrate over which the pixel portion 601 is formed; how-
ever, these are not necessarily formed over the substrate over
which the pixel portion 601 is formed. Forming the scan line
driver circuit 606 and the signal line driver circuit 607 over the
substrate over which the pixel portion 601 is formed reduces
the number of terminals through which the liquid crystal
display device is connected to an external unit and reduces the
size of the liquid crystal display device.

[0119] Note that the sub-pixels 610 are arranged (aligned)
in a matrix. Here, the description that states “pixels are
arranged (aligned) in a matrix™ is intended for the case where
the pixels are arranged directly or zig-zag in the longitudinal
direction or lateral direction, and the like.

[0120] Note that the description that explicitly states “A and
B are connected to each other” is intended for the case where
A and B are electrically connected to each other; the case
where A and B are functionally connected to each other; the
case where A and B are directly connected to each other; and
the like.

[0121] Embodiment 3 can be implemented in appropriate
combination with the structures described in the other
embodiments.

Embodiment 4

[0122] InEmbodiment 4, an example of the plane view and
the cross-sectional view of a pixel in the display panel will be
described with reference to drawings. Note that in Embodi-
ment 4, the pixel refers to the sub-pixel of Embodiment 1.
[0123] FIG. 11A is a plan view of one pixel in the display
panel. FIG. 11B is a cross-sectional view taken along lines
Y1-Y2 and Z1-72 shown in FIG. 11A.

[0124] In FIG. 11A, a plurality of source line layers (in-
cluding a source electrode layer 405a or a drain electrode
layer 4055) are arranged in parallel (is extended in the vertical
direction in the drawing) to be spaced from each other. A
plurality of gate line layers (including a gate electrode layer
401) is formed to be extended in a direction generally per-
pendicular to the source line layers (the horizontal direction
in the drawing) and to be spaced from each other. Capacity
line layers 408 are placed so as to be adjacent to the plurality
of gate line layers and are extended in a direction generally
parallel to the gate line layers, that is, in a direction generally
perpendicular to the source line layers (in the horizontal
direction in the drawing).

[0125] In the liquid crystal display device shown in FIGS.
11A and 11B, a transparent electrode layer 447 is formed as
a pixel electrode layer. An insulating layers 407 and 409, and
an interlayer film 413 are formed over a transistor 450. The
transparent electrode layer 447 is electrically connected to the
transistor 450 through an opening (a contact hole) formed in
the insulating layers 407 and 409, and the interlayer film 413.
[0126] As shown in FIG. 11B, a common electrode layer
448 (also referred to as a counter electrode layer) is formed on
a second substrate 442 and faces the transparent electrode
layer 447 over a first substrate 441 with a liquid crystal layer
444 therebetween. Note that in FIGS. 11A and 11B, an align-
ment film 4604 is formed between the transparent electrode
layer 447 and the liquid crystal layer 444. An alignment film
46056 is formed between the common electrode layer 448 and
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the liquid crystal layer 444. The alignment films 460a and
4605 are insulating layers having a function of controlling the
alignment of liquid crystal and thus are not necessarily
formed depending on a material for the liquid crystal.
[0127] The transistor 450 is an example of a bottom-gate
inverted-staggered transistor and includes a gate electrode
layer 401, a gate insulating layer 402, an oxide semiconductor
layer 403, the source electrode layer 405a, and the drain
electrode layer 4055. In addition, the capacity line layer 408
which is formed in the same step as the gate electrode layer
401, the gate insulating layer 402, and a conductive layer 449
which is formed in the same step as the source electrode layer
405a or the drain electrode layer 4055 are stacked to form a
capacitor.

[0128] Embodiment 4 can be implemented in appropriate
combination with the structures described in the other
embodiments.

Embodiment 5

[0129] InEmbodiment 5, anexample ofatransistor that can
be applied to a liquid crystal display device disclosed in this
specification will be described. There is no particular limita-
tion on a structure of the transistor that can be applied to the
liquid crystal display device disclosed in this specification.
For example, a staggered transistor, a planar transistor, or the
like having a top-gate structure in which a gate electrode is
placed on an upper side of an oxide semiconductor layer with
a gate insulating layer interposed or a bottom-gate structure in
which a gate electrode is placed on a lower side of an oxide
semiconductor layer with a gate insulating layer interposed,
can be used. The transistor may have a single gate structure
including one channel formation region, a double gate struc-
ture including two channel formation regions, or a triple gate
structure including three channel formation regions. Alterna-
tively, the transistor may have a dual gate structure including
two gate electrode layers placed over and below a channel
region with a gate insulating layer interposed. FIGS. 12A to
12D each show an example of the cross-sectional structure of
a transistor. Each of the transistors shown in FIGS. 12A to
12D uses an oxide semiconductor in its semiconductor layer.
An advantage of using an oxide semiconductor is that a high
field-effect mobility (the maximum value is 5 cm*/Vsec or
more, preferably in the range of 10 cm*/Vsec to 150 cm?/
Vsec) can be obtained when a transistor is on, and a low
off-state current per unit channel width (e.g., less than 1
aA/um, preferably less than 10 zA/um and less than 100
zA/um at 85° C. per unit channel width) can be obtained when
the transistor is off.

[0130] A transistor 410 shown in FIG. 12A is abottom-gate
transistor and is also referred to as an inverted staggered
transistor.

[0131] The transistor 410 includes, over a substrate 400
having an insulating surface, a gate electrode layer 401, a gate
insulating layer 402, an oxide semiconductor layer 403, a
source electrode layer 4054, and a drain electrode layer 4055.
An insulating film 407 is formed to cover the transistor 410
and to be stacked over the oxide semiconductor layer 403.
Further, a protective insulating layer 409 is formed over the
insulating film 407.

[0132] A transistor 420 shown in FIG. 12B is a bottom-gate
transistor referred to as a channel-protective type (also
referred to as a channel-stop type) transistor and is also
referred to as an inverted staggered transistor.
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[0133] The transistor 420 includes, over the substrate 400
having an insulating surface, the gate electrode layer 401, the
gate insulating layer 402, the oxide semiconductor layer 403,
an insulating layer 427 functioning as a channel protective
layer covering a channel formation region of the oxide semi-
conductor layer 403, the source electrode layer 4054, and the
drain electrode layer 4055. Further, the protective insulating
layer 409 is formed to cover the transistor 420.

[0134] A transistor 430 shown in FIG. 12C is a bottom-gate
transistor and includes, over the substrate 400 having an
insulating surface, the gate electrode layer 401, the gate insu-
lating layer 402, the source electrode layer 405a, the drain
electrode layer 4055, and the oxide semiconductor layer 403.
The insulating film 407 is formed to cover the transistor 430
and to be in contact with the oxide semiconductor layer 403.
Further, the protective insulating layer 409 is formed over the
insulating film 407.

[0135] Inthe transistor 430, the gate insulating layer 402 is
formed over and in contact with the substrate 400 and the gate
electrode layer 401; the source electrode layer 4054 and the
drain electrode layer 4055 are formed over and in contact with
the gate insulating layer 402. The oxide semiconductor layer
403 is formed over the gate insulating layer 402, the source
electrode layer 4054, and the drain electrode layer 4055.

[0136] A transistor 440 shown in FIG. 12D is a top-gate
transistor. The transistor 440 includes, over the substrate 400
having an insulating surface, an insulating layer 437, the
oxide semiconductor layer 403, the source electrode layer
405a, the drain electrode layer 4055, the gate insulating layer
402, and the gate electrode layer 401. A wiring layer 436a and
a wiring layer 43654 are formed in contact with and are elec-
trically connected to the source electrode layer 405a and the
drain electrode layer 4055 respectively.

