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(57) Abstract: An object of the invention isto suppress degradation in image quality of aliquid crystal display device which per-
forms display by field sequential method and to reduce power consumption of a backlight. The highest brightness of a first color
light in a pixel region is detected. Gamma correction is performed so that transmittance of a pixel of the region displaying the
highest brightness of the first color light is set to maximum and transmittance of other pixel of the region is decreased in accor-
dance with lowering of the first color light intensity, and the region isirradiated with the highest brightness of the first color light.
Similarly, a second color light is irradiated in another region concurrently with irradiation of the first color, whereby input of an
image signal and lighting of the backlight are performed simultaneously in every region of the pixel portion.
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DESCRIPTION

LIQUID CRYSTAL DISPLAY DEVICEAND METHOD FOR DRIVING LIQUID
CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD
[0001]

The present invention relates to a method for driving a liquid crystal display
device. In particular, the present invention relates to afield-sequential driving method

of aliquid crystal display device.

BACKGROUND ART
[0002]

A color filter method and a field sequential method are known as display
methods for liquid crystal display devices. In aliquid crystal display device in which
images are displayed by a color filter method, a plurality of subpixels each having a
color filter that only transmits light with a wavelength of a given color (e.g., red (R),
green (G), or blue (B)) are provided in each pixel. A desired color is produced in such
a manner that trahsmission of white light is controlled in each subpixel and a plurality
of colors are mixed in each pixel. On the other hand, in aliquid crystal display device
in which images are displayed by afield sequential method, a plurality of light sources
that emit lights of different colors (e.g., red (R), green (G), and blue (B)) are provided.
A desired color is expressed in such amanner that the plurality of light sources that emit
lights of different colors repeatedly blinks and transmission of light of each color is
controlled in each pixel. In other words, according to the color filter method, a desired
color is realized with division of the area of one pixel into plural areas for respective
lights of colors, according to the field-sequential method, a desired color is realized
with division of the display period into plura display periods for respective lights of
colors.

[0003]

The liquid crystal display device in which images are displayed by a field

sequential method has the following advantages over the liquid crystal display device in
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which images are displayed by acolor filter method. First, in the liquid crystal display
device employing afield sequential method, it is not necessary to provide subpixelsin a
pixel. Thus, the aperture ratio can be improved or the number of pixels can be
increased. In addition, in the liquid crystal display device employing afield sequential
method, it is not necessary to provide a color filter. That is, loss of light due to light
absorption in the color filter does not occur. Therefore, transmittance can be improved
and power consumption can be reduced.

[0004]

Patent Document 1 discloses a liquid crystal display device in which images
are displayed by afield sequential method.  Specifically, Patent Document 1 discloses
a liquid crystal display device in which pixels each include a transistor for controlling
input of an image signal, a signal storage capacitor for holding the image signal, and a
transistor for controlling transfer of electric charge from the signal storage capacitor to a
display pixel capacitor. In the liquid crystal display device having this structure, input
of an image signal to the signal storage capacitor and display corresponding to electric
charge held in the display pixel capacitor can be performed at the same time.

[0005]

Patent Document 2 discloses a liquid crystal display device in which power
consumed by alight source of abacklight (also referred to as a backlight source) can be
reduced. Specifically, Patent Document 2 discloses a liquid crystal display device
which includes a maximum value detection circuit which detects each of maximum
values of color tones for R, G, and B in one screen (one field) and a backlight source
which emits light of colors of R, G, and B in accordance with image signals so that the
light of the emission colors does not overlap with each other.

[0006]

In the above liquid crystal display device, a pixel for displaying a color tone
having the highest brightness detected by the maximum value detection circuit has the
highest aperture ratio (or the highest liquid crystal deflection angle), and display for this
pixel is performed by control of brightness of the backlight source in accordance with
the detected color tone having the highest brightness. Further, the aperture ratio (of
liquid crystal deflection angle) of another pixel for displaying another color tone is

controlled in accordance with a difference with the color tone having the highest
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brightness. In one screen (one field), the backlight source is operated in accordance
with brightness of the color tone having the highest brightness of each of colors of R, G,
and B, whereby power consumption can be reduced.

[Reference]

[0007]

[Patent Document 1] Japanese Published Patent Application No. 2009-042405

[Patent Document 2] Japanese Published Patent Application No. 2006-047594

DISCLOSURE OF INVENTION
[0008]

As described above, in the field-sequential liquid crystal display device, color
information is time-divided. Thus, display viewed by a user might be changed
(deviated) from display based on origina display data (such a phenomenon is also
referred to as color break or color breakup) due to lack of given display data which is
caused by block of display in a short time (e.g., eye blinking of the user).

[0009]

In a liquid crystal display device expressing color tones by control of
transmission of light emitted from a backlight source with use of an image signal,
energy emitted from the backlight source is wasted. Thus, the liquid crystal display
device disclosed in Patent Document 2 in which the pixels and the backlight source are
operated in accordance with brightness of the color tones having the highest brightness
for each of R, G, and B in one screen (one field), has a certain level of effect in a
reduction in power consumption. However, in the case where in even one pixel in one
screen (one field), the maximum value detection circuit detects a color tone which
corresponds to the maximum luminance of the backlight source, the backlight source
needs to emit light with the maximum luminance regardless of color tones in the other
regions in the one screen.  As aresult, in such a case, power consumption cannot be
reduced. In other words, the effect is produced only when the color tone which needs
the maximum luminance of light from the backlight is not detected in the whole screen.
[0010]

An object of one embodiment of the present invention is to suppress

degradation in image quality of a field-sequential liquid crystal display device and
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reduce power consumption of abacklight, effectively.
[0011]

In order to achieve the above object, the present inventors focus on frequency
of an image signa input to aliquid crystal display device driven by a field sequential
method, and on light transmittance of a pixel for displaying a color tone having the
highest brightness in each frame. Pixels and backlights arranged in matrix are divided
into aplurality of regions in the row direction and an image signal is input, whereby an
input frequency of the image signal to each pixel isincreased. In addition, a signal of
a color tone having the highest brightness is detected from the image signal for
expressing a first color displayed on one region, and gamma correction of the image
signal is performed so that transmittance of a pixel for displaying the signa is set to a
maximum and transmittance of pixels with a lower color tone than the pixel for
displaying the signal is decreased in accordance with lowering of the color tone. Then,
in the one region light of the first color may be emitted with use of the backlight, so that
display corresponding to the original image signa is performed on the pixel.  Further,
by a method similar to the method performed in the one region, gamma correction of
the image signal is performed for another region, and by control of the backlight, in the
other region light of another color is emitted concurrently with light emission of the first
color in the one region. As described above, the pixel portion is divided into a
plurality of regions, and in each region, gamma cbrrection in accordance with the
detected image signa of a color tone having the highest brightness and control of the
backlight are performed, whereby display is performed by changing color sequentially
to display colors different between regions.

[0012]

In other words, one embodiment of the present invention is a method for
driving aliquid crystal display device including pixels arranged in a matrix of M rows
by N columns (m and N are natural numbers greater or than equal to 4) and a backlight
panel provided behind the pixels. The driving method includes the following steps in
an input period of afirst color image signal for controlling transmittance of light of a
first color for pixels provided in first tovl-th rows of the matrix (A is a natural number

less than or equal to mil) and a second color image signa for controlling transmittance
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of light of a second color for pixels provided in (A+l)-th to 24-th rows of the matrix.
One step consists in treating and outputting the first color image signal for controlling
transmittance of light of the first color to the pixels of the first to 5-th rows (B is a
natural number less than or equal toA/2). The treatment is performed by detecting afirst
color maximal image signal of afirst color tone having the highest brightness from the
first color image signal for controlling transmittance of light of the first color of the first
to .B-th rows with use of a maximum value detection circuit, and by applying gamma
correction to the first color image signa so that transmittance of a first pixel for
displaying the first color maximal image signal is set to maximum and transmittances of
pixels for displaying color tones lower than the first color tone having the highest
brightness are decreased in accordance with lowering of the lower color tones.
Another step consists in treating and outputting the second color image signal for
controlling transmittance of light of the second color to the pixels provided in (A+l)-th
to (A+B)-th rows. The treatment is performed by detecting a second color maximal
image signal of a second color tone having the highest brightness from the image signal
for controlling transmittance of light of the second color input to the pixels of the
watl)-th to (A+B)-th rows with use of a maximum value detection circuit, and by
applying gamma correction to the second color image signal so that transmittance of a
second pixel for displaying the second color maximal image signal is set to maximum
and transmittances of pixels for displaying color tones lower than the second color tone
having the highest brightness are decreased in accordance with lowering of the lower
color tones. Then, a step of the driving method following the above steps comprises
light emission by the backlight panel for the pixels of the first to 5-th rows with light of
the first color with an intensity such that a color tone corresponding to the first image
signal is displayed by the first pixel, concurrently with light emission by the backlight
panel for the pixels in the (4+1)-th to (A+B)-th rows with light of the second color with
an intensity such that a color tone corresponding to the second image signal is displayed
by the second pixel.
[0013]

According to the above one embodiment of the present invention, pixels

arranged in matrix of m rows by n columns are divided into regions, and aliquid crystal
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panel is driven by applying a field-sequential method to each region. Further, gamma
correction is performed so that transmittance of aliquid crystal element for displaying
a color tone having the highest brightness in each region is set to maximum, and light
intensity of the backlight is controlled. Thus, image display in which color break is
suppressed and quality is increased can be achieved, and in addition, power
consumption of the liquid crystal display device can be reduced effectively.
[0014]

One embodiment of the present invention is a method for driving a liquid
crystal display device including pixels arranged in a matrix of mrows by n columns (m
and n are natural numbers greater or than equal to 4) and a backlight panel provided
behind the pixels. The driving method includes the following steps in an input period
of a first color image signal for controlling transmittance of light of a first color of
pixels provided in first to A-th rows of the matrix (A is a natural number less than or
equal to mil) and a second color image signal for controlling transmittance of light of a
second color of pixels provided in (A+\)-th to 24-th rows of the matrix. One step
consists in treating and outputting the image signal for controlling transmittance of light
of the first color to afirst region which isone of p (p is anatural number greater than or
equal to 2) regions into which the pixels of the first to A-th rows are divided. The
treatment is performed by detecting a first image signal of afirst color tone having the
highest brightness from the image signal for controlling transmittance of light of the
first color with use of a maximum value detection circuit, and by applying gamma
correction to the first color image signal so that transmittance of a first pixel for
displaying the first image signal is set to maximum and transmittances of pixels for
displaying color tones lower than the first color tone having the highest brightness are
decreased in accordance with lowering of the lower color tones. | Another step consists
in treating and outputting the image signal for controlling transmittance of light of the
second color to a second region which is one of q (q is anatural number greater than or
equal to 2) regions in which the pixels in the (4+l)-th to 24-th rows are divided. The
treatment is performed by detecting a second image signal of a second color tone having
the highest brightness from the image signal for controlling transmittance of light of the

second color with use of the maximum value detection circuit, and by applying gamma
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correction to the second color image signal so that transmittance of a second pixel for
displaying the second image signal is set to maximum and transmittances of pixels for
displaying color tones lower than the second color tone having the highest brightness
are decreased in accordance with lowering of the lower color tones. Then, a step of the
driving method following the above steps consists in emitting light of the first color in
the pixels of thep regions so asto display a color tone corresponding to the first image
signal in the first pixel having the highest transmittance in the first region with use of a
first pulse width modulation circuit connected to light sources lighting the p regions
independently, at a duty ratio lower than or equal to V({p-1), and emitting light of the
second color in the pixels of the g regions so asto display acolor tone corresponding to
the second image signal in the second pixel having the highest transmittance in the
second region with use of a second pulse width modulation circuit connected to light
sources lighting the g regions independently, a a duty ratio lower than or equal to
1/(9-1)-

[0015]

According to the above one embodiment of the present invention, a plurality of
pixels arranged in a matrix of m rows by n columns are divided into a plurality of
regions, and a liquid crystal panel including the plurality of regions is driven by a
field-sequential method.  Further, gamma correction is performed so that transmittance
of aliquid crystal element for displaying a color tone having the highest brightness in
each region is set to maximum, and light intensity of the backlight is controlled. Thus,
image display in which color break is suppressed and quality is increased can be
achieved, and in addition, power consumption of the liquid crystal display device can be
reduced effectively.

[0016]

Moreover, the liquid crystal display device including a plurality of pixels
arranged in matrix of mrows by n columns (m and n are natural numbers greater than or
equal to 4) and a backlight provided behind the plurality of pixels can be driven with a
small number of power supply circuits; thus, the number of components of the liquid
crystal display device can be reduced.

[0017]
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Further, one embodiment of the present invention is a method for driving the
liquid crystal display device including a backlight in which an LED (Light Emitting
Diode) is employed as alight source.

[0018]

According to the one embodiment of the present invention, an LED with high
response to an input signal and high emission efficiency is employed as a light source of
the backlight.  Thus, the color break and power consumption can be reduced.

[0019]

Further, one embodiment of the present invention is a method for driving the
liquid crystal display device including a backlight which is turned on and off with a
frequency higher than or equal to 100 Hz and lower than or equal to 10 GHz.

[0020]

According to the one embodiment, the liquid crystal display device can be
driven at high speed so that light emitted from the light source used for the backlight is
not recognized by human eyes. Thus, a cause of eye strain such as a flicker can be
reduced.

[0021]

According to the liquid crystal display device which is one embodiment of the
present invention, input of an image signa and lighting of a backlight are not performed
sequentialy in the whole pixel portion, but can be performed sequentially in every
given region of the pixel portion, simultaneously in every region. Thus, the frequency
of input of an image signal to each pixel of the liquid crystal display device can be
increased. As aresult, display degradation caused in the liquid crystal display device
such as color break can be suppressed, and the quality of an image can be improved.
In addition, an image signal of acolor tone having the highest brightness included in the
image signals is detected every given region in the pixel portion, whereby the intensity
of light from the backlight source can be controlled precisely. As a result, power

consumption of the liquid crystal display device can be reduced effectively.

BRIEF DESCRIPTION OF DRAWINGS
[0022]
FIG. 1A illustrates a structural example of a liquid crystal display device, and



10

15

20

25

30

WO 2012/002165 PCT/JP2011/063855

FIG. | B illustrates a configuration example of a pixel.

FIG. 2A illustrates a configuration example of a scan line driver circuit, FIG. 2B
isatiming chart showing an example of signals for the scan line driver circuit, and FIG.
2C illustrates a configuration example of a pulse output circuit.

FIG. 3A is acircuit diagram illustrating an example of a pulse output circuit,
and FIGS. 3B to 3D are timing charts each showing an operation example of the pulse
output circuit.

FIG. 4A illustrates a configuration example of a signa line driver circuit, and
FIG. 4B illustrates an operation example of the signal line driver circuit.

FIGS. 5A and 5B illustrate a structural example of abacklight.

FIG. 6illustrates an operation example of aliquid crystal display device.

FIGS. 7A and 7B are circuit diagrams illustrating examples of a pulse output
circuit.

FIGS. 8A and 8B are circuit diagrams illustrating examples of a pulse output
circuit. '

FIG. 9illustrates an operation example of aliquid crystal display device.

FIG. 10 illustrates an operation example of aliquid crystal display device.

FIG 11illustrates an operation example of aliquid crystal display device.

FIG. 12 illustrates an operation example of aliquid crystal display device.