[0137] In Embodiment 5, the oxide semiconductor layer
403 is used as a semiconductor layer as described above.
Examples of an oxide semiconductor used for the oxide semi-
conductor layer 403 include: a four-component metal oxide
such as an In—Sn—Ga—Zn—O0-based oxide semiconduc-
tor; a three-component metal oxide such as an In—Ga—Zn—
O-based oxide semiconductor, an In—Sn—Z7n—O-based
oxide semiconductor, an In—Al—Zn—O-based oxide semi-
conductor, a Sn—Ga—Zn—O0-based oxide semiconductor,
an Al—Ga—Zn—O-based oxide semiconductor, and a
Sn—Al—Zn—O-based oxide semiconductor; a two-compo-
nent metal oxide such as an In—Zn—O-based oxide semi-
conductor, a Sn—Zn—O-based oxide semiconductor, an
Al—7n—O0-based oxide semiconductor, a Zn—Mg—O-
based oxide semiconductor, a Sn—Mg—O-based oxide
semiconductor, an In—Mg—O-based oxide semiconductor,
and an In—Ga—O-based oxide semiconductor; and a single-
component metal oxide such as an In—O-based oxide semi-
conductor, a Sn—O-based oxide semiconductor, and a
Zn—O-based oxide semiconductor. In addition, SiO, may be
contained in the above oxide semiconductor. Here, for
example, an In—Ga—Z7n—O-based oxide semiconductor
means an oxide film containing indium (In), gallium (Ga),
and zinc (Zn), and there is no particular limitation on the
stoichiometric proportion thereof. The In—Ga—Zn—O-
based oxide semiconductor may contain an element other
than In, Ga, and Zn.

[0138] As the oxide semiconductor layer 403, a thin film
expressed by a chemical formula of 1 nMO,(Zn0),, (in >0)
can be used. Here, M represents one or more metal elements
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selected from Ga, Al, Mn, and Co. For example, M can be Ga,
Ga and Al, Ga and Mn, Ga and Co, or the like.

[0139] In each of the transistors 410, 420, 430, and 440
using the oxide semiconductor layer 403, the value of current
in a transistor in the off state (off-state current value) can be
reduced. Therefore, a capacitor for holding an electric signal
such as an image signal can be designed to be small in a pixel.
This enables improvement in the aperture ratio of a pixel,
thereby achieving low power consumption corresponding to
the improvement.

[0140] Further, since the off-state current of the transistors
410, 420, 430, and 440 using the oxide semiconductor layer
403 can be reduced, in the pixel, a holding time of an electric
signal such as an image signal can be made longer and the
interval of a write period can be set longer. Therefore, the
cycle of one frame period can be made longer, and the fre-
quency of refresh operations performed in a still-image dis-
play period can be reduced, thereby further enhancing the
effect of suppressing power consumption. In addition, since
the transistors can be separately formed in a driver circuit area
and a pixel area over one substrate, the number of the com-
ponents of the liquid crystal display device can be reduced.

[0141] There is no limitation on a substrate that can be
applied to the substrate 400 having an insulating surface. For
example, a glass substrate such as a glass substrate made of
barium borosilicate glass or aluminosilicate glass can be
used.

[0142] Inthe bottom-gate transistors 410, 420, and 430, an
insulating film serving as a base film may be formed between
the substrate and the gate electrode layer. The base film has a
function of preventing diffusion of an impurity element from
the substrate, and can be a single layer or a stack of a silicon
nitride film, a silicon oxide film, a silicon nitride oxide film, or
a silicon oxynitride film.

[0143] The gate electrode layer 401 can be a single layer or
stack of any of the following materials: metal materials such
as molybdenum, titanium, chromium, tantalum, tungsten,
aluminum, copper, neodymium, and scandium; and alloy
materials containing any of these materials as their main
component.

[0144] The gate insulating layer 402 can be a single layer or
a stack of any of the following: 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,
and a hafnium oxide layer, and can be formed by plasma
CVD, sputtering, or the like. For example, a 200-nm-thick
gate insulating layer is formed in such a manner that a first
gate insulating layer thatis a silicon nitride layer (SiN,, (y>0))
having a thickness of 50 nm to 200 nm is formed by plasma
CVD and then a second gate insulating layer that is a silicon
oxide layer (SiO, (x>0)) having a thickness of 5 nm to 300 nm
is stacked over the first gate insulating layer.

[0145] As a conductive film used for the source electrode
layer 4054 and the drain electrode layer 4055, for example, a
metal film containing an element selected from Al, Cr, Cu, Ta,
Ti, Mo, and W and a metal nitride film containing any of the
above elements as its main component (a titanium nitride
film, a molybdenum nitride film, a tungsten nitride film, or the
like) can be used. A metal film having a high melting point
such as Ti, Mo, W, or the like or a metal nitride film of any of
these elements (a titanium nitride film, a molybdenum nitride
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film, and a tungsten nitride film) may be stacked on one or
both of a lower side or an upper side of a metal film of Al, Cu,
or the like.

[0146] The same material as that of the source electrode
layer 405a and the drain electrode layer 4055 can be also used
for conductive films used as the wiring layer 436a and the
wiring layer 4365 which are connected to the source electrode
layer 405a and the drain electrode layer 4055 respectively.
[0147] The conductive film to be the source electrode layer
405a and the drain electrode layer 4055 (including a wiring
layer formed using the same layer as the source electrode
layer 4054 and the drain electrode layer 40556) may be formed
using conductive metal oxide. As the conductive metal oxide,
indium oxide (In,0O,), tin oxide (SnO,), zinc oxide (ZnO), an
alloy of indium oxide and tin oxide (In,O;—SnO,, referred to
as ITO), an alloy of indium oxide and zinc oxide (In,O;—
7Zn0), and such a metal oxide material containing silicon
oxide can be used.

[0148] As the insulating films 407 and 427 being formed
over the oxide semiconductor layer and as the insulating film
437 being formed below the oxide semiconductor layer, an
inorganic insulating film such as a silicon oxide film, a silicon
oxynitride film, an aluminum oxide film, or an aluminum
oxynitride film can be typically used.

[0149] For the protective insulating layer 409 formed over
the oxide semiconductor layer, an inorganic insulating film
such as a silicon nitride film, an aluminum nitride film, a
silicon nitride oxide film, or an aluminum nitride oxide film
can be used.

[0150] Further, a planarization insulating film may be
formed over the protective insulating layer 409 so that surface
roughness due to the transistor is reduced. As the planariza-
tion insulating film, an organic material such as polyimide, an
acrylic resin, and a benzocyclobutene-based resin can be
used. In addition to the above organic materials, a low-dielec-
tric constant material (a low-k material) or the like can be
used. Note that the planarization insulating film may be
formed by stacking a plurality of insulating films of any of
these materials.

[0151] As described above, the off-state current of a tran-
sistor having an oxide semiconductor layer formed according
to Embodiment 5 can be made low. Consequently, in the
pixel, a holding time of an electric signal such as an image
signal can be made longer and the interval of a write period
can be set longer. Therefore, the cycle of one frame period can
be made longer, and the frequency of refresh operations per-
formed in a still-image display period can be reduced, thereby
further enhancing the effect of suppressing power consump-
tion. An oxide semiconductor layer is preferable in that it can
be formed without a process such as laser irradiation and
allows a transistor to be formed on a large-scale substrate.
[0152] Embodiment 5 can be implemented in appropriate
combination with the structures described in the other
embodiments.

Embodiment 6

[0153] InEmbodiment 6, examples ofatransistor including
an oxide semiconductor layer and the manufacturing method
thereof will be described in detail below with reference to
FIGS. 13A to 13E. The same portion as or a portion having a
function similar to those in Embodiment 5 and repetitive
description will be omitted. In addition, detailed description
of the same portions is not repeated.
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[0154] FIGS. 13A to 13E show an example of a cross-
sectional structure of a transistor. A transistor 510 shown in
FIGS. 13A to 13E is a bottom-gate inverted staggered tran-
sistor, which is similar to the transistor 410 shown in FIG.
12A.

[0155] A process of forming the transistor 510 over a sub-
strate 505 will be described with reference to FIGS. 13A to
13E.

[0156] First, a conductive film is formed over the substrate
505 having an insulating surface, and then, a gate electrode
layer 511 is formed through a first photolithography step.
Note that a resist mask may be formed by an inkjet method.
Formation of the resist mask by an inkjet method needs no
photomask; thus, manufacturing cost can be reduced.

[0157] As the substrate 505 having an insulating surface, a
substrate similar to the substrate 400 described in Embodi-
ment 4 can be used. In Embodiment 6, a glass substrate is used
as the substrate 505.

[0158] An insulating film serving as a base film may be
formed between the substrate 505 and the gate electrode layer
511. The base film has a function of preventing diffusion of an
impurity element from the substrate 505, and can be a single
layer or a stack of a silicon nitride film, a silicon oxide film, a
silicon nitride oxide film, and a silicon oxynitride film.
[0159] The gate electrode layer 511 can be a single layer or
a stack of'any ofthe following materials: metal materials such
as molybdenum, titanium, tantalum, tungsten, aluminum,
copper, neodymium, and scandium; and alloy materials
including any of these metal materials as its main component.
[0160] Next, a gate insulating layer 507 is formed over the
gate electrode layer 511. The gate insulating layer 507 can be
formed by plasma-enhanced CVD, sputtering, or the like to
be a single layer or a stack of any of the following layers: 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, and a hafnium oxide layer.
[0161] An oxide semiconductor made to be an i-type semi-
conductor or a substantially i-type semiconductor by remov-
ing an impurity is used as the oxide semiconductor of
Embodiment 6. Such a highly purified oxide semiconductoris
highly sensitive to an interface state and interface charges;
thus, an interface between the oxide semiconductor layer and
the gate insulating layer is important. For this reason, the gate
insulating layer that is to be in contact with a highly purified
oxide semiconductor needs to have a high quality.

[0162] For example, high-density plasma-enhanced CVD
using microwaves (e.g., with a frequency of 2.45 GHz) is
preferable in that it makes a dense insulating layer having a
high withstand voltage and high quality. This is because put-
ting the highly purified oxide semiconductor in close contact
with the high-quality gate insulating layer reduces the inter-
face state density and makes interface characteristics favor-
able.

[0163] Needless to say, another film formation method
such as sputtering or plasma-enhanced CVD can be
employed as long as it forms a high-quality insulating layer as
a gate insulating layer. Alternatively, a film formation method
can be employed as long as it forms an insulating layer to be
a gate insulating layer in which its film quality and the char-
acteristics of its interface to an oxide semiconductor are
improved by heat treatment performed after the formation of
the insulating layer. In any case, any film formation method
can be employed as long as it forms an insulating layer that
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has, of course, favorable characteristics of a gate insulating
layer and reduces the interface state density of its interface to
an oxide semiconductor thereby forming a favorable inter-
face.

[0164] In order for the gate insulating layer 507 and an
oxide semiconductor film 530 to contain hydrogen, a
hydroxyl group, and moisture as little as possible, it is pref-
erable to perform pretreatment before the formation of the
oxide semiconductor film 530. As the pretreatment, the sub-
strate 505 provided with the gate electrode layer 511 or a
substrate 505 over which the gate electrode layer 511 and the
gate insulating layer 507 are formed is preheated in a preheat-
ing chamber of a sputtering apparatus, thereby removing and
evacuating an impurity such as hydrogen or moisture
adsorbed on the substrate 505. A cryopump is preferably used
as an evacuation unit in the preheating chamber. Note that this
preheating treatment can be omitted. Further, this preheating
treatment may be performed in a similar manner on the sub-
strate 505 over which a source electrode layer 5154 and a
drain electrode layer 5155 have been formed and an insulat-
ing layer 516 has not been formed yet.

[0165] Next, the oxide semiconductor film 530 having a
thickness ranging from 2 nm to 200 nm, preferably from 5 nm
to 30 nm is formed over the gate insulating layer 507 (see FIG.
13A).

[0166] Note that before the oxide semiconductor film 530 s
formed by sputtering, powder substances (also referred to as
particles or dust) which attach on a surface of the gate insu-
lating layer 507 are preferably removed by reverse sputtering
in which an argon gas is introduced and plasma is generated.
The reverse sputtering refers to a method in which, without
applying a voltage to a target side, an RF power source is used
for application of a voltage to a substrate in an argon atmo-
sphere to generate plasma in the vicinity of the substrate side
to modify a surface. Note that instead of an argon atmosphere,
a nitrogen atmosphere, a helium atmosphere, an oxygen
atmosphere, or the like may be used.

[0167] The oxide semiconductor described in Embodiment
5 can be used as an oxide semiconductor for the oxide semi-
conductor film 530. Further, SiO, may be contained in the
above oxide semiconductor. In Embodiment 6, the oxide
semiconductor film 530 is formed by sputtering using an
In—Ga—Zn—O0-based oxide target. A cross-sectional view
at this stage is shown in FIG. 13A. Alternatively, the oxide
semiconductor film 530 can be formed by sputtering in a rare
gas (typically argon) atmosphere, an oxygen atmosphere, or a
mixed atmosphere containing a rare gas and oxygen.

[0168] The target used for the formation of the oxide semi-
conductor film 530 by sputtering is, for example, an oxide
target containing In,O;, Ga,O;, and ZnO at a composition
ratio of 1:1:1 [molar ratio], so that an In—Ga—Z7n—O0O film is
formed. Without limitation to the material and the component
of the target, for example, an oxide target containing In,O;,
Ga,0;, and ZnO at 1:1:2 [molar ratio] may be used.

[0169] The filling factor of the oxide target is 90% to 100%,
preferably 95% to 99.9%. By using the metal oxide target
with high filling factor, a dense oxide semiconductor film can
be formed.

[0170] Itis preferable that a high-purity gas from which an
impurity such as hydrogen, water, a hydroxyl group, or a
hydride is removed be used as a sputtering gas used to form
the oxide semiconductor film 530.

[0171] The substrate is held in a film formation chamber
kept under reduced pressure, and the substrate temperature
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ranges from 100° C. to 600° C., preferably from 200° C. to
400° C. Forming the oxide semiconductor film while heating
the substrate at the same time reduces the concentration of
impurities included in a formed oxide semiconductor film and
reduces damage due to sputtering. Then, a sputtering gas from
which hydrogen and moisture are removed is introduced into
the film formation chamber where remaining moisture has
been removed, and the oxide semiconductor film 530 is
formed over the substrate 505 with the use of the above target.
In order to remove remaining moisture from the film forma-
tion chamber, an entrapment vacuum pump such as a cry-
opump, an ion pump, or a titanium sublimation pump is
preferably used. The evacuation unit may be a turbo pump
provided with a cold trap. In the film formation chamber
evacuated with use of the cryopump, a hydrogen atom, a
compound including a hydrogen atom, such as water (H,O)
(more preferably, also a compound including a carbon atom),
and the like are removed, thereby reducing the concentration
of impurities in the oxide semiconductor film faulted in the
film formation chamber.

[0172] An example of the film formation condition is as
follows: the distance between the substrate and the target is
100 mm, the pressure is 0.6 Pa, the direct-current (DC) power
source is 0.5 kW, and the atmosphere is an oxygen atmo-
sphere (the proportion of the oxygen flow rate is 100%). Note
that the use of a pulse direct current power source is preferable
in that it reduces powder substances (also referred to as par-
ticles or dust) generated at the time of the film formation and
makes the film thickness uniform.

[0173] Then, through a second photolithography step, the
oxide semiconductor film 530 is processed into an island-
shaped oxide semiconductor layer. A resist mask for forming
the island-shaped oxide semiconductor layer may be formed
by an ink-jet method. Forming the resist mask by an inkjet
method needs no photomask and thus reduces manufacturing
cost.

[0174] Inthe case where a contact hole is formed in the gate
insulating layer 507, a step of forming the contact hole can be
performed at the same time as a step of processing the oxide
semiconductor film 530.

[0175] Note that the etching of the oxide semiconductor
film 530 may be dry etching, wet etching, or both dry etching
and wet etching. As an etchant used for wet etching of the
oxide semiconductor film 530, a mixed solution of phospho-
ric acid, acetic acid, and nitric acid; or ITOO7N (produced by
KANTO CHEMICAL CO., INC.) can be used for example.