FIG. 13 illustrates an operation example of aliquid crystal display device.

FIG. 14 illustrates an operation example of aliquid crystal display device.

FIG. 15 illustrates an operation example of aliquid crystal display device.

FIG. 16 illustrates a structure of aliquid crystal display device.

FIGS. 17A to 17D each illustrates a specific example of atransistor.

FIG. 18 isatop view illustrating a specific example of alayout of apixel.

FIG. 19 isacross-sectiona view illustrating the specific example of alayout of
apixel.

FIG. 20A is atop view illustrating a specific example of aliquid crystal display
device, and FIG. 20B is across-sectional view thereof.

FIG. 21 is a perspective view illustrating a specific example of aliquid crystal
display device.

FIGS. 22Ato 22F illustrate examples of electronic devices.
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FIGS. 23A to 23E and 23C to 23E' illustrate one mode of a substrate used in a
liquid crystal display device.
FIGS. 24A to 24C illustrate an example of aliquid crystal display device.

BEST MODE FOR CARRYING OUT THE INVENTION
[0023]

Embodiments will be described in detail with reference to the accompanying
drawings. Note that the present invention is not limited to the following description,
and it will be easily understood by those skilled in the art that various changes and
modifications can be made without departing from the spirit and scope of the invention.
Therefore, the present invention should not be construed as being limited to the
description in the following embodiments.  Note that in the structures of the invention
described below, the same portions or portions having similar functions are denoted by
the same reference numerals in different drawings, and description of such portions is
not repeated.

[0024]
(Embodiment 1)

In this embodiment, aliquid crystal display device which is one embodiment of
the present invention will be described with reference to FIGS. |Aand 1B, FIGS. 2Ato
2C, FIGS. 3A to 3D, FIGS. 4A and 4B, FIGS. 5A and 5B, and FIG. 6.

[0025]
<Structural Example of Liquid Crystal Display Device >

FIG. 1A illustrates a structural example of aliquid crystal display device. The
liquid crystal display device illustrated in FIG. 1A includes a pixel portion 10, a scan
line driver circuit 11, asignal line driver circuit 12, m scan lines 13 arranged in parallel
or in substantialy parallel to each other, whose potentials are controlled by the scan line
driver circuit 11, and n signal lines 14 arranged in parallel or substantialy in parallel to
each other, and whose potentials are controlled by the signal line driver circuit 12. The
pixel portion 10 is divided into three regions (regions 101 to 103), and each region
includes a plurality of pixels arranged in a matrix. Each scan lines 13 is electrically

connected to n pixels in each row, among the plurality of pixels arranged in matrix of m
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rows by n columns in the pixel portion 10. In addition, each signa line 14 is
electrically connected to m pixels in each column, among the plurality of pixels
arranged in the matrix of them rows by the n columns.
[0026] |

FIG. | B illustrates an example of a circuit configuration of a pixel 15 included
in the liquid crystal display device illustrated in FIG. 1A. The pixel 15 in FIG. IB
includes atransistor 16, a capacitor 17, and a liquid crystal element 18. A gate of the
transistor 16 is electrically connected to the scan line 13. One of a source and a drain
of the transistor 16 is electrically connected to the signal line 14. One electrode of the
capacitor 17 is electrically connected to the other of the source and the drain of the
transistor 16. The other electrode of the capacitor 17 is electrically connected to a
wiring (also referred to as a capacitor line) that supplies a capacitor potential. One
electrode (aso referred to as a pixel electrode) of the liquid crystal element 18 is
electrically connected to the other of the source and the drain of the transistor 16 and the
one electrode of the capacitor 17. The other electrode (also referred to as a counter
electrode) of the liquid crystal element 18 is electrically connected to a wiring that
supplies a counter potential. The transistor 16 is an n-channel transistor. The
capacitor potential and the counter potential can be the same potential.
[0027]
<Structural Example of Scan Line Driver Circuit 11>

FIG. 2A illustrates a structural example of the scan line driver circuit 11
included in the liquid crystal display device in FIG. 1A. The scan line driver circuit 11
shown in FIG. 2A includes: wirings for supplying first to fourth clock signals (GCK1 to
GCK4) for the scan line driver circuit; wirings for supplying first to sixth pulse-width
clock signals (PWC1 to PWC6); and a first pulse output circuit 20 1 which is
electrically connected to the scan line 13 in the first row to am-th pulse output circuit
20 w which is electrically connected to the scan line 13 in the w-th row. In this
example, the first pulse output circuit 20 1 to the k- pulse output circuit 20 & (k isless
than mi2 and amultiples of 4) are electrically connected to the scan lines 13 provided in
the region 101; the (&+l)-th pulse output circuit 20  (k+1) to the 2£-th pulse output
circuit 20 _2£ are electricaly connected to the scan lines 13 provided in the region 102;
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and the (2£+1)-th pulse output circuit 20 _ (2k+l) to the m-th pulse output circuit 20_m
are electrically connected to the scan lines 13 provided in the region 103. The first
pulse output circuit 20 1 to the m-th pulse output circuit 20_m are configured to shift a
shift pulse sequentially per shift period in response to a start pulse (GSP) for the scan
line driver circuit which is input into the first pulse output circuit 20_1. Further, a
plurality of shift pulses can be shifted in the first pulse output circuit 20 1 to the m-th
pulse output circuit 20_m concurrently.  That is, even in aperiod in which a shift pulse

is shifted in the first pulse output circuit 20 1 to the m-th pulse output circuit 20_m, the

- start pulse (GSP) can beinput to the first pulse output circuit 20 1.

[0028]

FIG. 2B illustrates an example of specific waveforms of the above-described
signals. The first clock signal (GCK1) in FIG. 2B periodicaly repeats a high-level
potential (high power supply potentia (Vdd)) and a low-level potential (low power
supply potential (Vss)), and has aduty ratio of 1/4.  Further, the second scan line driver
circuit clock signal (GCK?2) is shifted from the first scan line driver circuit clock signal
(GCK1) by 1/4 of its cycle, the third scan line driver circuit clock signal (GCK3) is
shifted from the first scan line driver circuit clock signal (GCK1) by 1/2 of its cycle, and
the fourth scan line driver circuit clock signal (GCK4) is shifted from the first scan line
driver circuit clock signa (GCK1) by 3/4 of its cycle. The first pulse-width control
signal (PWCI) periodicaly repeats the high-level potential (high power supply potential
(Vdd)) and the low-level potential (low power supply potential (Vss)), and has a duty
ratio of 1/3. The second pulse-width control signal (PWC?2) is a signal whose phase is
deviated by 1/6 period from the first pulse-width control signa (PWCI); the third
pulse-width control signal (PWC3) is a signal whose phase is deviated by 1/3 period
from the first pulse-width control signal (PWCI); the fourth pulse-width control signal
(PWC4) is a signa whose phase is deviated by 1/2 period from the first pulse-width
control signal (PWCI); the fifth pulse-width control signal (PWC5) is a signal whose
phase is deviated by 2/3 period from the first pulse-width control signal (PWCI); and
the sixth pulse-width control signal (PWC6) is a signal whose phase is deviated by 5/6
period from the first pulse-width control signal (PWCI). In this example, the ratio of
the pulse width of each of the first clock signal (GCK1) to the fourth clock signal
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(GCK4) to the pulse width of each of the first pulse-width control signal (PWCI) to the
sixth pulse-width control signal (PWCS6) is 3:2.
[0029]

In the above-described liquid crystal display device, the same configuration can
be applied to the first to m-th pulse output circuits 20 1to 20 m. Note that electrical
connections of a plurality of terminals included in the pulse output circuit differ
depending on the pulse output circuits. Specific connection relation will be described
with reference to FIGS. 2A and 2C.

[0030]

Each of the first to m-th pulse output circuits 20 1to 20 _m has terminas 21 to
27. The terminals 21 to 24 and the terminal 26 are input terminals; the terminals 25
and 27 are output terminals.

[0031]

First, the terminal 21 is described. The terminal 21 of the first pulse output
circuit 20 1 is electrically connected to awiring for supplying the start signal (GSP).
The terminals 21 of the second to m-th pulse output circuits 20 2 to 20 m are
electrically connected to respective terminals 27 of their previous-stage pulse output
circuits.

[0032]

Next, the termina 22 is described. The termina 22 of the (4a-3)-th pulse
output circuit (a is anatura number equal to or less than m/4) is eectrically connected
to the wiring for supplying the first clock signal (GCK1). The terminal 22 of the
(4a-2)-th pulse output circuit is electrically connected to the wiring for supplying the
second clock signal (GCK?2). The terminal 22 of the (4al)-th pulse output circuit is
electrically connected to the wiring for supplying the third clock signal (GCK3). The
terminal 22 of the 4a-th pulse output circuit is electrically connected to the wiring for
supplying the fourth clock signal (GCK4).

[0033]

Then, the terminal 23 is described. The terminal 23 of the (4a-3)-th pulse

output circuit is electrically connected to the wiring for supplying the second clock

signa (GCK2). The terminal 23 of the (4a-2)-th pulse output circuit is electrically
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connected to the wiring for supplying the third clock signal (GCK3). The terminal 23
of the (4al)-th pulse output circuit is electrically connected to the wiring for supplying
the fourth clock signal (GCK4). The termina 23 of the 4a-th pulse output circuit is
electrically connected to the wiring for supplying the first clock signal (GCK1).

[0034]

Next, the terminal 24 is described. The terminal 24 of the (2b-1)-th pulse
output circuit (b isanatural number equal to or less than k/2) is electrically connected to
the wiring for supplying the first pulse-width control signal (PWC1). The termina 24
of the 2b-th pulse output circuit is electrically connected to the wiring for supplying the
fourth pulse-width control signal (PWC4). The terminal 24 of the (2c-)-th pulse
output circuit (c is anatura number equal to or greater than k/2+1 and equal to or less
than k) is electrically connected to the wiring for supplying the second pulse-width
control signal (PWC2). The terminal 24 of the 2c-th pulse output circuit is electrically
connected to the wiring for supplying the fifth pulse-width control signal (PWC5).
The terminal 24 of the (2d-1 )-th pulse output circuit (d is a natural number equal to or
greater than k+1 and equal to or less than m/2) is electrically connected to the wiring for
supplying the third pulse-width control signal (PWC3). The terminal 24 of the 2d-th
pulse output circuit is electrically connected to the wiring for supplying the sixth
pulse-width control signal (P\NCG).

[0035]

Then, the terminal 25 is described. The terminal 25 in the x-th pulse output
circuit (x is anatural number that ism or less) is electricaly connected to the scan line
13 x in the x-th row.

[0036]

Next, the terminal 26 is described. The terminal 26 of the y-th pulse output
circuit (y isanatura number equal to and less than m-1) is electrically connected to the
terminal 27 of the (y+l)-th pulse output circuit. The terminal 26 of the m-th pulse
output circuit is electrically connected to awiring for supplying a stop signa (STP) for
the m-th pulse output circuit. In the case where a (m+l)-th pulse output circuit is
provided, the stop signal (STP) for the m-th pulse output circuit corresponds to a signal
output from the terminal 27 of the (m+l)-th pulse output circuit. Specifically, the stop
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signal (STP) for the mth pulse output circuit can be supplied to the m-th pulse output
circuit by the (m+l)-th pulse output circuit provided as a dummy circuit or by inputting
the signal directly from the outside. |

[0037]

The connection relation of the terminal 27 in each of the pulse output circuits
has been described above. Therefore, the above description isto be referred to.
[0038]
<Structural Example of Pulse Output Circuit>

FIG. 3A .illustrates an example of the configuration of the pulse output circuit
illustrated in FIGS. 2A and 2C. A pulse output circuit illustrated in FIG. 3A includes
transistors 31 to 39.

[0039]

One of a source and a drain of the transistor 31 is electrically connected to a
wiring that supplies the high power supply potential (Vdd) (hereinafter also referred to
as a high power supply potential line). A gate of the transistor 31 is electricaly
connected to the terminal 21.

[0040]

One of a source and a drain of the transistor 32 is electrically connected to a
wiring that supplies the low power supply potential (Vss) (hereinafter also referred to as
a low power supply potentia line). The other of the source and the drain of the
transistor 32 is electrically connected to the other of the source and the drain of the
transistor 31.

[0041]

One of a source and adrain of the transistor 33 is electrically connected to the
terminal 22, the other of the source and the drain of the transistor 33 is electrically
connected to the terminal 27, and a gate of the transistor 33 is electrically connected to
the other of the source and the drain of the transistor 31 and the other of the source and
the drain of the transistor 32.

[0042]

One of asource and a drain of the transistor 34 is electrically connected to the

low power supply potential line, the other of the source and the drain of the transistor 34

is electricaly connected to the terminal 27, and a gate of the transistor 34 is electrically
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connected to a gate of the transistor 32.
[0043]

One of a source and adrain of the transistor 35 is electrically connected to the
low power supply potentia line. The other of the source and the drain of the transistor
35 is electrically connected to the gate of the transistor 32 and the gate of the transistor
34. A gate of the transistor 35 is electrically connected to the terminal 21.

[0044]

One of a source and adrain of the transistor 36 is electricaly connected to the
high power supply potential line, the other of the source and the drain of the transistor
36 is eectrically connected to the gate of the transistor 32, the gate of the transistor 34,
and the other of the source and the drain of the transistor 35. A gate of the transistor
36 is electricaly connected to the terminal 26. Note that it is possible to employ a
structure in which one of the source and the drain of the transistor 36 is electrically
connected to awiring that supplies a power supply potential (\VVcc) which is higher than
the low power supply potential (Vss) and lower than the high power supply potential
(Vdd).

[0045]

One of a source and adrain of the transistor 37 is electrically connected to the
high power supply potential line, the other of the source and the drain of the transistor
37 is eectrically connected to the gate of the transistor 32, the gate of the transistor 34,
the other of the source and the drain of the transistor 35, and the other of the source and
the drain of the transistor 36. A gate of the transistor 37 is electrically connected to the
terminal 23. Note that it is possible to employ a structure in which one of the source
and the drain of the transistor 37 is electrically connected to a wiring that supplies the
power supply potential (Vcc).

[0046]

One of a source and a drain of the transistor 38 is electrically connected to the
terminal 24, the other of the source and the drain of the transistor 38 is electrically
connected to the terminal 25, and a gate of the transistor 38 is electrically connected to
the other of the source and the drain of the transistor 31, the other of the source and the
drain of the transistor 32, and the gate of the transistor 33.

[0047]



10

15

20

25

30

WO 2012/002165 17 PCT/JP2011/063855

One of a source and a drain of the transistor 39 is electrically connected to the
low power supply potentia line, the other of the source and the drain of the transistor 39
is electrically connected to the terminal 25, and a gate of the transistor 39 is electrically
connected to the gate of the transistor 32, the gate of the transistor 34, the other of the
source and the drain of the transistor 35, the other of the source and the drain of the
transistor 36, and the other of the source and the drain of the transistor 37.

[0048]

In the following description, a node where the other of the source and the drain
of the transistor 31, the other of the source and the drain of the transistor 32, the gate of
the transistor 33, and the gate of the transistor 38 are electrically connected to each other
is referred to as a node A; a node where the gate of the transistor 32, the gate of the
transistor 34, the other of the source and the drain of the transistor 35, the other of the
source and the drain of the transistor 36, the other of the source and the drain of the
transistor 37, and the gate of the transistor 39 are electrically connected to each other is
referred to asanode B.