[0176] Next, the oxide semiconductor layer is subjected to
first heat treatment. By this first heat treatment, the oxide
semiconductor layer can be dehydrated or dehydrogenated.
The temperature of the first heat treatment ranges from 400°
C. to 750° C., or is 400° C. or more and less than the strain
point of the substrate. Here, an oxide semiconductor layer
531 is formed in the following manner the substrate is intro-
duced into an electric furnace, which is a heat treatment
apparatus, and heat treatment is performed on the oxide semi-
conductor layer in a nitrogen atmosphere at 450° C. for one
hour; after that, the oxide semiconductor layer is prevented
from being exposed to the air so that entry of water and
hydrogen into the oxide semiconductor layer is prevented
(see FIG. 13B).

[0177] A heat treatment apparatus used in this step is not
limited to an electric furnace, and may be a device for heating
an object to be processed by heat conduction or heat radiation
from a heating element such as a resistance heating element.
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For example, an RTA (rapid thermal anneal) apparatus such
as a GRTA (gas rapid thermal anneal) apparatus or an LRTA
(lamp rapid thermal anneal) apparatus can be used. An LRTA
apparatus is an apparatus for heating an object to be processed
by radiation of light (an electromagnetic wave) emitted from
a lamp such as a halogen lamp, a metal halide lamp, a xenon
arc lamp, a carbon arc lamp, a high pressure sodium lamp, or
a high pressure mercury lamp A GRTA apparatus is an appa-
ratus for heat treatment using a high-temperature gas. An inert
gas that does not react with an object to be processed by heat
treatment, such as nitrogen or a rare gas like argon, is used as
the high temperature gas.

[0178] For example, as the first heat treatment, GRTA may
be performed in the following manner: the substrate is trans-
ferred and put into an inert gas heated to high temperatures in
the range of 650° C. to 700° C., heated for several minutes,
and taken out from the inert gas heated to high temperatures.
[0179] Note that in the first heat treatment, it is preferable
that water, hydrogen, and the like be not contained in the
atmosphere of nitrogen or a rare gas such as helium, neon, or
argon. The purity of nitrogen or the rare gas such as helium,
neon, or argon which is introduced into the heat treatment
apparatus is preferably 6N (99.9999%) or more, preferably
7N (99.99999%) or more (i.e., the impurity concentration is
preferably 1 ppm or less, preferably 0.1 ppm or less).

[0180] After the oxide semiconductor layer is heated by the
first heat treatment, a high-purity oxygen gas, a high-purity
N,O gas, or ultra-dry air (having a dew point of -40° C. or
less, preferably —60° C. or less) may be introduced into the
same furnace. It is preferable that water, hydrogen, or the like
be not contained in the oxygen gas or the N,O gas. Alterna-
tively, the purity of an oxygen gas or an N,O gas which is
introduced into the heat treatment apparatus is preferably 6N
or more, more preferably 7N or more (i.e., the impurity con-
centration of the oxygen gas or the N,O gas is 1 ppm or less,
preferably 0.1 ppm or less). Although oxygen which is a main
component included in the oxide semiconductor is reduced
through the elimination of impurities by performance of
dehydration treatment or dehydrogenation treatment, oxygen
is supplied by the effect of introduction of the oxygen gas or
the N,O gas in the above manner, so that the oxide semicon-
ductor layer is highly purified and made to be an electrically
i-type (intrinsic) semiconductor.

[0181] Alternatively, the first heat treatment of the oxide
semiconductor layer can be performed on the oxide semicon-
ductor film 530 which has not yet been processed into the
island-shaped oxide semiconductor layer. In that case, the
substrate is taken out from the heat apparatus after the first
heat treatment, and then a photolithography step is per-
formed.

[0182] Alternatively, the first heat treatment may be per-
formed either after a source electrode layer and a drain elec-
trode layer are formed over the oxide semiconductor layer or
after an insulating layer is formed over the source electrode
layer and the drain electrode layer, as long as the first heat
treatment is performed after the formation of the oxide semi-
conductor layer.

[0183] Inthecasewhere acontacthole is formed in the gate
insulating layer 507, the formation of the contact hole may be
performed before or after the first heat treatment is performed
on the oxide semiconductor film 530.

[0184] Alternatively, an oxide semiconductor layer may be
formed through two film formation steps and two heat treat-
ment steps. The thus formed oxide semiconductor layer has a
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thick crystalline region (non-single-crystal region), that is, a
region in which crystal grains are aligned in the c-axis direc-
tion (in the direction perpendicular to a surface of the layer),
even when a base component includes any of an oxide, a
nitride, a metal, or the like. For example, the oxide semicon-
ductor layer having a thick crystalline region may be formed
in the following manner a first oxide semiconductor film with
a thickness of 3 nm to 15 nm is formed, and first heat treat-
ment is performed in a nitrogen, oxygen, rare gas, or dry air
atmosphere at 450° C. to 850° C., preferably 550° C. to 750°
C., so that the first oxide semiconductor film has a crystalline
region (including a plate-like crystal) including a surface
thereof; then, a second oxide semiconductor film having a
larger thickness than the first oxide semiconductor film is
formed, and second heat treatment is performed at 450° C. to
850° C., preferably 600° C. to 700° C., so that crystal growth
proceeds upward with the use of the first oxide semiconductor
film as a seed of the crystal growth and the whole second
oxide semiconductor film is crystallized.

[0185] Next, a conductive film to be the source and drain
electrode layers (including a wiring formed in the same layer
as the source and drain electrode layers) is formed over the
gate insulating layer 507 and the oxide semiconductor layer
531. The conductive film to be the source and drain electrode
layers can be formed using the material which is used for the
source electrode layer 405a and the drain electrode layer
4055 described in Embodiment 5.

[0186] A resist mask is formed over the conductive film by
a third photolithography step, and selective etching is per-
formed so that the source electrode layer 515a and the drain
electrode layer 5155 are formed. Then, the resist mask is
removed (see FIG. 13C).

[0187] Ultraviolet, KrF laser light, or ArF laser light is
preferably used for light exposure for forming the resist mask
in the third photolithography process. A channel length L. of
the transistor formed later is determined by the distance
between the lower edge portion of the source electrode layer
and the lower edge portion of the drain electrode layer facing
each other over the oxide semiconductor layer 531. Note that
when light exposure is preferably performed to provide the
channel length L of less than 25 nm, extreme ultraviolet with
extremely short wavelengths of several nanometers to several
tens of nanometers is used for light exposure for forming the
resist mask in the third photolithography process. Light expo-
sure with extreme ultraviolet leads to a high resolution and a
large depth of focus. For these reasons, the channel length L.
of'the transistor to be formed later can be in the range of 10 nm
to 1000 nm, and the circuit can operate at higher speed.
[0188] In order to reduce the number of the photomasks
used in the photolithography process or the number of fabri-
cation steps, etching process can be performed using a resist
mask made by a multi-tone mask which is a light-exposure
mask such that light transmitted by the mask has a plurality of
intensities. A resist mask made by a multi-tone mask has a
plurality of thicknesses and can be further changed in shape
by etching; thus, such a resist mask can be used in a plurality
ofetching processes for different patterns. Thus, a resist mask
applicable to at least two or more kinds of different patterns
can be made by a single multi-tone mask. This reduces the
number of exposure masks and also the number of corre-
sponding photolithography processes, thereby simplifying
the process.

[0189] Note that when the conductive film is etched, the
optimum etching condition is desirably made so that the
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oxide semiconductor layer 531 can be prevented from being
etched together with the conductive film and divided. How-
ever, it is difficult to attain such a condition that only the
conductive film is etched and the oxide semiconductor layer
531 is not etched at all. In etching of the conductive film, the
oxide semiconductor layer 531 is partly etched in some cases,
thereby forming the oxide semiconductor layer having a
groove portion (a depressed portion).

[0190] Next, by plasma treatment using a gas such as N,O,
N,, or Ar, water or the like adsorbed on a surface of an
exposed portion of the oxide semiconductor layer may be
removed. In the case where the plasma treatment is per-
formed, the insulating layer 516 which serves as a protective
insulating film in contact with part of the oxide semiconduc-
tor layer is formed without exposure to the air.

[0191] The insulating layer 516 can be formed to a thick-
ness of 1 nm or more by a method by which an impurity such
as water or hydrogen does not enter the insulating layer 516,
such as sputtering as appropriate. When hydrogen is con-
tained in the insulating layer 516, the hydrogen enters the
oxide semiconductor layer or extracts oxygen from the oxide
semiconductor layer, which causes a reduction in the resis-
tance of a back channel of the oxide semiconductor layer (i.e.,
makes an n-type back channel), so that a parasitic channel
might be formed. Therefore, it is important not to use hydro-
gen for the film formation method in order for the insulating
layer 516 to contain hydrogen as little as possible.

[0192] Inthis embodiment, a silicon oxide film is formed to
a thickness of 200 nm as the insulating layer 516 by sputter-
ing. The substrate temperature in film formation may be
higher than or equal to room temperature and lower than or
equal to 300° C. and in this embodiment, is 100° C. The
silicon oxide film can be formed by sputtering in a rare gas
(typically argon) atmosphere, an oxygen atmosphere, or a
mixed atmosphere containing a rare gas and oxygen. As a
target, a silicon oxide target or a silicon target may be used.
For example, the silicon oxide film can be formed using a
silicon target by sputtering in an atmosphere containing oxy-
gen. As the insulating layer 516 which is formed in contact
with the oxide semiconductor layer, an inorganic insulating
film which does not include impurities such as moisture, a
hydrogen ion, and OH™ and blocks entry of these from the
outside is used; typically, a silicon oxide film, a silicon oxyni-
tride film, an aluminum oxide film, an aluminum oxynitride
film, or the like is used.

[0193] As in the case of formation of the oxide semicon-
ductor film 530, an entrapment vacuum pump (such as a
cryopump) is preferably used in order to remove remaining
moisture in a film formation chamber used to form the insu-
lating layer 516. When the insulating layer 516 is formed in
the film formation chamber which is evacuated with use of a
cryopump, the concentration of an impurity contained in the
insulating layer 516 can be reduced. Alternatively, the evacu-
ation unit used for removal of the remaining moisture in the
film formation chamber used to form the insulating layer 516
may be a turbo pump provided with a cold trap.

[0194] It is preferable that a high-purity gas from which
impurities such as hydrogen, water, a hydroxyl group, or a
hydride are removed be used as a sputtering gas used to form
the insulating layer 516.

[0195] Next, second heat treatment is performed in an inert
gas atmosphere or an oxygen gas atmosphere (preferably at
200° C. 10 400° C., e.g. 250° C. t0 350° C.). For example, the
second heat treatment is performed in a nitrogen atmosphere
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at 250° C. for one hour. The second heat treatment is per-
formed in such a condition that part (a channel formation
region) of the oxide semiconductor layer is in contact with the
insulating layer 516.

[0196] Through the above process, the first heat treatment
is performed on the oxide semiconductor film so that an
impurity such as hydrogen, moisture, a hydroxyl group, or
hydride (also referred to as a hydrogen compound) is
removed from the oxide semiconductor layer, and oxygen
which is one of main components of an oxide semiconductor
and is reduced in the step of removing impurities can be
supplied by the second heat treatment. Consequently, the
oxide semiconductor layer is highly purified and is made to be
an electrically i-type (intrinsic) semiconductor. Note that the
hydrogen concentration in the highly-purified oxide semicon-
ductor film is 5x10*° atoms/cm? or less, preferably 5x10'®
atoms/cm” or less, more preferably 5x10'” atoms/cm® or less.
Note that the above hydrogen concentration of the oxide
semiconductor film is measured by secondary ion mass spec-
trometry (SIMS).

[0197] Through the above process, the transistor 510 is
formed (see FIG. 13D).

[0198] When a silicon oxide layer having a lot of defects is
used as the insulating layer 516, an impurity such as hydro-
gen, moisture, a hydroxyl group, or a hydride contained in the
oxide semiconductor layer can be diffused into the insulating
layer 516 by the heat treatment which is performed after the
formation of the silicon oxide layer, so that impurities in the
oxide semiconductor layer can be further reduced.

[0199] A protective insulating layer 506 may be formed
over the insulating layer 516. For example, a silicon nitride
film is formed by the RF sputtering method. The RF sputter-
ing method gives good manufacturability, and thus is prefer-
ably used as a method for forming a protective insulating
layer. As the protective insulating layer, an inorganic insulat-
ing film which does not include an impurity such as moisture
and blocks entry of the impurity from the outside, e.g., a
silicon nitride film, an aluminum nitride film, or the like is
used. In Embodiment 6, the protective insulating layer 506 is
formed using a silicon nitride film (see FIG. 13E).

[0200] In this embodiment, as the protective insulating
layer 506, a silicon nitride film is formed by heating the
substrate 505, over which the steps up to and including the
formation step of the insulating layer 516 have been done, to
100° C. to 400° C., introducing a sputtering gas including
high-purity nitrogen from which hydrogen and moisture are
removed, and using a silicon semiconductor target. In that
case also, it is preferable that remaining moisture be removed
from a film formation chamber in the formation of the pro-
tective insulating layer 506 as in the case of the insulating
layer 516.

[0201] After the formation of the protective insulating
layer, heat treatment may be performed at 100° C. to 200° C.
for 1 to 30 hours in an air atmosphere. This heat treatment
may be performed at a fixed heating temperature. Alterna-
tively, the following change in the heating temperature may
be conducted more than once repeatedly. This heat treatment
can be performed at a constant heating temperature or follow
repeated temperature cycles where the temperature rises from
room temperature to a heating temperature of 100° C. to 200°
C. and drops from the a heating temperature to room tem-
perature.

[0202] As described above, the off-state current of a tran-
sistor having a highly-purified oxide semiconductor layer
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formed in the manner of Embodiment 5 can be made low.
Consequently, in the pixel, a holding time of an electric signal
such as an image signal can be made longer and the interval of
a write period can be set longer. Therefore, the cycle of one
frame period can be made longer, and the frequency of refresh
operations performed in a still-image display period can be
reduced, thereby further enhancing the effect of suppressing
power consumption. A highly-purified oxide semiconductor
layer is preferable in that it can be formed without a process
such as laser irradiation and allows a transistor to be formed
on a large-scale substrate.

[0203] Embodiment 6 can be implemented in appropriate
combination with the structures described in the other
embodiments.

Embodiment 7

[0204] A liquid crystal display device disclosed in this
specification can be applied to a variety of electronic devices
(including a game machine). Examples of electronic appli-
ances are a television set (also referred to as a television or a
television receiver), a screen of a computer or the like, a
camera such as a digital camera or a digital video camera, a
digital photo frame, a cellular phone (also referred to as a cell
phone or a mobile phone), a portable game console, a per-
sonal digital assistant, an audio reproducing device, a large-
sized game machine such as a pachinko machine, and the like.
Examples of an electronic device including the liquid crystal
display device according to the above embodiments will be
described.

[0205] FIG. 14A shows an example of an electronic book
device. The electronic book device shown in FIG. 14A
includes two housings, a housing 1700 and a housing 1701.
The housing 1700 and the housing 1701 are combined with a
hinge 1704 so that the electronic book device can be opened
and closed. Such a structure allows the electronic book device
to operate like a paper book.

[0206] A display area 1702 and a display area 1703 are
incorporated in the housing 1700 and the housing 1701,
respectively. The display area 1702 and the display area 1703
may be configured to display one image or different images.
In the case where the display area 1702 and the display area
1703 display different images, the display area on the right
side (the display area 1702 in FIG. 14A) can display text and
the display area on the left side (the display area 1703 in FIG.
14A) can display graphics, for example.