[0049]
<Operation Example of Pulse Output Circuit>

An operation example of the above-described pulse output circuit will be
described using FIGS. 3B to 3D. Described in this example is an operation example in
the case where timing of inputting the start pulse (GSP) for a scan line driver circuit to
the terminal 21 of the first pulse output circuit 20_1 is controlled so that shift pulses are
output from the terminals 27 of the first pulse output circuit 20_1, the (k+l)-th pulse
output circuit 20 (&+l), and the (2&+l)-th pulse output circuit 20_(2&+l) at the same
timing. Specifically, FIG. 3B illustrates potentials of signals input to each terminal in
the first pulse output circuit 20 1, and potentials of the node A and the node B when the
scan line driver circuit start pulse (GSP) is input. FIG. 3C illustrates potentials of
signals input to each terminal in the (&+l)-th pulse output circuit 20 (&+l), and the
potentials of the node A and the node B when a high-level potential is input from the
k-th pulse output circuit 20 k. FIG. 3D illustrates potentials of signals input to each
terminal in the (2&+1)-th pulse output circuit 20 _(2&+l), and the potentials of the node A

and the node B when a high-level potential is input from the 2£-th pulse output circuit
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20 2. In FIGS. 3B to 3D, the signals which are input to the terminals are each
provided in parentheses.  In addition, the signal (Gout 2, Gout k+1, Gout 2k+2) which
is output from the terminal 25 of the subsequent-stage pulse output circuit (the second
pulse output circuit 20 2, the (&+2)-th pulse output circuit 20 (&+2), the (2&+2)-th pulse
output circuit 20 (2£:+2)), and the output signa of the terminal 27 of the
subsequent-stage pulse output circuit (SRout 2: input signal of the terminal 26 of the
first pulse output circuit 20_1, SRout k+2: input signal of the terminal 26 of the (&+l)-th
pulse output circuit 20 _(A:+1), SRout 2k+2: input signal of the terminal 26 of the
(2&+1)-th pulse output circuit 20 _(2A:+1)) are also shown. Note that in FIGS. 3B to 3D,
"Gout" represents an output signal from the pulse output circuit to a scan line, and
"SRout" represents an output signal from the pulse output circuit to the
subsequent-stage pulse output circuit.

[0050]

First, using FIG. 3B, the case where the high-level potential isinput asthe start
pulse (GSP) for a scan line driver circuit to the first pulse output circuit 20 1 is
described below.

[0051]

In a period tl, the high-level potentia (high power supply potentia (Vdd)) is
input to the terminal 21. Thus, the transistors 31 and 35 are turned on. As a result,
the potential of the node A is increased to a high-level potential (a potentia that is
decreased from the high power supply potential (Vdd) by the threshold voltage of the
transistor 31), and the potential of the node B is decreased to the low power supply
potential (Vss), so that the transistors 33 and 38 are turned on and the transistors 32, 34,
and 39 are turned off. Thus, in the period tl, asigna output from the termina 27 is a
signal input to the terminal 22, and a signal output from the terminal 25 isasignal input
to the termina 24. In this example, in the period tl, both the signal input to the
terminal 22 and the signa input to the terminal 24 are the low power supply potential
(Vss). Accordingly, in the period tl, the first pulse output circuit 20 1 outputs a
low-level potential (low power supply potential (Vss)) to the terminal 21 of the second
pulse output circuit 20 2 and the scan line in the first row in the pixel portion.

[0052]



10

15

20

25

30

WO 2012/002165 19 PCT/JP2011/063855

In aperiod t2, the levels of the signals input to the terminals are the same as in
the period tl.  Therefore, the potentials of the signals output from the terminas 25 and
27 are aso not changed: the low-level potentials (low power supply potentials (Vss))
are output.

[0053]

In a period t3, a high-level potential (high power supply potentia (Vdd)) is
input to the terminal 24. Note that the potential of the node A (potential of the source
of the transistor 31) is increased to a high-level potential (potential which is decreased
from the high power supply potential (Vdd) by the threshold voltage of the transistor
31) in the period tl. Therefore, the transistor 31 is off. The input of the high-level
potential (high power supply potentia (Vdd)) to the terminal 24 causes a further
increase of the potential of the node A (the potentia of the gate of the transistor 38) by
capacitive coupling of the source and the gate of the transistor 38 (bootstrapping).
Owing to the bootstrapping, the potential of the signal output from the termina 25 is not
decreased from the high-level potential (high power supply potential (Vdd)) input to the
terminal 24. Accordingly, in the period t3, the first pulse output circuit 20 1 outputs a
high-level potentia (high power supply potential (Vdd) = a selection signal) to the scan
line in the first row in the pixel portion.

[0054]

In a period t4, a high-level potentia (high power supply potential (Vdd)) is
input to the terminal 22. As a result, since the potential of the node A has been
increased by the bootstrapping, the potential of the signal output from the terminal 27 is
not decreased from the high-level potential (high power supply potential (Vdd)) input to
the terminal 22. Accordingly, in the period t4, the terminal 27 outputs the high-level
potential (high power supply potential (Vdd)) which is input to the terminal 22. That
is, the first pulse output circuit 20 1 outputs a high-level potential (high power supply
potential (Vdd) = a shift pulse) to the terminal 21 of the second pulse output circuit
20 2. Inthe period t4 aso, the signa input to the termina 24 is kept at the high-level
potential (high power supply potential (Vdd)), so that the signal output to the scan line
in the first row in the pixel portion from the first pulse output circuit 20 1 is kept at the
high-level potential (high power supply potential (Vdd) =the selection signal).  Further,
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a low-level potential (low power supply potential (Vss)) is input to the termina 21 to
turn off the transistor 35, which does not directly influence the output signals of the first
pulse output circuit in the period t4.

[0055]

In aperiod t5, alow-level potential (low power supply potential (Vss)) isinput
to the terminal 24. In that period, the transistor 38 keeps to be on. Accordingly, in
the period t5, the first pulse output circuit 20 1 outputs alow-level potential (low power
supply potential (Vss)) to the scan line in the first row in the pixel portion.

[0056]

In a period t6, the levels of the signals input to the terminals are the same asin
the period t5. Therefore, the potentials of the signals output from the terminals 25 and
27 are adso not changed: the low-level potential (low power supply potentids (Vss)) is
output from the terminal 25 and the high-level potential (high power supply potential
(Vdd) = the shift pulse) isoutput from the terminal 27.

[0057]

In a period t7, the high-level potential (high power supply potential (Vdd)) is
input to the termina 23. Thus, the transistor 37 is turned on. As a result, the
potential of the node B is increased to a high-level potential (a potentia that is
decreased from the high power supply potential (Vdd) by the threshold voltage of the
transistor 37), so that the transistors 32, 34, and 39 are turned on. The potential of the
node A is decreased to the low-level potentia (low power supply potentia (Vss))
accordingly, so that the transistors 33 and 38 are turned off. Thus, in the period t7,
both of the signals output from the terminals 25 and 27 are the low power supply
potential (Vss). That is, in the period t7, the first pulse output circuit 20 1 outputs the
low power supply potential (Vss) to the terminal 21 of the second pulse output circuit
20 _2 and the scan line in the first row in the pixel portion.

[0058]

Next, using FIG. 3C, the case where a high-level potentia is input as a shift
pulse from the k-th pulse output circuit 20 k to the terminal 21 of the (&+l)-th pulse
output circuit 20 _(k+l) is described below.

[0059]
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In aperiod tl and aperiod t2, the operation of the (&+l)-th pulse output circuit
20 _(fcHl) is performed in amanner similar to that of the first pulse output circuit 20 1.
Therefore, the above description isto bereferred to.

[0060]

In aperiod t3, the levels of the signals input to the terminals are the same asin
the period t2. Therefore, the potentials of the signals output from the terminals 25 and
27 are aso not changed: the low-level potentials (low power supply potentials (Vss))
are output.

[0061]

In a period t4, high-level potentials (high power supply potentials (Vdd)) are
input to the terminals 22 and 24. Note that the potential of the node A (potential of the
source of the transistor 31) is increased to a high-level potential (potential which is
decreased from the high power supply potentia (Vdd) by the threshold voltage of the
transistor 31) in the period tl.  Therefore, the transistor 31 is off in the period tl.  The
input of the high-level potentials (high power supply potentials (Vdd)) to the terminals
22 and 24 causes a further increase of the potential of the node A (the potential of the
gate of the transistor 33 and the gate of the transistor 38) by capacitive coupling of the
source and the gate of the transistor 33 and the source and the gate of the transistor 38
(bootstrapping).  Owi ng to the bootstrapping, the potentials of the signals output from
the terminals 25 and 27 are not decreased from the high-level potentials (high power
supply potentials (Vdd)) input to the terminals 22 and 24, respectively. Thus, in the
period t4, the (&+l)-th pulse output circuit 20 (E+l) outputs the high-level potential
(high power supply potential (Vdd) = selection signal, shift pulse) to the scan line
provided in the (&+l)-th row in the pixel portion and the termina 21 in the (&+2)-th
pulse output circuit 20 ("+2).

[0062]

In aperiod t5, the levels of the signals input to the terminals are the same as in
the period t4. Therefore, the potentials of the signals output from the terminals 25 and
27 are also not changed: the high-level potentials (high power supply potentials (Vdd) =
the selection signal and the shift pulse) are output.

[0063]
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In aperiod t6, alow-level potentia (low power supply potential (Vss)) is input
to the terminal 24. In that period, the transistor 38 keeps being on. Therefore, in the
period t6, asignal output from the (&+l)-th pulse output circuit 20 (&+l) to the scan line
provided in the (&+l)-th row in the pixel portion is the low-level potential (low power
supply potential (Vss)).

[0064]

In a period t7, the high-level potential (high power supply potential (Vdd)) is
input to the terminal 23. Thus, the transistor 37 is turned on. As a result, the
potential of the node B is increased to a high-level potential (a potential that is
decreased from the high power supply potential (Vdd) by the threshold voltage of the
transistor 37), so that the transistors 32, 34, and 39 are turned on. The potential of the
node A is decreased to the low-level potentia (low power supply potential (Vss))
accordingly, so that the transistors 33 and 38 are turned off. Thus, in the period t7,
both of the signals output from the terminals 25 and 27 are the low power supply
potential (Vss). That is, in the period t7, the (E+)-th pulse output circuit 20 (&+l)
outputs the low power supply potential (Vss) to the terminal 21 of the (&+2)-th pulse
output circuit 20_(&+2) and the scan line in the (&+l)-th row in the pixel portion.

[0065]

Next, using FIG. 3D, the case where a high-level potential is input as a shift
pulse from the 2£-th pulse output circuit 2Q_2k to the terminal 21 in the (2fc+l)-th pulse
output circuit 20 (2&+) isdescribed below.

[0066]

In periods tl to t3, the operation of the (2& +l)-th pulse output circuit 20 (2&+l)
is performed in a manner similar to that of the (E+l)-th pulse output circuit 20 _(£+I).
Therefore, the above description isto be referred to.

[0067]

In a period t4, a high-level potential (high power supply potential (Vdd)) is
input to the terminal 22. Note that the potential of the node A (potential of the source
of the transistor 31) is increased to a high-level potential (potential which is decreased
from the high power supply potential (Vdd)) by the threshold voltage of the transistor
31) in the period tl. Therefore, the transistor 31 is off in the period tl.  The input of
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the high-level potential (high power supply potential (Vdd)) to the terminal 22 causes a
further increase of the potential of the node A (the potential of the gate of the transistor
33) by capacitive coupling of the source and the gate of the transistor 33 (bootstrapping).
Owing to the bootstrapping, the potential of the signal output from the terminal 27 is not
decreased from the high-level potentials (high power supply potential (Vdd)) input to
the terminal 22. Accordingly, in the period t4, the (2&+l)-th pulse output circuit
20_(2&+l) outputs a high-level potential (high power supply potential (Vdd) = shift
pulse) to the terminal 21 of the (2£+2)-th pulse output circuit 20_(2&+2). Further, a
low-level potential (low power supply potential (Vss)) isinput to the terminal 21 to turn
off the transistor 35, which does not directly influence the output signals of the
(2£+1)-th pulse output circuit 20_(2&+l) in the period t4.

[0068]

In a period t5, a high-level potential (high power supply potential (Vdd)) is
input to the termina 24. As a result, since the potential of the node A has been
increased by the bootstrapping, the potential of the signal output from the terminal 25 is
not decreased from the high-level potential (high power supply potential (Vdd)) input to
the terminal 24. Therefore, in the period t5, the high-level potential (high power |
supply potential (Vdd)) to be input to the terminal 22 is output from the terminal 25.
In other words, the (2&+l)-th pulse output circuit 20 (2&+l) outputs the high-level
potential (high power supply potential (Vdd) = selection signal) to the scan line
provided in the (2&+l)-th row in the pixel portion. In the period t5 also, the signal
input to the terminal 22 is kept at the high-level potential (high power supply potential
(Vdd)), so that the signal output from the (2& +l)-th pulse output circuit 20 _(2£+l) to the
output termina 21 of the (2&+2)-th pulse output circuit 20 (2&+2) is kept at the
high-level potential (high power supply potential (Vdd) = shift pulse).

[0069]

In aperiod t6, the levels of the signals input to the terminals are the same as in
the period t5. Therefore, the potentials of the signals output from the terminals 25 and
27 are adso not changed: the high-level potentials (high power supply potentials (Vdd) =
the selection signal and the shift pulse) are output.

[0070]
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In a period t7, the high-level potential (high power supply potential (Vdd)) is
input to the terminal 23. Thus, the transistor 37 is turned on. As a result, the
potential of the node B is increased to a high-level potential (a potentia that is
decreased from the high power supply potential (Vdd) by the threshold voltage of the
transistor 37), so that the transistors 32, 34, and 39 are turned on. The potential of the
node A is decreased to the low-level potential (low power supply potential (Vss))
accordingly, so that the transistors 33 and 38 are turned off. Thus, in the period t7,
both of the signas output from the terminals 25 and 27 are the low power supply
potential (Vss). That is, in the period t7, the (E+l)-th pulse output circuit 20_(£+)
outputs the low power supply potential (Vss) to the terminal 21 of the (&+2)-th pulse
output circuit 20_(&+2) and the scan line in the (E+l)-th row in the pixel portion.

[0071]

As illustrated in FIGS. 3B to 3D, the input timing of the start pulse (GSP) for
the scan line driver circuit is controlled in the first to m-th pulse output circuits 20 1 to
20_m, whereby a pluraity of shift pulses can be shifted concurrently. Specificaly,
after the start pulse (GSP) isinput, another start pulse (GSP) isinput at the same timing
as the output of a shift pulse from the terminal 27 in the k-th pulse output circuit 20 Kk,
whereby shift pulses can be output at the same timing from the first pulse output circuit
20 1 and (£+l)-th pulse output circuit 20_(E+l). Then, in a similar manner, another
start pulse (GSP) can be further input, whereby shift pulses can be output from the first
pulse output circuit 20 1, the (E+l)-th pulse output circuit 20 (fc+l), and the (2&+l)-th
pulse output circuit 20 (2&+l) at the same tirhing.

[0072]

In addition, the first pulse output circuit 20 1, the (&+l)-th pulse output circuit
20 _(A:+1), and the (2&+l)-th pulse output circuit 20 (2&+l) can supply selection signas
to respective scan lines at different timings in parallel to the above-described operation.
That is, with the above scan line driver circuit, a plurality of shift pulses having specific
periods can be shifted in parallel, and aplurality of pulse output circuits to which shift
pulses are input at the same timing can supply selection signals to their respective scan
lines at different timings.

[0073]
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<Structural Example of Signal Line Driver Circuit 12>

FIG. 4A illustrates a structural example of the signal line driver circuit 12
included in the liquid crystal display device in FIG. 1A. The signa line driver circuit
12 included in FIG. 4A includes a shift register 120 having first to n-th output terminals,
awiring for supplying an image signa (DATA), and transistors 121 _1to 121 «. One
of asource and adrain of the transistor 121 1is electrically connected to the wiring for
supplying the image signal (DATA), the other of the source and the drain thereof is
electrically connected to asignal line 14 1 in the first column in the pixel portion, and a
gate thereof is electrically connected to a first output terminal of the shift register 120.
One of a source and a drain of the transistor 121 « is electrically connected to the
wiring for supplying the image signal (DATA), the other thereof is electricaly

connected to asigna linel4 n in the n-th column in the pixel portion, and a gate thereof

is electrically connected to the n-th output terminal of the shift register 120. The shift

register 120 outputs high-level potentials from the first to n-th output terminals
sequentialy every shift period in response to a start pulse for asignal line driver circuit
(SSP). That is, the transistors 121 1 to 121 _n are sequentially turned on every shift
period.
[0074]

FIG 4B illustrates an example of atiming of an image signal supplied by the
wiring which supplies an image signa (DATA). As illustrated in FIG. 4B, the wiring
for supplying the image signal (DATA) supplies a pixel image signa for the first row
(data 1) in the period t4, a pixel image signal for the (Ax-l)-th row (data k+1) in the
period t5, apixel image signa for the (2&+1)-th row (data 2k+1) in the period t6, and a
pixel image signal for the second row (data 2) in the period t7. In this manner, the
wiring for supplying the image signal (DATA) supplies pixel image signals for
respective rows sequentially.  Specifically, image signals are supplied in the following
order: the pixel image signal for the 5-th row (s is a natural number less than k) - the
pixel image signal for the (k+s)-th row — the pixel image signal for the (2k+s)-th row
— the pixel image signal for the (stl)-th row. According to the above-described
operation of the scan line driver circuit and the signal line driver circuit, image signals

can be input to the pixels in three rows in the pixel portion every shift period of the
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pulse output circuit in the scan line driver circuit.
[0075]
<Structural Example of Backlight and Driver Circuit of Backlight>

FIGS. 5A and 5B illustrate a configuration example of a backlight panel 40
provided behind the pixel portion 10 in the liquid crystal display device illustrated in
FIG. 1A. The backlight panel 40 illustrated in FIG. 5A includes a plurality of backlight
arrays 41 arranged in the column direction, and in each backlight array 41, aplurality of
backlight units 42 each including light sources emitting light of three colors of red (R),
green (G), and blue (B) are arranged.  Note that the plurality of backlight units 42 may
be arranged in matrix, for example, behind the pixel portion 10 aslong aslighting of the
backlight units 42 can be controlled every given region.

[0076]

Asthe light source used in the backlight unit 42, a light-emitting element with
high emission efficiency such as a light-emitting diode (LED), or an organic
light-emitting diode is preferably used.

[0077]

FIG 5B illustrates a positional relation of the plurality of pixels 15 which are
arranged in m rows by n columns but not illustrated and the backlight panel 40 provided
behind the pixels. In the backlight panel, at least one backlight array 41 is provided
for each group of t rows (here, t is k/4). Each backlight array 41 is used for
substantially uniform irradiation of the pixels 15 in every region of t rows by n columns.
Note that there is no limitation in arranging the backlight units 42 included in the
backlight array 41 as long as substantially uniform irradiation of the plurality of pixels
15 can be performed in every region of t rows by n columns.

[0078]

The backlight arrays 41 can emit light independently. In other words, the
backlight panel 40 includes aplurality of backlight arrays 41, here, e.g., backlight arrays
4la (including a backlight array 41ai to a backlight array 41a,), backlight arrays 41b
(including a backlight array 4\bx to a backlight array 41b,), and backlight arrays 41c
(including abacklight array 41c; to abacklight array 41c,). For example, the backlight
array 4lai is extended for the first to f-th rows, and the backlight array 41c, is extended
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for the (2&+3M-I)-th to m-th rows. Each backlight array can emit light independently.
Moreover, in each backlight array, light sources for emitting light of colors of red (R),
green’ (G), and blue (B) can independently emit light. That is, in any one of the
backlight arrays 41, one light source emitting light of any one of colors of red (R), green
(G), and blue (B) emits light, whereby a given region in the pixel portion 10 can be
irradiated with the light of any one of red (R), green (G), and blue (B).

[0079]

Note that the pixel portion 10 may have the following structure: the pixel
portion 10 can beirradiated with light of chromatic color which isformed by mixture of
two kinds of color of light by emission of light sources which emit light of two colors of
red (R), green (G), and blue (B), and the pixel portion 10 can be irradiated with light of
white (W) which is formed by mixture of three kinds of colors of light by emission of
all light sources which emit light of colors of red (R), green (G), and blue (B).

[0080]

In the case where alight-emitting element such as an LED or an OLED is used
as a light source for the backlight unit 42, emission efficiency of the light-emitting
element changes depending on applied power. In this embodiment, power for making
a light-emitting element such asan LED or an OLED emit light with high efficiency is
supplied in a pulsed manner, and the duty ratio is controlled, so that emission intensity
iscontrolled. Asaresult, driving with optimal condition can be achieved without loss
of emission efficiency of the light-emitting element such as an LED or an OLED, and
power consumption can be reduced.

[0081]

Further, the backlight unit 42 is driven with pulsed power, whereby an increase
in temperature of the light-emitting element can be suppressed. Thus, a'problem of
increase in temperature of the light-emitting element such as an LED or an OLED,
which is caused by supplying power continuously and results in a decrease in emission
efficiency, can be avoided.

[0082]

FIG. 16 illustrates an example of a structure in which the backlight panel 40 is

driven with use of a pulse width modulation (PWM) circuit. A backlight driver circuit

45 includes three pulse width modulation circuits (46a, 46b, and 46c¢), and the pulse
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width modulation circuits supply power to respective four backlight arrays 41, so that
an emission color and emission intensity are controlled. By using the pulse width
modulation circuit, power with which the light-emitting element emits light with high
efficiency can be supplied in a pulsed manner to the backlight panel 40. Note that the
emission intensity may be controlled by change of the duty ratio. For example, an
LED can be driven with an ultra high frequency (e.g., 1 GHz) because of high-speed
response to an input signal. For example, an LED can be driven with a supply of 10
pulses during aperiod of aone-pulse signal for driving aliquid crystal element.

[0083]

Note that a method for controlling emission intensity can be employed as
appropriate, depending on atype of alight source used in the backlight unit 42.

[0084]
<Structural Example of Image Processing Circuit>

An example of a structure in which an image signal V (data) input to the liquid
crystal display device is output to a liquid crystal panel 19 and the backlight panel 40
via an image processing circuit 70 is described with reference to FIG. 16.

[0085]

The image processing circuit 70 includes an AD converter 71 which converts
the image signal V (data) into a digital signal, aframe memory 72 which stores at least
an image for one screen included in the image signal, a maximum vaue detection
circuit 73, and a gamma correction circuit 74. The maximum value detection circuit
73 analyzes brightness of given colors in respective regions in display image and detects
the maximum values of the color tones. The gamma correction circuit 74 performs
gamma correction so that the liquid crystal element can have the highest transmittance
in accordance with the detected maximum value of the color tone and transmittance of
pixels can be decreased in accordance with lowering of the color tone. Brightness of
the backlight is controlled in accordance with the maximum value of the color tone
detected by the maximum value detection circuit 73, and such abacklight is used for the
liquid crystal element subjected to gamma correction, so that display corresponding to
the image data can be performed. The pixels 15 provided in the liquid crystal panel 19
are driven with use of the image data corrected for every region by the gamma

correction circuit 74.
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[0086]

The image processing circuit 70 is connected to the backlight panel 40 via the
backlight driver circuit 45.

[0087]

Operation of the image processing circuit 70 is described. In the operation,
the image processing circuit 70 divides the image signal V (data) into signals for afirst
region (in first to k-th rows), a second region (in (&+l)-th to 2k-th rows), and a third
region (in (2Ax-1)-fh to m-fh rows) of the liquid crystal panel 19, outputs the image data
into the regions, and outputs a control signal to the backlight panel 40. Note that the
divided position of the image signal V (data) is denoted by the row number of the pixel
provided in parentheses for each region, where the image signal V (data) is displayed.
[0088]

The maximum value detection circuit 73 includes a first maximum value
detection circuit 73a which detects fhe maximum values of color tones in the image data
displayed in the first region (in first to k-th rows), a second maximum value detection
circuit 73b which detects the maximum values of color tones in the image data
displayed in the second region (in (&+l)-th to 2k-th rows), and a third maximum value
detection circuit 73c which detects the maximum values of color tones in the image data
displayed in the third region (in (2&+l)-th to m-th rows). The gamma correction circuit
74 includes a first gamma correction circuit 74a which performs gamma correction on
the image data displayed in the first region (in first to k-th rows), a second gamma
correction circuit 74b which performs gamma correction on the image data displayed in
the second region (in (&+l)-th to 2k rows), and a third gamma correction circuit 74c
which performs gamma correction on the image data displayed in the third region (in
(2A:+])-th to m-th rows).

[0089]

The input image signal V (data) is converted into digital image data by the AD
converter 71 and stored in the frame memory 72. Next, the first maximum vaue
detection circuit 73a, the second maximum value detection circuit 73b, and the third
maximum value detection circuit 73c detect the maximum values of color tones of the

image data displayed in the respective regions. Then, the maximum value detection
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circuits output the detected maximum values of color tones to the gamma correction
circuits and the pulse width modulation circuits corresponding to the respective regions.
[0090]

For example, in the case where the first maximum value detection circuit 73a
detects that the level of color tone which has the highest brightness is 128 among 256
tone scale, from the red (R) image data displayed on the pixels in first tot-th rows in the
first region (in first to k-th rows), the first maximum value detection circuit 73a outputs
the tone level 128 to the first gamma correction circuit 74a and the first pulse width
modulation circuit 46a.

[0091]

By the first gamma correction circuit 74a, the image data for the first to t-th
rows in the first region (in first to k-th rows) is subjected to gamma correction and
output so that the transmittance of the liquid crystal element provided inthe pixel where
the tone level 128 is detected can be the highest value, and transmittance of the other
pixels is decreased in accordance with lowering of the color tone.

[0092]

The first pulse width modulation circuit 46a in the backlight driver circuit 45
modulates the pulse width and make the red light source in the backlight array 4lai emit
light so that the pixel including the liquid crystal element with the highest transmittance
can be lit with light expressing the tone level 128 of red (R). Thus, the light isincident
on the pixels of the first to t-th rows in the first region (in first to k-th rows) of the liquid
crystal pand 19.

[0093]

In such amanner, the pixels of the first to t-th rows in the first region (in first to
A:-th rows) can display red (R) color with the tone level 128. Since the liquid crysta
dement in the pixel with red (R) color with the tone level 128 has the highest
transmittance, waste in energy emitted by the backlight array 4l1ai can be suppressed.
Further, the first maximum value detection circuit 73a detects the highest luminance
from the restricted range of the first to t-th rows in the first region (in first to k-th rows).
Thus, even if a color tone level higher than the tone level 128 is detected in another
region in the whole screen, emission intensity of the backlight array 4l1ai can be

suppressed: accordingly, power consumption can be reduced.
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[0094]

Note that in amanner similar to the above method, the second maximum value
detection circuit 73b analyzes ablue (B) color image data displayed on the pixels of the
(k+1)-th to (k+t)-th rows in the second region (in (A:+l)-th to 2£-th rows), and the third
maximum value detection circuit 73c analyzes a green (G) image data displayed on the
pixels of the (2A:+l)-th to (2k+t)-th rows in the third region (in (2&+l)-th to m-th rows).
Then, the second maximum value detection circuit 73b and the third maximum value
detection circuit 73c output the analysis results to the gamma correction circuit 74b and
the gamma correction circuit 74c respectively, and the pulse width modulation circuit
46b and the pulse width modulation circuit 46¢ respectively. As a result, emission
intensity of the backlight arrays can be optimized in respective regions, and accordingly
power consumption can be reduced.

[0095]
<Operation Example of Liquid Crystal Display Device>

FIG. 6 is a diagram for showing scan of a selection signa and the lighting
timing of the backlight array 41ai for the first to t-th rows to the backlight array 41c, for
the (2&+3t+l)-th to m-th rows in the backlight, in the above liquid crystal display device.
Note that in FIG. 6, the vertical axis represents rows (first to m-th rows) in the pixel
portion, and the horizontal axis represents time. As shown in FIG. 6, in the liquid
crystal display device, selection signals can be supplied to the scan lines in the first to
the m-th rows sequentialy not in the row order but every (k+1) rows (e.g., in the
following order: the scan line in the first row - the scan line in the (&+l)-th row - the
scan line in the (2&+l)-th row — the scan line in the second row). Therefore, in a
period Tl, the n pixels in the first row to the n pixels in the t-th row are sequentially
selected, the n pixels in the (E+l)-fh row to the n pixels in the (k+t)-th row are
sequentially selected, and the n pixels in the (2&+l)-fh row to the n pixels in the
(2k+t)-th row are sequentially selected, so that image signals can be input to the pixels.
Note that here, an image signa for controlling red (R) light transmission isinput to the
n pixels provided in the first row to the n pixels provided in the t-th row, an image
signal for controlling blue (B) light transmission is input to the n pixels provided in the

(A:+l)-th row to the n pixels provided in the (k+t)-th row, and an image signa for
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controlling green (G) light transmission isinput to the n pixels provided in the (2£+|)-th
row to the n pixels provided in the (2k+t)-th row.
[0096]

In the liquid crystal display device as illustrated in FIG. 6, lighting of the
backlight arrays isperformed in aperiod which is provided between periods in which an
image signal iswritten in agiven area.  Specifically, in aperiod provided between the
period Tl and a period T2, the red (R) light source in the backlight array 41a for the
first to Mh rows is lit, the blue (B) light source in the backlight array 41bi for the
(&+l)-th to (k+t)-th rows is lit, and the green (G) light source in the backlight array 41ci
for the the (2Ar+l)-th to (2+)-th rows is lit. Note that in the liquid crystal display
device, asillustrated in Fig. 6, one image is formed in the pixel portion by a series of
operations which starts by input of an image signal for controlling red (R) light
transmission and ends by lighting of the blue (B) light source in the backlight array.
[0097]

Asamethod for lighting the red (R) light source of the backlight array 41a; for
the first to Mh rows in a period provided between the period Tl and the period T2,
description in the above <Structural Example of Image Processing Circuit> can be
referred to; thus, the description thereof isomitted here.