[0207] 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
input terminal 1705, operation keys 1706, a speaker 1707,
and the like. It is possible to turn the pages with the operation
keys 1706. Note that a keyboard, a pointing device, or the like
may be provided on the surface of the housing, on which the
display area is provided. Further, an external connection ter-
minal (an earphone terminal, a USB terminal, a terminal that
can be connected to various cables such as a USB cable, or the
like), a recording medium insert portion, or the like may be
provided on the back surface or the side surface of the hous-
ing. Further, the electronic book device shown in FIG. 14A
may serve as an electronic dictionary.

[0208] FIG.14B shows an example of a digital photo frame
using a liquid crystal display device. For example, in the
digital photo frame shown in FIG. 14B, adisplay area 1712 is
incorporated in a housing 1711. The display area 1712 can
display various images. For example, the display area 1712
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can display data of an image taken with a digital camera or the
like and thus function as a normal photo frame.

[0209] Note that the digital photo frame shown 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
area 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
with a digital camera is inserted in the recording medium
insertion portion of the digital photo frame, so that the image
data can be transferred and then displayed on the display area
1712.

[0210] FIG. 14C shows an example of a television set using
a liquid crystal display device. In the television set shown in
FIG. 14C, a display area 1722 is incorporated in a housing
1721. The display area 1722 can display an image. Further,
the housing 1721 is supported by a stand 1723 here. The
liquid crystal display device according to the above embodi-
ments can be applied to the display area 1722.

[0211] The television set shown in FIG. 14C can be oper-
ated with an operation switch of the housing 1721 or a sepa-
rate remote control device. Channels and volume can be
controlled with an operation key of the remote control device
so that an image displayed on the display area 1722 can be
controlled. Further, the remote control device may be pro-
vided with a display area for displaying data output from the
remote control device.

[0212] FIG. 14D shows an example of a cellular phone
using a liquid crystal display device. The cellular phone
shown in FIG. 14D is provided with a display area 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.

[0213] Thedisplay area 1732 ofthe cellular phone shownin
FIG. 14D is a touchscreen. When the display area 1732 is
touched with a finger or the like, contents displayed on the
display area 1732 can be controlled. Further, operations such
as making calls and texting can be performed by touching the
display area 1732 with a finger or the like.

[0214] Embodiment 7 can be implemented in appropriate
combination with the structures described in the other
embodiments.

Embodiment 8

[0215] In Embodiment 8, the structure of the electronic
book device according to Embodiment 7 will be described
with a specific example.

[0216] FIG. 15A shows an electronic book device (also
referred to as an e-book device), which includes housings
9630, a display area 9631, operation keys 9632, a solar cell
9633, and a charge and discharge control circuit 9634. The
electronic book device shown in FIG. 15A has a function of
displaying various kinds of information (e.g., a still image, a
moving image, and a text image) on the display area; a func-
tion of displaying the calendar, date, time, or the like on the
display area; a function of operating or editing the informa-
tion displayed on the display area; a function of controlling
processing by various kinds of software (programs); and the
like. Note that in FIG. 15A, the charge and discharge control
circuit 9634 has a battery 9635 and a DCDC converter (here-
inafter abbreviated as a converter) 9636 as an example.
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[0217] The structure shown in FIG. 15A is preferable in
that it allows power generation by the solar cell 9633 and
charge by the battery 9635 to be effectively performed. Pro-
viding the solar cell 9633 on a surface or a rear surface of the
housing 9630 allows the battery 9635 to be charged more
efficiently. Using a lithium ion battery as the battery 9635
provides advantages such as a reduction in size.

[0218] A configuration and operation of the charge and
discharge control circuit 9634 shown in FIG. 15A is described
with reference to a block diagram of FIG. 15B. FIG. 15B
shows the solar cell 9633, the battery 9635, the converter
9636, the converter 9637, switches SW1 to SW3, and the
display area 9631. The charge and discharge control circuit
9634 includes the battery 9635, the converter 9636, the con-
verter 9637, and the switches SW1 to SW3.

[0219] First, explanation is given to an example of an
operation performed in the case where the solar cell 9633
generates power with external light. The power generated by
the solar cell is raised or lowered by the converter 9636 to a
voltage for charging battery 9635. When the power from the
solar cell 9633 is used to operate the display area 9631, the
switch SW1 is turned on and the power is raised or lowered by
the converter 9637 to a voltage needed for the display area
9631. When an image is not displayed on the display area
9631, the switch SW1 may be turned off and the switch SW2
may be turned on, thereby charging the battery 9635.

[0220] Next, explanation is given to an example of an
operation performed in the case where the solar cell 9633
does not generate power with external light. The power stored
in the battery 9635 is raised or lowered by the converter 9637
when the switch SW3 is turned on. Thus, the power from the
battery 9635 is used to operate the display area 9631.

[0221] Note that although the solar cell 9633 has been
shown as an example of a charging unit here, the battery 9635
may be charged by another unit. Alternatively, the battery
9635 may be charged by a combination of the solar cell 9633
and another charging unit.

[0222] Embodiment 8 can be implemented in appropriate
combination with the structures described in the other
embodiments.

Example 1

[0223] In Example 1, an example of how the off-state cur-
rent of an example of a transistor is calculated with a leakage
current measurement using a test element group (hereinafter
called a TEG) will be described.

[0224] The configuration of the TEG will be described with
reference to FIG. 16. FIG. 16 is a circuit diagram showing the
configuration of the TEG.

[0225] A TEG shown in FIG. 16 includes a plurality of
systems of measurement 201. The plurality of systems of
measurement 201 is connected in parallel. Here, as an
example, eight systems of measurement 201 are connected in
parallel.

[0226] Each system of measurement 201 includes a tran-
sistor 211, a transistor 212, a capacitor 213, a transistor 214,
and a transistor 215.

[0227] A voltage V1 is input to a first terminal of the tran-
sistor 211. A voltage Vext_a is input to a gate of the transistor
211. The transistor 211 is a charge injecting transistor.
[0228] A first terminal of the transistor 212 is connected to
a second terminal of the transistor 211. A voltage V2 is input
to a second terminal of the transistor 212. A voltage Vext_b is
input to a gate of the transistor 212. The transistor 212 is a
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leakage current evaluating transistor. Note that the leakage
current here refers to a leakage current including the off-state
current of a transistor.

[0229] A first electrode of the capacitor 213 is connected to
the second terminal of the transistor 211. The voltage V2 is
input to a second electrode of the capacitor 213. Here, 0 V is
used as the voltage V2.

[0230] A voltage V3 is input to a first terminal of the tran-
sistor 214. A gate of the transistor 214 is connected to the
second terminal of the transistor 211. Note that a connection
point of the gate of the transistor 214, the second terminal of
the transistor 211, the first terminal of the transistor 212, and
the first electrode of the capacitor 213 is called a node A.
[0231] A first terminal of the transistor 215 is connected to
a second terminal of the transistor 214. A voltage V4 is input
to a second terminal of the transistor 215. A voltage Vext_c is
input to a gate of the transistor 215. Note that here, 0.5 V is
used as the voltage Vext_c.

[0232] In addition, each system of measurement 201 out-
puts the voltage of a connection point of the second terminal
of the transistor 214 and the first terminal of the transistor
215, as an output voltage Vout.

[0233] Here, atransistor having a channel length L of 10 um
and a channel width W of 10 um and having an oxide semi-
conductor layer is used as an example of the transistor 211. A
transistor having a channel length L of 3 um an and a channel
width W of 100 pm and having an oxide semiconductor layer
is used as an example of each of the transistor 214 and the
transistor 215. A bottom-gate transistor with an oxide semi-
conductor layer; a source electrode and a drain electrode on
the oxide semiconductor layer; and an off set region with a
width of 1 um, and without an overlap region of the source
electrode and a gate electrode; and an overlap region of the
drain electrode and the gate electrode is used as an example of
the transistor 212. Providing the off set region can reduce
parasitic capacitance. Six types of transistors, which are dif-
ferent in channel length I and channel width W, are used as
the transistors 212 (see Table 1).