[0098]
| Next, the detail of a method in which the pulse width modulation circuit drives
the plurality of backlight arrays is described by taking operation of the first pulse width
modulation circuit 46a in the period T| as an example, with reference to FIGS. 5A and
5B, FIG. 6, and FIG. 16. The first pulse width modulation circuit 46a is connected to
four backlight arrays, the backlight arrays 4lai to 41a,. In this embodiment, the first
region (in first to k-th rows) is divided into four. The backlight array 41a; is used for
irradiation of the first to Mh rows, the backlight array 41a, is used for irradiation of the
(t+)-th to 2Mh rows, the backlight array 4la, is used for irradiation of the (2t+)-th to
3Mh rows, and the backlight array 41a, is used for irradiation of the (3M-I)-th to k-ih
rows.
[0099]
In the period TI, the backlight array 41ai is turned off, and an image data is
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written to the pixels in the first to i-th rows. The backlight array 4la, emits light to the
pixels in the (t+l)-th to 2i-th rows, the backlight array 4la; emits light to the pixels in
the the (2t+l)-th to 3t-th rows, and the backlight array 4la, emits light to the pixels in
the the (3t+l)-th to k-th rows. In the period TI, the first pulse width modulation circuit
46a drives the backlight arrays so that three backlight arrays operate. That is, the
highest duty ratio for lighting of each backlight array is 1/3.

[0100]

By the above driving method, the number of pulse width modulation circuits in
the liquid crystal display device exemplified in this embodiment can be reduced.
[0101]
<Liquid Crystal Display Device disclosed in This Embodiment

In the liquid crystal display device in this embodiment, input of an image
signal and lighting of the backlight can be concurrently performed.  Accordingly, the
frequency of input of an image signa to each pixel of the liquid crystal display device
can be increased. As a result, color break generated in the field-sequential liquid
crystal display device can be suppressed, and the quality of an image displayed by the
liquid crystal display device can beimproved.

[0102]

The liquid crystal display device disclosed in this embodiment can achieve the
above-described operation with a simple pixel configuration.  Specifically, the pixel of
the liquid crystal display device disclosed in Patent Document 1 needs a transistor
which controls transfer of an electrical charge in addition to the configuration of the
pixel of the liquid crystal display device disclosed in this embodiment.  Further, a
signal line for controlling on/off of the transistor also needs to be provided.  In contrast,
the pixel configuration of the liquid crystal display device of this embodiment issimple.
In other words, the aperture ratio of the pixel in the liquid crystal display device of this
embodiment can be increased as compared to the liquid crystal display device disclosed
in Patent Document 1. Further, the liquid crystal display device of this embodiment
can reduce parasitic capacitance generated between wirings by reducing the number of
wirings extended to the pixel portion. In other words, it is possible to perform

high-speed operation of the wirings extended to the pixel portion.
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[0103]

Further, in the case where backlights emit light as an operation example
illustrated in FIG. 6, the adjacent backlight units never emit lights of different colors.
Specificaly, in the case where the backlight emits light after an image signal is written
in aregion in the period TI, the adjacent backlight units never emit lights of different
colors. For example, in the period TI, when the backlight unit for the (£+)-th to
(k+1)-th rows emits blue (B) light after the image signa for controlling transmission of
blue (B) light is input to the n pixels provided in the (&+l)-fh row to the n pixels
provided in the (&+t)-th row, the blue (B) light source emits light or emission itself is not
performed (neither red (R) light nor green (G) light is emitted) for abacklight unit in the
(3t+l)-th to k-ih rows and a backlight unit for the (E+M-I)-th to (k+2t)-th rows. Thus,
the probability of transmission of light of acolor different from agiven color through a
pixel to which image data on the given color isinput can be reduced.

[0104]
<Modification Example>

The liquid crystal display device described in this embodiment is one
embodiment of the present invention, and the present invention includes aliquid crystal
display device which has some differences from the aforementioned liquid crystal
display device.

[0105]

For example, in the liquid crystal display device of this embodiment, the pixel
portion 10 is divided into three regions and image signals are supplied in parallel to the
three regions; however, the liquid crystal display device of the present invention is not
limited to the above. In other words, the liquid crystal display device of the present
invention can have a structure in which the pixel portion 10 is divided into aplurality of
regions other than three and image signals are supplied in parallel to the plurality of
regions. In the case where the number of regions is changed, it is necessary to set
clock signals for a scan line driver circuit and pulse-width control signals in accordance
with the number of regions.

[0106]
The liquid crystal display device of this embodiment includes the capacitor for
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holding voltage applied to the liquid crysta element (see FIG. IB); alternatively, it is
possible to employ a structure without a capacitor. In this case, the aperture ratio of
the pixel can beincreased. The capacitor wiring extended to the pixel portion need not
be provided; therefore, it is possible to perform high-speed operation of wirings
extended to the pixel portion.

[0107]

Further, the pulse output circuit can have a structure (see FIG. 7A) in which a
transistor 50 is added to the pulse output circuit illustrated in FIG. 3A. One of a source
and a drain of the transistor 50 is electrically connected to the high power supply
potential line; the other of the source and the drain of the transistor 50 is electrically
connected to the gate of the transistor 32, the gate of the transistor 34, the other of the
source and the drain of the transistor 35, the other of the source and the drain of the
transistor 36, the other of the source and the drain of the transistor 37, and the gate of
the transistor 39; and a gate of the transistor 50 is electrically connected to a reset
terminal (Reset). To the reset terminal, ahigh-level potential isinput in aperiod which
follows formation of one image on the pixel portion; alow-level potential isinput in the
other period. Note that the transistor 50 is turned on when a high-level potential is
input. Thus, the potential of each node can be initialized in that period, so that
malfunction can be prevented. Note that in the case where the initialization is
performed, it is necessary to provide an initialization period after the periods in which
one image is formed in the pixel portion. In the case where a period in which the
backlight is turned off is provided after the period in which one image is formed in the
pixel portion, which will be described later with reference to FIG. 9, it is possible to
perform the initialization in the period in which the backlight isturned off.

[0108]

Further alternatively, the pulse output circuit can have a structure (see FIG. 7B)
in which atransistor 51 is added to the pulse output circuit illustrated in FIG. 3A. One
of a source and a drain of the transistor 51 is electrically connected to the other of the
source and the drain of the transistor 31 and the other of the source and the drain of the
transistor 32; the other of the source and the drain thereof is electrically connected to the
gate of the transistor 33 and the gate of the transistor 38; and a gate of the transistor 51
is electrically connected to the high power supply potential line. The transistor 51 is
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turned off in a period during which the potential of the node A is at a high level (the
periods tl tot6in FIGS. 3B to 3D). With the transistor 51, the gate of the transistor 33
and the gate of the transistor 38 can be electrically disconnected to the other of the
source and the drain of the transistor 31 and the other of the source and the drain of the
transistor 32 in the periods tl tot6. Thus, aload at the time of the bootstrapping in the
pulse output circuit can be reduced in the periods tl to t6.

[0109]

Further aternatively, the pulse output circuit can have a structure (see FIG. 8A)
in which atransistor 52 is added to the pulse output circuit illustrated in FIG. 7B. One
of a source and a drain of the transistor 52 is electrically connected to the gate of the
transistor 33 and the other of the source and the drain of the transistor 51; the other of
the source and the drain of the transistor 52 is electrically connected to the gate of the
transistor 38; and a gate of the transistor 52 is electrically connected to the high power
supply potential line. As described above, aload at the time of the bootstrapping in
the pulse output circuit can be reduced with the transistor 52. In particular, the
load-reduction effect is large in the case where the potential of the node A is increased
only by the capacitive coupling of the source and the gate of the transistor 33 (see FIG.
3D).

[0110]

Further alternatively, the pulse output circuit can have a structure (see FIG. 8B)
in which the transistor 51 is removed from the pulse output circuit shown in FIG. 8A
and a transistor 53 is added to the pulse output circuit shown in FIG. 8A. One of a
source and adrain of the transistor 53 is electrically connected to the other of the source
and the drain of the transistor 31, the other of the source and the drain of the transistor
32, and the one of the source and the drain of the transistor 52; the other of the source
and the drain of the transistor 53 is electrically connected to the gate of the transistor 33;
and a gate of the transistor 53 is electrically connected to the high power supply
potential line. As described above, with the transistor 53, a load at the time of the
bootstrapping in the pulse output circuit can be reduced. Further, an effect of a fraud
pulse generated in the pulse output circuit on the switching of the transistors 33 and 38
can be decreased.

[0111]
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Furthermore, the liquid crystal display device of this embodiment has a
structure where light sources emitting red (R) light, green (G) light, and blue (B) light
are arranged linearly and horizontally to form a backlight unit (see FIGS. 5A and 5B);
however, the structure of the backlight unit is not limited to such a structure. For
example, the light sources emitting light of three colors may be arranged triangularly, or
linearly and longitudinally; or ared (R) backlight unit, a green (G) backlight unit, and a
blue (B) backlight unit may be provided each individualy. Moreover, the
above-described liquid crystal display device is provided with a direct-below backlight
as the backlight (see FIGS. 5A and 5B); aternatively, an edge-light backlight can be
used as the backlight.

[0112]

In the liquid crystal display device of this embodiment, a structure is illustrated,
in which the scan of the selection signal and the lighting of the backlight unit are
successively performed (see FIG. 6); however, the operation of the liquid crystal display
device is not limited to the structure. For example, before and after the period in
which one image is formed in the pixel portion (the period which continues from the
input of an image signal for controlling transmission of red (R) light to the lighting of
the blue (B) light source in the backlight unit in FIG. 6), it is possible to provide a period
in which the scan of the selection signal and the lighting of the backlight unit are not
performed (see FIG. 9). Therefore, color break generated in the liquid crystal display
device can be suppressed, and the quality of an image displayed by the liquid crystal
display device can be improved. Note that FIG. 9 illustrates a structure in which
neither the scan of the selection signal nor the lighting of the backlight unit is
performed; however, it is possible to perform the scan of the selection signal and to
input an image signal used for not transmitting light to each pixel.

[0113]

Further, the described structure of the liquid crystal display device in this
embodiment provides a period in which one of three light sources in the backlight unit
emits light with respect to given regions in the pixel portion (see FIG. 6); however, the
liquid crystal display device in this embodiment can have a structure which provides a
period in which one or more light sources among three light sources in the backlight

unit emit light (see FIG. 10). In this case, in the liquid crystal display device, display
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luminance can be further improved and display color tone can be further classified. In
an operation example illustrated in FIG. 10, one image can be formed on the pixel
portion by a series of operations which starts by input of an image signal for controlling
transmission of red (R) light and ends by lighting of the red (R) light source, the green
(G) light source, and the blue (B) light source in the backlight unit.

[0114]

Further, in the above description of the liquid crystal display device in this
embodiment, one image isformed by making the light sources of the backlight unit emit
light to every given region in the pixel portion in the following order: red (R) — green
(G) — blue (B) (see FIG. 6). However, the light emission order of the light sources in
the liquid crystal display device of this embodiment is not limited to the above. For
example, the following structures can be employed. One image is formed by making
the light sources emit light in the following order: blue (B) — blue (B) and green (G) —
green (G) — green (G) and red (R) - red (R) -» red (R) and blue (B) (see FIG. 11).
One image isformed by making the light sources emit light in the following order: blue
(B) — blue (B) and red (R) — red (R) — red (R) and green (G) - green (G) — green
(G) and blue (B) (see FIG. 12). One image isformed by making the light sources emit
light in the following order: blue (B) — red (R) and green (G) — green (G) — blue (B)
and red (R) - red (R) - green (G) and blue (B) (see FIG. 13). One image is formed
by making the light sources emit light in the following order: blue (B) — red (R) and
gfeen (G) — blue (B) and green (G) — red‘(R) — green (G) - red (R) and blue (B)
(see FIG. 14). Note that it is needless to say that the input order of an image signal for
controlling transmission of light of a given color needs to be designed as appropriate in
accordance with the lighting order of the light sources.

[0115]

Further, in the above description of the liquid crystal display device in this
embodiment, one image is formed by making each of the light sources of red (R), green
(G), and blue (B) in the backlight units emit light once (see FIG. 6). However, the
number of light emission can be different among the light sources in the liquid crystal
display device in this embodiment. For example, the following structure can be

employed. One image is formed by making the backlight units emit light under the
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condition that red (R) light and green (G) light each of which has a high luminosity
factor are emitted twice and blue (B) light which has alow luminosity factor is emitted
three times (see FIG. 15). Note that in the operation example illustrated in FIG. 15, one
image is formed on the pixel portion by a series of operation which starts by input of an
image signal for controlling transmission of red (R) light and ends by lighting of the
green (G) light source and the blue (B) light source in the backlight unit.

[0116]

In the liquid crystal display device of this embodiment, light sources emitting
light of three colors of red (R), green (G), and blue (B) are used in combination for the
backlight; however, the liquid crystal display device of the present invention is not
limited to the above structure. That is, in the liquid crystal display device of the
present invention, light sources that emit lights of given colors can be used in
combination. For example, it is possible to use a combination of four colors of light
sources of red (R), green (G), blue (B), and white (W); a combination of four colors of
light sources of red (R), green (G), blue (B), and yellow (Y); or a combination of three
colors of light sources of cyan (C), magenta (M), and yellow (Y). Note that in the case
where the backlight unit includes alight source which emits white (W) light, white (W)
light is produced not by color mixture but by using the light source of awhite (W) color.
The light source has high emission efficiency; therefore, the backlight is formed using
the light source, whereby power consumption can be reduced. In the case where the
backlight unit includes light sources for two colors which are colors complementary to
each other (for example, in the case where light sources for two colors of blue (B) and
yellow (Y) are included), the two colors are mixed, whereby white (W) light can be
emitted.  Further, light sources that emit lights of six colors of pale red (R), pale green
(G), pale blue (B), deep red (R), deep green (G), and deep blue (B) can be used in
combination or light sources that emit lights of six colors of red (R), green (G), blue (B),
cyan (C), magenta (M), and yellow (Y) can be used in combination.  In such a manner,
with a combination of light sources of awider variety of colors, the color gamut of the
liquid crystal display device can be enlarged, and the image quality can be improved.
[0117]

In the liquid crystal display device described in this embodiment, input of an
image signal and lighting of a backlight are not performed sequentially in the whole
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pixel portion but are performed sequentially in every given region in the pixel portion.
Thus, the frequency of input of an image signal to each pixel of the liquid crystal
display device can beincreased. As aresult, display degradation caused in the liquid
crystal display device such as color break can be suppressed, and the quality of an
image can be improved. In addition, an image signal of acolor tone having the highest
brightness included in the image signals is detected for every given region in the pixel
portion, whereby the intensity of light from the light source of the backlight can be
controlled precisely. As a result, power consumption of the liquid crystal display
device can be reduced, effectively.

[0118]

Note that it is possible to use a plurality of structures described as modification
examples of this embodiment for the liquid crystal display device of this embodiment.
[0119]

This embodiment or part of this embodiment can be freely combined with the
other embodiments or part of the other embodiments. '

[0120]
(Embodiment 2)

In this embodiment, a specific structure of the liquid crystal display device
described in Embodiment 1will be described.
[0121]
<Specific Example of Transistor>

First, specific examples of transistors used in a pixel portion or circuits used in
the above liquid crystal display device are described with reference to FIGS. 17A to
17D. Note that in the liquid crystal display device, transistors provided in the pixel
portion and the circuits may have the same structure or structures different from each
other.

[0122]

A transistor 2450 illustrated in FIG. 17A includes a gate layer 2401 over a
substrate 2400, a gate insulating layer 2402 over the gate layer 2401, a semiconductor
layer 2403 over the gate insulating layer 2402, and a source layer 2405a and a drain
layer 2405b over the oxide semiconductor layer 2403. An insulating layer 2407 is
formed over the semiconductor layer 2403, the source layer 24053, and the drain layer
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2405b. A protective insulating layer 2409 may be formed over the insulating layer
2407. The transistor 2450 is a bottom-gate transistor, and is also an inverted staggered
transistor.

[0123]

A transistor 2460 illustrated in FIG. 17B includes the gate layer 2401 over the
substrate 2400, the gate insulating layer 2402 over the gate layer 2401, the
semiconductor layer 2403 over the gate insulating layer 2402, a channel protective layer
2406 over the oxide semiconductor layer 2403, and the source layer 2405a and the drain
layer 2405b over the channel protective layer 2406 and the semiconductor layer 2403.
The protective insulating layer 2409 may be formed over the source layer 2405a and the
drain layer 2405b. The transistor 2460 is a bottom-gate transistor called a
channel-protective type (also referred to as a channel-stop type) transistor and is aso an
inverted staggered transistor.

[0124]

A transistor 2470 illustrated in FIG. 17C includes a base layer 2436 over the
substrate 2400, the semiconductor layer 2403 over the base layer 2436, the source layer
2405a and the drain layer 2405b over the semiconductor layer 2403 and the base layer
2436, the gate insulating layer 2402 over the semiconductor layer 2403, the source layer
24053, and the drain layer 2405b, and the gate layer 2401 over the gate insulating layer
2402. The protective insulating layer 2409 may be formed over the gate layer 2401.
The tfansi stor 2470 is atop-gate transistor.

[0125]

A transistor 2480 illustrated in FIG. 17D includes a first gate layer 2411 over
the substrate 2400, afirst gate insulating layer 2413 over the first gate layer 2411, the
semiconductor layer 2403 over the first gate insulating layer 2413, and the source layer
2405a and the drain layer 2405b over the semiconductor layer 2403 and the first gate
insulating layer 2413. A second gate insulating layer 2414 is formed over the
semiconductor layer 2403, the source layer 2405a, and the drain layer 2405b, and a
second gate layer 2412 is formed over the second gate insulating layer 2414. The
protective insulating layer 2409 may be formed over the second back gate layer 2412.
[0126]

The transistor 2480 has a structure combining the transistor 2450 and the
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transistor 2470. The first gate layer 2411 and the second gate layer 2412 can be
electrically connected to function as one gate layer. One of the first gate layer 2411
and the second gate layer 2412 is referred to as a "gate" simply, and the other one is
referred to as a "back gate” in some cases. In the transistor 2480, potential of the back
gate is changed, so that the threshold voltage of the transistor 2480 of when switching is
controlled with the gate potential can be changed.

[0127]

Note that examples of the substrate 2400 include a semiconductor substrate
(e.g., asingle crystal substrate or a silicon substrate), an SOl substrate, a glass substrate,
a quartz substrate, a conductive substrate whose top surface is provided with an
insulating layer, flexible substrates such as a plastic substrate, a bonding film, paper
containing a fibrous material, and a base film. As an example of a glass substrate, a
barium borosilicate glass substrate, an aluminoborosilicate glass substrate, a soda lime
glass substrate, or the like can be given. For aflexible substrate, a flexible synthetic
resin such as plastics typified by polyethylene terephthalate (PET), polyethylene
naphthalate (PEN), and polyether sulfone (PES), or acrylic can be used, for example.
[0128]

For the gate layer 2401 and the first gate layer 2411, an element selected from
aluminum (Al), copper (Cu), titanium (Ti), tantalum (Ta), tungsten (W), molybdenum
(Mo), chromium (Cr), neodymium (Nd), or scandium (Sc); an alloy containing any of
these elements; or a nitride containing any of these elements can be used. A stacked
structure of these materials can also be used.

[0129]

For each of the gate insulating layer 2402, the first gate insulating layer 2413,
and the second gate insulating layer 2414, an insulator such as silicon oxide, silicon
nitride, silicon oxynitride, silicon nitride oxide, aluminum oxide, tantalum oxide, or
galium oxide can be used. A stacked structure of these materials can also be used.
Note that silicon oxynitride refers to a substance which contains more oxygen than
nitrogen and contains oxygen, nitrogen, silicon, and hydrogen at given concentrations

ranging from 55 atomic% to 65 atomic%, 1 atomic% to 20 atomic%, 25 atomic% to 35

- atomic%, and 0.1 atomic% to 10 atomic%, respectively, where the total percentage of
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atoms is 100 atomic%. Further, the silicon nitride oxide film refers to a film which
contains more nitrogen than oxygen and contains oxygen, nitrogen, silicon, and
hydrogen at given concentrations ranging from 15 atomic% to 30 atomic%, 20
atomic% to 35 atomic%, 25 atomic% to 35 atomic%, and 15 atomic% to 25 atomic%,
respectively, where the total percentage of atoms is 100 atomic%.

[0130]

The semiconductor layer 2403 can be formed using any of the following
semiconductor materials, for example: a material containing an element belonging to
Group 14 of the periodic table, such as silicon (Si) or germanium (Ge), as its main
component; a compound such as silicon germanium (SiGe) or gallium arsenide (GaAs);
oxide such as zinc oxide (ZnO) or zinc oxide containing indium (In) and gallium (Ga);
or an organic compound having semiconductor characteristics can be used. A stacked
structure of layers formed using these semiconductor materials can also be used.

[0131]

Further, in the case where silicon (Si) is used for the semiconductor layer 2403,
there is no limitation on the crystal structure of the semiconductor layer 2403. That is,
any of amorphous silicon, microcrystalline silicon, polycrystalline silicon, and single
crystalline silicon can be used for the semiconductor layer 2403. A Raman spectrum
of microcrystalline silicon is located in lower wavenumber than 520 cm™ which
represents single crystalline silicon.  That is, the peak of the Raman spectrum of the
microcrystalline silicon exists between 520 cm™® which represents single crystalline
silicon and 480 cmt which represents amorphous silicon. The microcrystalline
semiconductor contains hydrogen or halogen at least 1 atomic% or more to terminate a
dangling bond. Moreover, the microcrystalline semiconductor may contain arare gas
element such as helium, argon, krypton, or neon to further promote lattice distortion, so
that stability is increased and a favorable microcrystalline semiconductor can be
obtained.

[0132]

Moreover, in the case where an oxide (an oxide semiconductor) is used for the

semiconductor layer 2403, at least one of the following elements is contained: In, Ga,

Sn, Zn, Al, Mg, Hf, and lanthanoid. For example, any of the following metal
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semiconductors can be used: an In-Sn-Ga-Zn-O-based metal oxide which is an oxide of
four metal elements; an In-Ga-Zn-O-based metal oxide, an In-Sn-Zn-O-based metal
oxide, an In-Al-Zn-O-based metal oxide, a Sn-Ga-Zn-O-based metal oxide, an
Al-GaZn-O-based metal oxide, and a Sn-Al-Zn-O-based metal oxide, an
In-Hf-Zn-O-based metal oxide, an In-La-Zn-O-based metal oxide, an In-Ce-Zn-O-based
metal oxide, an In-Pr-Zn-O-based metal oxide, an In-Nd-Zn-O-based metal oxide,
In-Pm-Zn-O-based metal oxide, an In-Sm-Zn-O-based meta oxide, an
In-Eu-Zn-O-based metal oxide, In-Gd-Zn-O-based metal oxide, an In-Th-Zn-O-based
metal oxide, In-Dy-Zn-O-based metal oxide, an In-Ho-Zn-O-based metal oxide, an
In-Er-Zn-O-based metal oxide, an In-Tm-Zn-O-based meta oxide, an
IN-Yb-Zn-O-based metal oxide, and In-Lu-Zn-O-based metal oxide which are oxides of
three metal elements, an In-Ga-O-based oxide, an In-Zn-O-based metal oxide, a
Sn-Zn-O-based metal oxide, an Al-Zn-O-based metal oxide, a Zn-Mg-O-based metal
oxide, a Sn-Mg-O-based metal oxide, and an In-Mg-O-based metal oxide which are
oxides of two metal elements; and an In-O-based metal oxide, a Sn-O-based metal
oxide, and a Zn-O-based metal oxide which are oxides of one metal element. The
above oxide semiconductors may include silicon oxide. Here, for example, the
In-Ga-Zn-O-based metal oxide means an oxide containing at least In, Ga, and Zn, and
the composition ratio of the elements is not particularly limited. The
In-Ga-Zn-O-based oxide semiconductor may contain an element other than In, Ga, and
Zn.
[0133]

As the oxide semiconductor, a thin film represented by the chemical formula,
INMO 4(Zn0O),, (m > 0) can be used. Here, M represents one or more metal elements
selected from Ga, Al, Mn, or Co. For example, M may be Ga, Ga and Al, Gaand Mn,
Gaand Co, or the like.
[0134]

For the source layer 24053, the drain layer 2405b, and the second gate layer
2412, an element selected from aluminum (Al), copper (Cu), titanium (Ti), tantalum
(Ta), tungsten (W), molybdenum (Mo), chromium (Cr), neodymium (Nd), or scandium
(Sc); an aloy containing any of these elements; or a nitride containing any of these

elements can beused. A stacked structure of these materias can also be used.
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[0135]

A conductive film to be the source layer 2405a and the drain layer 2405b
(including a wiring layer formed using the same layer as the source and drain layers)
may be formed using a conductive metal oxide. As conductive metal oxide, indium
oxide (In,0,), tin oxide (Sn0,), zinc oxide (ZnO), indium oxide-tin oxide alloy
(In,0 5-Sn0 ,; abbreviated to ITO), indium oxide-zinc oxide alloy (In,0 ;-ZnO), or any of
these metal oxide materials in which silicon oxide is contained can be used.

[0136]

Asthe channel protective layer 2406, an insulator such as silicon oxide, silicon
nitride, silicon oxynitride, silicon nitride oxide, auminum oxide, tantalum oxide, or
galium oxide can beused. A stacked structure of these materials can also be used.
[0137]

For the insulating layer 2407, an insulator such as silicon oxide, silicon
oxynitride, aluminum oxide, aluminum oxynitride, or galium oxide can be used. A
stacked structure of these materials can also be used.

[0138]

For the protective insulating layer 2409, an insulator such as silicon nitride,
aluminum nitride, silicon nitride oxide, or auminum nitride oxide can be used. A
stacked structure of these materials can also be used.

[0139]

For the base layer 2436, an insulator such as silicon oxide, silicon nitride,
silicon oxynitride, silicon nitride oxide, aluminum oxide, tantalum oxide, or galium
oxide can beused. A stacked structure of these materials can aso be used.

[0140]

In the case where an oxide semiconductor is used for the semiconductor layer
2403, an insulating material containing oxygen and an element belonging to Group 13 is
preferably used for an insulating layer (here, corresponding to the gate insulating layer
2402, the insulating layer 2407, the channel protective layer 2406, the base layer 2436,
the first gate insulating layer 2413, and the second gate insulating layer 2414) in contact
with the oxide semiconductor. Many oxide semiconductor materials contain an
element belonging to Group 13, and an insulating material containing an element

belonging to Group 13 works well with an oxide semiconductor. By using such an
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insulating material for an insulating layer in contact with the oxide semiconductor, an
interface with the oxide semiconductor can keep afavorable state.
[0141]

An insulating material containing an element belonging to Group 13 refers to
an insulating material containing one or more elements belonging to Group 13. Asthe
insulating material containing an element belonging to Group 13, ametal oxide such as
galium oxide, aluminum oxide, aluminum gallium oxide, and gallium aluminum oxide
can be given for example. Here, auminum gallium oxide refers to amateria in which
the amount of aluminum (atomic%) is larger than that of galium (atomic%), and
galium aluminum oxide refers to a materia in which the amount of gallium (atomic%o)
is larger than or equal to that of aluminum (atomic%o).

[0142]

For example, in the case of forming an insulating layer in contact with an oxide
semiconductor layer containing gallium, a material containing gallium oxide may be
used for the insulating layer, so that favorable characteristics can be kept at the interface
between the oxide semiconductor layer and the insulating layer. When the oxide
semiconductor layer and the insulating layer containing gallium oxide are provided in
contact with each other, pileup of hydrogen at the interface between the oxide
semiconductor layer and the insulating layer can be reduced, for example. Note that a
similar effect can be obtained in the case where an element in the same group as a
constituent element of the oxide semiconductor is used in the insulating layer. For
example, it is effective to form an insulating layer using a material containing aluminum
oxide. Since water hardly penetrates aluminum oxide, it is preferable to use a material
containing aluminum oxide for prevention of entrance of water to the oxide
semiconductor layer.

[0143]

In the case where an oxide semiconductor is used for the semiconductor layer
2403, it is preferable that an insulating layer in contact with the oxide semiconductor be
subjected to heat treatment performed in an oxygen atmosphere, oxygen doping, or the
like, so that an insulating material contains oxygen with a higher proportion than that in

the stoichiometric composition. "Oxygen doping" refers to addition of oxygen into a
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bulk. Note that the term "bulk" is used in order to clarify that oxygen is added not
only to a surface of a thin film but also to the inside of the thin film. In addition,
"oxygen doping" includes "oxygen plasma doping" in which oxygen which is made to
be plasma is added to a bulk. The oxygen doping may be performed using an ion
implantation method or an ion doping method.

[0144]

For example, in the case where the insulating layer is formed using gallium
oxide, the composition of galium oxide can be Ga,0, (x = 3+a O<a<l) by
performance of heat treatment in an oxygen atmosphere or oxygen doping.

[0145]

In the case where the insulating layer is formed using auminum oxide, the
composition of auminum oxide can be ALO, (x = 3+a, O<a<l) by performance of heat
treatment in an oxygen atmosphere or oxygen doping.

[0146]

In the case where the insulating layer is formed using gallium aluminum oxide
(auminum galium oxide), the composition of gallium aluminum oxide (aluminum
galium oxide) can be Ga"Al, 0 ,,, (0<x<2, 0<a<l) by performance of heat treatment
in an oxygen atmosphere or oxygen doping.

[0147]

By oxygen doping, an insulating layer which has a region containing oxygen
with a higher proportion than that in the stoichiometric composition can be formed.
When the insulating layer having such a region is in contact with the oxide
semiconductor layer, oxygen that exists excessively in the insulating layer is supplied to
the oxide semiconductor layer, and a defect of oxygen deficiency in the oxide
semiconductor layer or at an interface between the oxide semiconductor layer and the
insulating layer is reduced. Thus, the oxide semiconductor layer can be formed to an
i-type or substantially i-type oxide semiconductor.

[0148]

In the case where an oxide semiconductor is used for the semiconductor layer

2403 and sandwiched between insulating layers which are in contact with the

semiconductor layer 2403, one of the insulating layer located on an upper side and the
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insulating layer located on a lower side can be an insulating layer which has aregion
containing oxygen with ahigher proportion than that in the stoichiometric composition.
However, it is preferable that both of the insulating layers have a region containing
oxygen with a higher proportion than that in the stoichiometric composition. The
above-described effect can be enhanced with a structure where the oxide semiconductor
layer 2403 is sandwiched between the insulating layers each of which has a region
containing oxygen with a higher proportion than that in the stoichiometric composition;
i.e, the insulating layers are located on the upper side and the lower side of the oxide
semiconductor layer 2403 and bein contact with the oxide semiconductor layer 2403.
[0149]

Further, in the case where an oxide semiconductor is used for the
semiconductor layer 2403, the insulating layers on the upper side and the lower side of
the oxide semiconductor layer 2403 may include the same constituent deMent or
different constituent elements. For example, the insulating layers on the upper side
and the lower side may be both formed using gallium oxide whose composition is
Ga0; (x =3+a, O<a<l). Alternatively, one of the insulating layers on the upper side
and the lower side may be formed using Ga,#. (x = 3+a, 0<a<1) and the other may be
formed using aluminum oxide whose composition isAL(% (x = 3+a, 0<a<l).