TABLE 1
Channel length L[pm] Channel width W [um]
Type 1 1.5 1x10°
Type 2 3 1x10°
Type 3 10 1x10°
Type 4 1.5 1x10°
Type 5 3 1x10°
Type 6 10 1x10°
[0234] By separately providing a charge injecting transistor

and a leakage current evaluating transistor as shown in FIG.
16, the leakage current evaluating transistor can be kept off at
the time of charge injection. When the charge injecting tran-
sistor is not provided, the leakage current evaluating transis-
tor needs to be turned on at the time of charge injection. In this
case, if the leakage current evaluating transistor is an element
that requires long time to turn into a steady off-state from the
on-state, the measurement requires long time.

[0235] Inaddition, by separately providing a charge inject-
ing transistor and a leakage current evaluating transistor, each
of these transistors can be of the proper size. Further, by
making the channel width W of the leakage current evaluating
transistor larger than that of the charge injecting transistor, the
leakage current of the TEG except for the leakage current
evaluating transistor can be made relatively low. As a result,
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the leakage current of the leakage current evaluating transis-
tor can be measured with great accuracy. Further, the leakage
current evaluating transistor does not need to be turned on at
the time of charge injection, preventing the influence of fluc-
tuations in the voltage of the node A caused by part of the
charge in the channel formation region of the leakage current
evaluating transistor flowing into the node A.

[0236] On the other hand, by making the channel width W
of the charge injecting transistor smaller than that of the
leakage current evaluating transistor, the leakage current of
the charge injecting transistor can be made relatively low.
Further, fluctuations in the voltage of the node A caused by
part of the charge in the channel formation region of the
leakage current evaluating transistor flowing into the node A
at the time of charge injection are not influential.

[0237] In addition, by connecting the plurality of systems
of measurement in parallel as shown in FIG. 16, the leakage
current of the TEG can be calculated with greater accuracy.
[0238] Next, a method for calculating the off-state current
of an example of the transistor of Example 1 with the use of
the TEG shown in FIG. 16 will be described.

[0239] First,a method for calculating the leakage current of
the TEG shown in FIG. 16 will be described with referent to
FIG. 17. FIG. 17 is a timing diagram used to describe the
method for calculating the leakage current of the TEG shown
in FIG. 16.

[0240] In the method for calculating the leakage current
with the use of the TEG shown in FIG. 16, a period is divided
into a write period and a holding period. Operations per-
formed in these periods will be described below.

[0241] First, in a write period, a voltage VL (-3 V) that
turns off the transistor 212 is input as the voltage Vext_b.
Further, a write voltage Vw is input as the voltage V1, and
then a voltage VH (5 V) that keeps the transistor 211 on for a
predetermined period is input as the voltage Vext_a. Conse-
quently, charge is stored on the node A, so that the voltage of
the node A becomes equivalent to the write voltage Vw. In the
next step, the voltage VL that turns off the transistor 211 is
input as the voltage Vext_a. Then, a voltage VSS (0V) is input
as the voltage V1.

[0242] In a subsequent holding period, the amount of
change in the voltage of the node A caused by a change in the
amount of charge stored on the node A is measured. A current
flowing between a source electrode and a drain electrode of
the transistor 212 can be calculated from the amount of
change in the voltage. Thus, charge can be stored on the node
A, and the amount of change in the voltage of the node A can
be measured.

[0243] At that time, the storage of charge on the node A and
the measurement of the amount of change in the voltage of the
node A (also referred to as storage and measurement opera-
tion) are repeatedly performed. First, first storage and mea-
surement operation is repeated 15 times. In the first storage
and measurement operation, a voltage of 5V is input as the
write voltage Vw in a write period, and held for an hour in a
holding period. Next, second storage and measurement
operation are repeated twice. In the second storage and mea-
surement operation, a voltage of 3.5 V is input as the write
voltage Vw in a write period, and held for 50 hours in a
holding period. Then, third storage and measurement opera-
tion is performed once. In the third storage and measurement
operation, a voltage of 4.5V is input as the write voltage Vw
in a write period, and held for 10 hours in a holding period. It
is possible to confirm if a measured current value is a value
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supposed to be obtained at the steady state by repeating the
storage and measurement operations. In other words, it is
possible to remove a transient (a current decreasing with time
after the start of the measurement) from I, (current flowing
through the node A). As a result, the leakage current can be
measured with greater accuracy.

[0244] In general, V, (the voltage of the node A) can be
measured as a function of Vout (output voltage) and expressed
by the equation (1).

vV ,=F(Vout) (6]

[0245] Q, (the electric charge stored on the node A) can be
expressed by the equation (2) using V, (the voltage of the
node A), C, (the capacitance of the capacitor connected to the
node A), and a constant (const). Here, C, (the capacitance of
the capacitor connected to the node A) is the sum of the
capacitance of the capacitor 213 and capacitance except the
capacitance of the capacitor 213 (e.g. the capacitance of the
output circuit 103).

04=C4V s+const 2)
[0246] 1, (current flowing through the node A) is the time
derivatives of a charge flowing to the node A (or charge

flowing from the node A), so that the 1, (current flowing
through the node A) is expressed by the equation (3).

;2 80a _ Ca-AF(Voun 3)
AT A T Ar
[0247] Note that here, as an example, At is about 54000 sec.

1, (current flowing through the node A) can be determined
from C (the capacitance of the capacitor connected to the
node A) and Vout (output voltage) in this manner, so that the
leakage current of the TEG can be determined.

[0248] Next, measurement results of the output voltage
given by the measurement method using the TEG; and the
leakage current of the TEG calculated from the measurement
results will be shown.

[0249] FIG. 18 shows, as an example, a relation between
elapsed time Time and Vout (output voltage) in the measure-
ment (the first storage and measurement operation) with type
1, type 2, and type 3. FIG. 19 shows a relation between the
elapsed time Time and the leakage current calculated by the
measurement in the measurement. FIG. 18 shows that Vout
(output voltage) fluctuates after the start of the measurement
and 10 hours or more are needed for the transistors to go into
the steady state.

[0250] FIG. 20 shows a relation between the voltage of the
node A and the leakage current of Types 1 to 6, which relation
is estimated by the measurement. In FIG. 20, in the case of
Type 4 for example, the leakage current is 28 yA/ium when the
voltage ofthe node A is 3.0 V. Since the off-state current of the
transistor 212 is included in the leakage current, the off-state
current of the transistor 212 can be also regarded as 28 yA/um
or less.

[0251] As described above, the leakage current of the TEG
using a transistor having a highly-purified oxide semiconduc-
tor layer serving as a channel formation layer is sufficiently
low, which means that the off-state current of the transistor is
sufficiently low.
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[0252] This application is based on Japanese Patent Appli-
cation serial No. 2010-104032 filed with Japan Patent Office
on Apr. 28, 2010, the entire contents of which is hereby
incorporated by reference.

1. A display device comprising:

a first color light source and a second color light source;

pixels configured to control transmission of light emitted
by the first color light source and the second color light
source, and comprising a first sub-pixel with a color
filter and a second sub-pixel configured to control only
intensity of transmitted light;

a display switch circuit configured to switch the display
device between a moving image mode and a still image
mode; and

a display control circuit configured to control light trans-
mittance of the pixels, luminance of the first color light
source in the moving image mode, and luminance of the
second color light source in the still image mode, in
accordance with an image signal.

2. A display device according to claim 1,

wherein the pixels include liquid crystals.

3. A display device according to claim 1,

wherein the first color light source is one of a red light
source, a green light source and a blue light source; and

wherein the second color light source is one of a white light
source and a yellow light source.

4. A display device according to claim 1, the display con-

trol circuit further comprising:

an image signal converter circuit configured to convert the
image signal to a second image signal to be input to the
first sub-pixel and to the second sub-pixel;

a moving image display control circuit configured to con-
trol light transmittance of the pixels and luminance of
the first color light source in the moving image mode, in
accordance with the second image signal; and

a still image display control circuit configured to control
light transmittance of the pixels and luminance of the
second color light source in the still image mode, in
accordance with the second image signal.