[0150]

Further, in the case where an oxide semiconductor is used for the
semiconductor layer 2403, the insulating layer in contact with the semiconductor layer
2403 may be a stacked layer of insulating layers each of which has aregion containing
oxygen with a higher proportion than that in the stoichiometric composition. For
example, the insulating layer on the upper side of the semiconductor layer 2403 may be
formed as follows: gallium oxide whose composition is Ga,0, (x = 3+a, 0<a<l) is
formed and galium auminum oxide (aluminum gallium oxide) whose composition is
GatAl, 0 5,4 (0<x<2, 0<a<1) may be formed thereover. Note that the insulating layer
on the lower side of the semiconductor layer 2403 may be formed by stacking insulating
layers each of which has a region containing oxygen with a higher proportion than that
in the stoichiometric composition. Alternatively, both of the insulating layers on the

upper side and the lower side of the semiconductor layer 2403 may be formed by
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stacking insulating layers each of which has aregion containing oxygen with a higher
proportion than that in the stoichiometric composition.

[0151]

<Specific Example of Pixel Layout>

Next, a specific example of a layout of the pixel in the above liquid crysta
display device is described with reference to FIG. 18 and FIG. 19. FIG. 18 is a top
view of alayout of the pixel illustrated in FIG. 1B, and FIG. 19 is a cross-sectional view
along line A-B in FIG. 18. Note that, in FIG. 18, some components such as a liquid
crystal layer and a counter electrode are not illustrated. A specific structure is
described with reference to FIG. 19.

[0152]

The transistor 16 includes a conductive layer 222 provided over a substrate 220
with an insulating layer 221 interposed therebetween, an insulating layer 223 provided
over the conductive layer 222, a semiconductor layer 224 provided over the conductive
layer 222 with the insulating layer 223 interposed therebetween, a conductive layer
225a provided over one of ends of the semiconductor layer 224, and a conductive layer

225b provided over the other end of the semiconductor layer 224. The conductive

layer 222 functions as a gate layer, and the insulating layer 223 functions as a gate

insulating layer. One of the conductive layer 225a and the conductive layer 225b
functions as a source layer and the other functions as adrain layer.
[0153]

The capacitor 17 includes a conductive layer 226 provided over the substrate
220 with the insulating layer 221 interposed therebetween, an insulating layer 227
provided over the conductive layer 226, and a conductive layer 228 provided over the
conductive layer 226 with the insulating layer 227 interposed therebetween. Note that
the conductive I-ayer 226 functions as one of electrodes of the capacitor 17, the
insulating layer 227 functions as a dielectric of the capacitor 17, and the conductive
layer 228 functions as the other electrode of the capacitor 17. The conductive layer
226 is formed using a material same as that of the conductive layer 222, the insulating
layer 227 is formed using a material same as that of the insulating layer 223, and the
conductive layer 228 is formed using a materia same as that of the conductive layer

225a and the conductive layer 225b. The conductive layer 226 is electricaly
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connected to the conductive layer 225b.
[0154]

Over the transistor 16 and the capacitor 17, an insulating layer 229 and a
planarization insulating layer 230 are provided.
[0155]

The liquid crystal element 18 includes a transparent conductive layer 231
provided over the planarization insulating layer 230, atransparent conductive layer 241
provided for a counter substrate 240, and aliquid crystal layer 250 sandwiched between
the transparent conductive layer 231 and the transparent conductive layer 241. Note
that the transparent conductive layer 231 functions as a pixel electrode of the liquid
crystal element 18 and the transparent conductive layer 241 functions as a counter
electrode of the liquid crystal element 18. The transparent conductive layer 231 is
electrically connected to the conductive layer 225b and the conductive layer 226.

[0156]

An aignment film may be provided as appropriate between the transparent
conductive layer 231 and the liquid crystal layer 250 or between the transparent
conductive layer 241 and the liquid crystal layer 250. The alignment film can be
formed using an organic resin such as polyimide or polyvinyl alcohol. The surface is
subjected to alignment treatment such as rubbing in order to align liquid crystal
molecules in a certain direction. Rubbing can be performed by rolling a roller
wrapped with cloth of nylon or the like while being in contact with the alignment film,
and the surface of the alignment film is rubbed in a certain direction. Note that it is
also possible to form the alignment film that has alignment characteristics by
evaporation or the like with use of inorganic materials such as silicon oxide, without
alignment treatment.

[0157]

Injection of liquid crystal for formation of the liquid crystal layer 205 may be
performed by a dispenser method (dripping method) or a dipping method (pumping
method).

[0158]
Note that a blocking layer 242 which can block light is provided over the

counter substrate 240 in order to prevent disclination caused by disorder of the
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orientation of the liquid crystal between pixels or prevent incidence of diffused light on
a plurality of pixels concurrently. An organic resin containing black colorant such as
carbon black or low order titanium oxide having an oxidation number smaller than that
of titanium dioxide can be used for the blocking layer 242. Alternatively, a film
formed using chromium can be used for the blocking layer 242.

[0159]

The transparent conductive layer 231 and the transparent conductive layer 241
can be formed using a light-transmitting conductive material such as indium tin oxide
including silicon oxide (ITSO), indium tin oxide (ITO), zinc oxide (ZnO), indium zinc
oxide (1ZO), or zinc oxide to which galium is added (GZO), for example.

[0160]

Although the liquid crystal element in FIG. 19 in which the liquid crystal layer
250 is sandwiched between the transparent conductive layer 231 and the transparent
conductive layer 241 is described as an example, the liquid crystal display device
according to one embodiment of the present invention is not limited to the above
structure. A pair of electrodes may be formed over one substrate as in an IPS liquid
crystal element or aliquid crystal element using a blue phase.

[0161]
<Specific Example of Liquid Crystal Display Device>

Next, the appearance of apanel in the liquid crystal display device is described
with reference to FIGS. 20A and 20B. FIG. 20A is atop view of the panel in which a
substrate 4001 and a counter substrate 4006 are bonded to each other with a sealant
4005. FIG. 20B isacross-sectional view aong dashed line C-D in FIG. 20A.

[0162]

The sealant 4005 is provided so as to surround a pixel portion 4002 and a scan
line driver circuit 4004 provided over the substrate 4001. In addition, the counter
substrate 4006 is provided over the pixel portion 4002 and the scan line driver circuit
4004. Thus, the pixel portion 4002 and the scan line driver circuit 4004 are sealed
together with liquid crystal 4007 by the substrate 4001, the sealant 4005, and the
counter substrate 4006.

[0163]
A substrate 4021 provided with a signal line driver circuit 4003 is mounted in a
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region over the substrate 4001, which is different from a region surrounded by the
sealant 4005. FIG. 20B illustrates a transistor 4009 included in the signal line driver
circuit 4003, as an example.

[0164]

A plurdity of transistors are included in the pixel portion 4002 and the scan
line driver circuit 4004 which are provided over the substrate 4001. FIG. 20B
illustrates a transistor 4010 and a transistor 4022 that are included in the pixel portion
4002.

[0165]

A pixel electrode 4030 included in aliquid crystal element 4011 is electrically
connected to the transistor 4010. A counter €electrode 4031 of the liquid crystal
element 4011 is formed on the counter substrate 4006. A portion where the pixel
electrode 4030, the counter electrode 4031, and the liquid crystal 4007 overlap with one
another corresponds to the liquid crystal element 4011.

[0166]

A spacer 4035 is provided to control a distance (cell gap) between the pixel
electrode 4030 and the counter electrode 4031. FIG. 20B shows the case where the
spacer 4035 is formed by patterning of an insulating film; aternatively, a spherical
spacer may be used.

[0167]

A variety of signals and potentials that are applied to the signa line driver
circuit 4003, the scan line driver circuit 4004, and the pixel portion 4002 are supplied
from a connection terminal 4016 through leading wirings 4014 and 4015. The
connection terminal 4016 is electrically connected to a FPC 4018 with an anisotropic
conductive film 4019.

[0168]

Note that as the substrate 4001, the counter substrate 4006, and the substrate
4021, glass, ceramics, or plastics can be used. Plastics include, in its category, a
fiberglass-reinforced plastic (FRP) plate, a polyvinyl fluoride (PVF) film, a polyester
film, an acrylic resin film, and the like.

[0169]
Note that a substrate placed in a direction in which light is extracted through
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the liquid crystal element 4011 is formed using a light-transmitting material such as a
glass plate, plastic, apolyester film, or an acrylic film.
[0170]

FIG. 21 shows an example of a perspective view illustrating the structure of the
liquid crystal display device according to one embodiment of the present invehtion.
The liquid crystal display device in FIG. 21 includes a panel 1601 including a pixel
portion, afirst diffusion plate 1602, aprism sheet 1603, a second diffusion plate 1604, a
light guide plate 1605, a backlight panel 1607, a circuit board 1608, and a substrate
1611 provided with asignal line driver circuit.

[0171]

The panel 1601, the first diffusion plate 1602, the prism sheet 1603, the second
diffusion plate 1604, the light guide plate 1605, and the backlight panel 1607 are
sequentialy stacked. The backlight panel 1607 includes a backlight 1612 including a
plurality of backlight units. Light from the backlight 1612 that is diffused in the light
guide plate 1605 is delivered to the panel 1601 through the first diffusion plate 1602, the
prism sheet 1603, and the second diffusion plate 1604.

[0172]

Although the first diffusion plate 1602 and the second diffusion plate 1604 are
used here, the number of diffusion plates is not limited to two. One diffusion plate or
three or more diffusion plates may be provided. The diffusion plate may be provided
between the light guide plate 1605 and the panel 1601. Therefore, the diffusion plate
may be provided only on the side closer to the panel 1601 than the prism sheet 1603, or
may be provided only on the side closer to the light guide plate 1605 than the prism
sheet 1603.

[0173]

The prism sheet 1603 is not limited to having a sawtooth shape in section as
illustrated in FIG. 21 and can have a shape with which light from the light guide plate
1605 can be concentrated on the panel 1601 side.

[0174]

The circuit board 1608 is provided with a circuit which generates various

signals input to the panel 1601, a circuit which processes the signals, or the like. In

FIG. 21, the circuit board 1608 and the panel 1601 are connected to each other via a
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COF (chip on film) tape 1609. Further, the substrate 1611 provided with the signal
line driver circuits are connected to the COF tape 1609 by a chip on film (COF) method.
[0175]

FIG. 21 illustrates the example in which the circuit board 1608 is provided with
a controller circuit that controls driving of the backlight 1612 and the controller circuit
and the backlight panel 1607 are connected to each other via an FPC 1610. Note that
the control circuit may be formed over the panel 1601. In that case, the panel 1601
and the backlight panel 1607 are connected to each other through an FPC or the like.
[0176]
<Electronic Devices including Liquid Crystal Display Device>

Examples of electronic devices each including the liquid crystal display device
disclosed in this specification are described below with reference to FIGS. 22Ato 22F.
[0177]

FIG. 22A illustrates a laptop personal computer, which includes a main body
2201, ahousing 2202, adisplay portion 2203, akeyboard 2204, and the like.

[0178]

FIG. 22B illustrates a portable information terminal (PDA), which includes a
main body 2211 provided with a display portion 2213, an external interface 2215,
operation buttons 2214, and the like. A stylus 2212 for operation is included as an
accessory.

[0179]

FIG. 22C illustrates an e-book reader 2220. The e-book reader 2220 includes
two housings, a housing 2221 and a housing 2223. The housings 2221 and 2223 are
bound with each other by an axis portion 2237 along which the e-book reader 2220 can
be opened and closed. With such a structure, the e-book reader 2220 can be used as
paper books.

[0180]

A display portion 2225 is incorporated in the housing 2221, and a display
portion 2227 is incorporated in the housing 2223. The display portion 2225 and the
display portion 2227 may display one image or different images. In the case where the
display portions 2225 and 2227 display different images, for example, a display portion
on the right side (the display portion 2225 in FIG. 22C) can display text and a display
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portion on the left side (the display portion 2227 in FIG. 22C) can display images.
[0181]

Further, in FIG. 22C, the housing 2221 includes an operation portion and the
like. For example, the housing 2221 is provided with a power supply 2231, an
operation key 2233, a speaker 2235, and the like. With the operation key 2233, pages
can be turned. Note that a keyboard, a pointing device, or the like may aso be
provided on the surface of the housing, on which the display portion is provided.
Furthermore, an external connection termina (an earphone terminal, a USB terminal, a
termina that can be connected to an A C adapter or various cables such as a USB cable,
or the like), arecording medium insertion portion, and the like may be provided on the
back surface or the side surface of the housing. Further, the e-book reader 2220 may
have afunction of an electronic dictionary.

[0182]

The e-book reader 2220 may be configured to transmit and receive data
wirelessly. Through wireless communication, desired book data or the like can be
purchased and downloaded from an electronic book server.

[0183]

FIG. 22D illustrates a mobile phone. The mobile phone includes two
housings: housings 2240 and 2241. The housing 2241 is provided with a display panel
2242, a speaker 2243, a microphone 2244, a pointing device 2246, a camera lens 2247,
an external connection terminal 2248, and the like. The housing 2240 is provided with
a solar cell 2249 charging of the mobile phone, an external memory slot 2250, and the
like. An antenna isincorporated in the housing 2241.

[0184]

The display panel 2242 has a touch panel function. A plurality of operation
keys 2245 which are displayed as images are indicated by dashed lines in FIG. 22D.
Note that the mobile phohe includes a booster circuit for increasing a voltage output
from the solar cell 2249 to a voltage needed for each circuit. Moreover, the mobile |
phone can include a contactless IC chip, a small recording device, or the like in addition
to the above structure.

[0185]
The display orientation of the display panel 2242 changes as appropriate in
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accordance with the application mode. Further, the camera lens 2247 is provided on
the same surface as the display panel 2242, and thus it can be used as a video phone.
The speaker 2243 and the microphone 2244 can be used for videophone calls, recording,
and playing sound, etc. as well as voice calls. Furthermore, the housings 2240 and
2241 which are developed as illustrated in FIG. 22D can overlap with each other by
dliding; thus, the size of the mobile phone can be decreased, which makes the mobile
phone suitable for being carried.

[0186]

The external connection terminal 2248 can be connected to an AC adapter or a
variety of cables such as a USB cable, which enables charging of the mobile phone and
data communication. Moreover, alarger amount of data can be saved and transferred
by inserting a recording medium to the external memory dslot 2250. Further, in
addition to the above functions, an infrared communication function, a television
reception function, or the like may be provided.

[0187]

FIG. 22E illustrates a digital camera. The digital camera includes a main body
2261, adisplay portion (A) 2267, an eyepiece 2263, an operation switch 2264, a display
portion (B) 2265, abattery 2266, and the like.

[0188]

FIG. 22F illustrates atelevision set. In atelevision set 2270, adisplay portion
2273 isincorporated in ahousing 2271. The display portion 2273 can display images.
Here, the housing 2271 is supported by a stand 2275.