5. A display device according to claim 4, the display con-

trol circuit further comprising:

a moving image timing signal generator circuit configured
to control the pixels so that the pixels can display an
image based on the second image signal in the moving
image mode by using a plurality of write periods; and

a still image timing signal generator circuit configured to
control the pixels so that the pixels can display an image
in the still image mode by using write periods and hold-
ing periods.

6. A display device according to claim 5,

wherein the holding periods last for one minute or more.

7. A display device according to claim 1, the display switch

circuit further comprising:

a memory circuit configured to store successive image
signals; and

a comparator circuit configured to judge whether the suc-
cessive image signals are to display a moving image or a
still image.

8. A display device according to claim 1, further compris-

ing:

an external switch unit configured to switch the display
device between the moving image mode and the still
image mode.
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9. A display device according to claim 1, further compris-
ing a signal line driver circuit and a scan line driver circuit,

wherein the display device is configured to stop operation
of the signal line driver circuit and the scan line driver
circuit during a holding period.

10. A display device according to claim 1,

wherein the first sub-pixel and the second sub-pixel each
include an oxide semiconductor layer.

11. A display device according to claim 1, wherein the first
color light source and the second color light source are light-
emitting diodes.

12. An electronic appliance including the display device
according to claim 1.

13. A liquid crystal display device comprising:

a backlight area including first light sources of red light,
green light and blue light, and second light sources of
one of white light and yellow light;

a display panel provided with pixels configured to control
transmission of light emitted by the first light sources
and the second light sources, and comprising a first
sub-pixel with a red color filter, a second sub-pixel with
a green color filter, a third sub-pixel with a blue color
filter and a fourth sub-pixel configured to control only
intensity of transmitted light;

a display switch circuit configured to switch the display
panel between a moving image mode and a still image
mode; and

a display control circuit configured to control light trans-
mittance of the pixels, luminance of the first light
sources in the moving image mode, and luminance of the
second light sources in the still image mode, in accor-
dance with an image signal.

14. A liquid crystal display device according to claim 13,

wherein the pixels include liquid crystals.

15. A liquid crystal display device according to claim 13,

the display control circuit further comprising:

an image signal converter circuit configured to convert the
image signal to a second image signal to be input to the
first to fourth sub-pixels;

a moving image display control circuit configured to con-
trol light transmittance of the pixels and luminance of
the first light sources in the moving image mode, in
accordance with the second image signal; and

a still image display control circuit configured to control
light transmittance of the pixels and luminance of the
second light sources in the still image mode, in accor-
dance with the second image signal.

16. A liquid crystal display device according to claim 15,

the display control circuit further comprising:

a moving image timing signal generator circuit configured
to control the pixels so that the pixels can display an
image based on the second image signal in the moving
image mode by using a plurality of write periods; and

a still image timing signal generator circuit configured to
control the pixels so that the pixels can display an image
in the still image mode by using write periods and hold-
ing periods.

17. A liquid crystal display device according to claim 16,

wherein the holding periods last for one minute or more.

18. A liquid crystal display device according to claim 13,
the display switch circuit further comprising:

a memory circuit configured to store successive image

signals; and
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a comparator circuit configured to judge whether the suc-
cessive image signals are to display a moving image or a
still image.

19. A liquid crystal display device according to claim 13,

further comprising:

an external switch unit configured to switch the liquid
crystal display device between the moving image mode
and the still image mode.

20. A liquid crystal display device according to claim 13,
further comprising a signal line driver circuit and a scan line
driver circuit;

wherein the liquid crystal display device is configured to
stop operation of the signal line driver circuit and the
scan line driver circuit during a holding period.

21. A liquid crystal display device according to claim 13,

wherein the first to fourth sub-pixels each include an oxide
semiconductor layer.

22. A liquid crystal display device according to claim 13,
wherein the first light sources and the second light sources are
light-emitting diodes.

23. An electronic appliance including the liquid crystal
display device according to claim 13.

24. A display device comprising:

a display panel comprising pixels configured to control

light transmission;

a display control switch circuit;

a moving image display control circuit electrically con-
nected to the display panel; and

a still image display control circuit electrically connected
to the display panel,

wherein the display control switch circuit is configured to
input a first signal into one of the moving image display
control circuit and the still image display control circuit,
in accordance with a second signal.

25. A display device according to claim 24, further com-

prising:

a display switch circuit configured so that the first signal
and the second signal originate from the display switch
circuit, and electrically connected to the display control
switch circuit.

26. A display device according to claim 24, further com-

prising:
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a backlight area comprising a first color light source and a

second color light source; and

a first sub-pixel with a color filter and a second sub-pixel

configured to control only intensity of transmitted light
in the pixels,

wherein the moving image display control circuit and the

still image display control circuit are electrically con-
nected to the backlight area.

27. A display device according to claim 24,

wherein the pixels include liquid crystals.

28. A display device according to claim 26,

wherein the first color light source is one of a red light

source, a green light source and a blue light source; and
wherein the second color light source is one of a white light
source and a yellow light source.

29. A display device according to claim 25, the display
switch circuit further comprising:

a memory circuit configured to store successive image

signals; and

a comparator circuit configured to compare the successive

image signals.

30. A display device according to claim 24, further com-
prising:

an external switch unit configured to switch the display

device between a moving image mode and a still image
mode.

31. A display device according to claim 24, further com-
prising a signal line driver circuit and a scan line driver circuit,

wherein the display device is configured to stop operation

of the signal line driver circuit and the scan line driver
circuit during a holding period.

32. A display device according to claim 24,

wherein the pixels each include an oxide semiconductor

layer.

33. A display device according to claim 26, wherein the
first color light source and the second color light source are
light-emitting diodes.

34. An electronic appliance including the display device
according to claim 24.

* * #* ok %



LR EH(F)

[ i (S RIR) A ()
e (S IR) A (%)
S 3T H (B FIR) A (F)

FRI& B A

RN

L 5E4X
H 2T SR
S\ EREERE

BEX)

RBETEKENBFRE
US20110267381A1 AT () B
US13/094378 i

R 4t SRR ST T

FSRERTFAIERLFE.

¥ SRR AIERLE.

YAMAZAKI SHUNPEI
KOYAMA JUN

YAMAZAKI, SHUNPEI
KOYAMA, JUN

G09G3/36 G09G5/10

patsnap

2011-11-03

2011-04-26

G09G3/006 GO2F1/133603 G09G3/3426 G09G3/3607 G09G2300/0452 G09G2320/0261 G09G2320
/062 G09G2320/0646 G09G2320/066 G09G2320/0666 G09G2320/103 G09G2330/021 G09G2340/06
G09G2360/16 G09G2380/14 HO1L27/12 HO1L27/1225 G09G3/3413

2010104032 2010-04-28 JP

uUS9019320

Espacenet USPTO

—MNEWREH -FXIVEDENSCEN B NEBILFGRTENE TR

&, —HEREE K 9 ETER , REASZIMEE , 81MBECE
REBENTEHE , URATESAXEHNF&
REAXGEFLE  f6  EeNaertFBeRER , BTE
R EGEA N EEREEN 2B THRERER AR EREGEE , &
EEHEGEAPEFHNSEETLAXFINLE , FEMNERKLRNT
E, 6 AREH IEGEXTRHRETXTHABXRNRERX, ,

BRI  ZeNE

7

]

_

%

111 110

%
7
7

.

.

Wi = W
75704257 " -
’ 7
AN
<. 77

'f/' 7 -'/“,/ _»,r;,_ L —_r 77_:,‘ ;

7
:/Z'

7

]


https://share-analytics.zhihuiya.com/view/cb60c562-bdd1-45ca-b13e-b28417f5a1df
https://worldwide.espacenet.com/patent/search/family/044857917/publication/US2011267381A1?q=US2011267381A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220110267381%22.PGNR.&OS=DN/20110267381&RS=DN/20110267381