[0189]

The television set 2270 can be operated by an operation switch of the housing
2271 or a separate remote controller 2280. Channels and volume can be controlled
with an operation key 2279 of the remote controller 2280 so that an image displayed on
the display portion 2273 can be controlled. Moreover, the remote controller 2280 may
have a display portion 2277 in which the information outgoing from the remote
controller 2280 is displayed.

[0190]
Note that the television set 2270 is preferably provided with a receiver, a

modem, and the like. A general television broadcast can be received with the receiver.
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Moreover, when the television set is connected to a communication network with or
without wires via the modem, one-way (from a sender to a receiver) or two-way
(between a sender and a receiver or between receivers) data communication can be
performed.

[0191]

(Embodiment 3)

In this embodiment, one mode of a substrate used in the liquid crystal display
device according to one embodiment of the present invention will be described with
reference to FIGS. 23Ato 23E and 23C to 23E' and FIGS. 24Ato 24C.

[0192]

First, over a manufacturing substrate 6200, a layer 6116 to be separated from
the manufacturing substrate 6200 and including components necessary for an element
substrate, such as a transistor, an interlayer insulating film, a wiring, and a pixel
electrode, is formed with a separation layer 6201 separating the layer 6116 from the
manufacturing substrate 6200.

[0193]

The manufacturing substrate 6200 may be a quartz substrate, a sapphire
substrate, a ceramic substrate, a glass substrate, a metal substrate, or the like. Note that
the substrate has a thickness sufficient for not exhibiting excessive flexibility, whereby
an element such as atransistor can be formed with high accuracy. The description "the
substrate has a thickness sufficient for not exhibiting excessive flexibility" means that
the substrate has elasticity which is substantially the same as or higher than elasticity of
a glass substrate generally used in manufacture of aliquid crystal display.

[0194]

The separation layer 6201 is formed to have a single-layer structure or a
stacked structure including a layer formed of an element selected from tungsten (W),
molybdenum (Mo), titanium (Ti), tantalum (Ta), niobium (Nb), nickel (Ni), cobalt (Co),
zirconium (Zr), zinc (Zn), ruthenium (Ru), rhodium (Rh), palladium (Pd), osmium (Os),
iridium (Ir), or silicon (Si); or an alloy or compound material containing any of the
elements as its main component by a sputtering method, a plasma CVD method, a
coating method, a printing method, or the like.

[0195]
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If the case where the separation layer 6201 has a single-layer structure, it is
preferable to form atungsten layer, a molybdenum layer, or alayer containing a mixture
of tungsten and molybdenum.  Alternatively, the separation layer 6201 can be formed
using a layer containing an oxide of tungsten, a layer containing an oxynitride of
tungsten, a layer containing an oxide of molybdenum, alayer containing an oxynitride
of molybdenum, or alayer containi ng an oxide or an oxynitride of amixture of tungsten
and molybdenum.  Note that the mixture of tungsten and molybdenum corresponds to,
for example, an alloy of tungsten and molybdenum.

[0196]

In the case where the separation layer 6201 has a stacked structure, it is
preferable that a metal layer be formed as afirst layer and a metal nitride oxide layer be
formed as a second layer. Typically, a tungsten layer, a molybdenum layer, or a layer
containing a mixture of tungsten and molybdenum is preferably formed as the first layer.
An oxide of tungsten, molybdenum, or a mixture of tungsten and molybdenum; anitride
of tungsten, molybdenum, or a mixture of tungsten and molybdenum; an oxynitride of
tungsten, molybdenum, or a mixture of tungsten and molybdenum; or anitride oxide of
tungsten, molybdenum, or a mixture of tungsten and molybdenum is preferably formed
as the second layer. The metal oxide layer of the second layer may be formed as
follows: an oxide layer (for example, alayer which can be used as an insulating layer
such as a silicon oxide layer) isformed over the metal layer of the first layer, so that an
oxide of the metal isformed over a surface of the metal layer.

[0197]

Then, the layer 6116 to be separated is formed over the separation layer 6201
(see FIG. 23A). The layer 6116 to be separated includes component necessary for an
element substrate, such as atransistor, an interlayer insulating film, awiring, and a pixel
electrode.  Such components can be formed by aphotolithography step.

[0198]

Then, the layer 6116 to be separated is bonded to a temporary supporting
substrate 6202 with an adhesive 6203 for separation, and the layer 6116 to be separated
is separated from the separation layer 6201 which is formed over the manufacturing
substrate 6200 and transferred (see FIG. 23B). By this process, the layer 6116 is
placed on the temporary supporting substrate side. In this specification, a step in
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which the layer to be separated is transferred from the manufacturing substrate side to
the temporary supporting substrate side isreferred to as atransfer step.
[0199]

As the temporary supporting substrate 6202, a glass substrate, a quartz
substrate, a sapphire substrate, a ceramic substrate, a metal substrate, or the like can be
used. Alternatively, a plastic substrate which can withstand the process temperature
performed later may be used.

[0200]

As the adhesive 6203 for separation which is used here, an adhesive which is
soluble in water or a solvent, an adhesive which is capable of being plasticized upon
irradiation of UV light, and the like are used so that the temporary supporting substrate
6202 and the layer 6116 to be separated can be separated when necessary.

[0201]

A variety of methods can be given as a method as the step for transferring the
layer to be separated to the temporary supporting substrate 6202. For example, when a
layer including a metal oxide film is formed as the separation layer 6201 on the side in
contact with the layer 6116 to be separated, the metal oxide film is embrittled by
crystalization, whereby the layer 6116 to be separated can be separated from the
manufacturing substrate 6200. In the case where an amorphous silicon film containing
hydrogen is formed as the separation layer 6201 between the manufacturing substrate
6200 and the layer 6116 to be separated, the amorphous silicon film containing
hydrogen is removed by irradiation with laser light or etching, whereby the layer 6116
to be separated can be separated from the manufacturing substrate 6200. Alternatively,
in the case where a film containing nitrogen, oxygen, hydrogen, or the like (e.g., an
amorphous silicon film containing hydrogen, afilm of an aloy containing hydrogen, or
afilm of an aloy containing oxygen) is used as the separation layer 6201, the separation
layer 6201 isirradiated with layer light so that nitrogen, oxygen, or hydrogen contained
in the separation layer 6201 isreleased as a gas to promote separation between the layer
6116 to be separated and the manufacturing substrate 6200. As another method for
separation, an interface between the separation layer 6201 and the layer 6116 to be
separated is soaked with liquid, whereby the layer 6116 is separated from the

manufacturing substrate 6200. Further, as another separation method, when the
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separation layer 6201 is formed using tungsten, the separation may be performed while
the separation layer 6201 is etched with use of amixed solution of ammonia water and a
hydrogen peroxide solution.

[0202]

When a plurality of the above-described separation methods is combined, a
separation step can be conducted easily. The separation step using combined methods
is performed as follows. Laser light irradiation, etching with a gas, a solution, or the
like, mechanical removing with a sharp knife or scalpel is partialy applied to the
separation layer 6201, so that the separation layer 6201 and the layer 6116 to be
separated can be in a state where separation is easily conducted; and after that,
separation is performed with physical force (by a machine or the like). In the case
where the separation layer 6201 is formed to have a stacked structure of a metal and a
metal oxide, agroove formed by laser irradiation or a scratch formed with a sharp knife
or scalpel are used as atrigger, so that physical separation of the separation layer 6201
can be easily formed.

[0203]

Further alternatively, the separation may be performed while pouring a liquid
such aswater during the separation.
[0204]

As an dternative method for separating the layer 6116 to be separated from the
manufacturing substrate 6200, a method in which the manufacturing substrate 6200
provided with the layer 6116 to be separated is removed by mechanical polishing or the
like, a method in which the manufacturing substrate 6200 is removed by etching with
use of asolution or ahalogen fluoride gas such as NF;, BrF,, or C1F;, or the like can be
used. Inthis case, the separation layer 6201 is not necessarily provided.

[0205]

Next, the exposed separation layer 6201 separated from the manufacturing
substrate 6200 or a surface of separated the layer 6116 are bonded to atransfer substrate
6110 with a first adhesive layer 6111 different from the adhesive 6203 for separation
(see FIG. 23C).

[0206]
As a material of the first adhesive layer 6111, any kind of curable adhesives,
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e.g., alight curable adhesive such asaUV curable adhesive, areactive curable adhesive,
athermal curable adhesive, and an anaerobic adhesive can be used.
[0207]

As the transfer substrate 6110, a substrate with high toughness is used. For
example, an organic resin film, a metal substrate, or the like can be preferably used.
The substrate with high toughness is excellent in impact resistance and hardly damaged.
When the organic resin film or the metal substrate are employed, significant reduction
in weight can be achieved as compared to the case where a general glass substrate is
used, because the organic resin film and the thin metal substrate are lightweight.  With
such a substrate, a display device which is light and hardly damaged can be
manufactured.

[0208]

As amateria included in such a substrate, for example, a polyester resin such
as polyethylene terephthalate (PET) or polyethylene naphthalate (PEN), an acrylic resin,
a polyacrylonitrile resin, a polyimide resin, a polymethyl methacrylate resin, a
polycarbonate (PC) resin, a polyethersulfone (PES) resin, a polyamide resin, a
cycloolefin resin, apolystyrene resin, apolyamide imide resin, apolyvinylchloride resin,
or the like can be used. The substrate including any of the above organic resins has
high toughness and thus is excellent in impact resistance and hardly damaged.  Further,
since the organic resin film is light, adisplay device which can be highly lightweight, as
compared to the case of using a general glass substrate, can be manufactured. In this
case, it is preferable that the transfer substrate 6110 be provided with a metal plate 6206
which has openings at portions overlapping with at least regions through which light of
pixels is transmitted. With such a structure, the transfer substrate 6110 in which a
change in size is suppressed can have high toughness and be excellent in impact
resistance and hardly damaged. Further, when the thickness of the metal plate 6206 is
reduced, the weight of the transfer substrate 6110 can be smaller than that of the
conventional glass substrate. With such a substrate, a display device which is
lightweight and hardly damaged can be manufactured (see FIG 23D).

[0209]

FIG. 24A illustrates an example of atop view of aliquid crystal display device.

In FIG. 24A, a first wiring layer 6210 and a second wiring layer 6211 intersect with
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each other, and aregion surrounded by the first wiring layer 6210 and the second wiring
layer 6211 is a region 6212 through which light is transmitted. In the liquid crystal
display device illustrated in FIG. 24A, the portion overlapping with the first wiring layer
6210 and the second wiring layer 6211 is left as illustrated in FIG. 24B; thus, the metal
plate 6206 having openings designed in agrid is preferably used. When such a metal
plate 6206 is attached to the liquid crystal display device, degradation in alignment
accuracy due to use of the organic resin substrate or a change in size due to extension of
the substrate can be suppressed (see FIG. 24C). Further, in the case where a
polarization plate (not illustrated) is needed, the polarization plate may be provided
between the transfer substrate 6110 and the metal plate 6206 or on an outer side of the
metal plate 6206. The polarization plate may be attached to the metal plate 6206 in
advance. In consideration of lightweight, it is preferable to employ a substrate whose
thickness is reduced to the extent that the metal plate 6206 gives the effect of the
dimension stabilization.

[0210]

After that, the temporary supporting substrate 6202 is separated from the layer
6116. The adhesive 6203 for separation is formed using a materia which alows
separation between the temporary supporting substrate 6202 and the layer 6116 when
needed; thus, the temporary supporting substrate 6202 may be separated by a method
appropriate for the material. Note that light from the backlight is emitted in the
direction of arrows (see FIG. 23E).

[0211]

As described above, the layer 6116 where atransistor and a pixel electrode are
formed can be formed over the transfer substrate 6110, and an element substrate which
islightweight and excellent in impact resistance can be manufactured.

[0212]
<Modification Example>

A display device having the aforementioned structure is one embodiment of the
present invention, and the present invention includes a display device described below,
which has some differences from the aforementioned display device. After the transfer
step (see FIG. 23B) and before bonding of the transfer substrate 6110, the metal plate
6206 may be bonded to a surface of the exposed separation layer 6201 or the surface of



10

15

20

25

30

WO 2012/002165 63 PCT/JP2011/063855

the separated layer 6116 (see FIG. 23C). In this case, a barrier layer 6207 is
preferably provided between the metal plate 6206 and the layer 6116 in order to prevent
contaminants in the metal plate 6206 from giving an adverse effect on characteristics of
the transistor provided for the layer 6116. In the case of providing the barrier layer
6207, the barrier layer 6207 may be provided on the surface of the exposed separation
layer 6201 or the surface of the layer 6116, and then the metal plate 6206 may be
bonded. The barrier layer 6207 is preferably formed using an inorganic material or an
organic material, e.g., silicon nitride; however, a material of the barrier layer 6207 is not
limited thereto as long as contamination of the transistor can be prevented. The barrier
layer 6207 isformed so as to have alight-transmitting property at least with respect to
visible light; for example, the barrier layer 6207 is formed using a light-transmitting
material or formed with a small thickness enough to have a light-transmitting property.
Note that for the bond of the metal plate 6206, a second adhesive layer (not illustrated)
which is formed using a different adhesive from the adhesive 6203 for separation may
be used.

[0213]

Next, the first adhesive layer 6111 is formed on the surface of the metal plate
6206 and the transfer substrate 6110 is bonded thereto (see FIG. 23D'). Then, the
temporary supporting substrate 6202 is separated from the layer 6116 (see FIG. 23E)).
Thus, an element substrate which is lightweight and excellent in impact resistance can
be manufactured. Note that light from the backlight is emitted in the direction of
arrows.

[0214]

When the thus manufactured element substrate which is lightweight and
excellent in impact resistance and the counter substrate are fixed to each other with a
sealant with the liquid crystal layer interposed therebetween, a liquid crystal display
device which is lightweight and excellent in impact resistance can be manufactured.
As the counter substrate, a substrate with high toughness and a light-transmitting
property with respect to visible light (which is similar to a plastic substrate that can be
used for the transfer substrate 6110) can be used. If necessary, a polarization plate, a

black matrix, and an alignment film may be further provided. As aformation method
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of the liquid crystal layer, a dispenser method, an injection method, or the like can be
used.
[0215]

In the above described liquid crystal display device which is lightweight and
excellent in impact resistance, a minute element such as atransistor can be formed over
a glass substrate whose dimension stability is-relatively favorable. In addition, the
conventional manufacturing method can be applied to such a liquid crystal display
devicee. Thus, a minute element can be formed with high accuracy. Therefore, a
lightweight liquid crystal display device which can provide images having higher
definition and high quality and has impact resistance, can be provided.

[0216]
In addition, the above manufactured liquid crystal display device can have

flexibility.

EXPLANATION OF REFERENCES

[0217]

10: pixel portion, 11: scan line driver circuit, 12: signal line driver circuit, 13: scan line,
14: signal line, 15: pixel, 16: transistor, 17: capacitor, 18: liquid crystal element, 19:
liquid crystal panel, 20: pulse output circuit, 21: terminal, 22: terminal, 23: terminal, 24:
terminal, 25: terminal, 26: terminal, 27: terminal, 31: transistor, 32: transistor, 33:
transistor, 34: transistor, 35: transistor, 36: transistor, 37: transistor, 38: transistor, 39:
transistor, 40: backlight panel, 41: backlight array, 4lai: backlight array, 41a,: backlight
array, 4las: backlight array, 41a_i: backlight array, 4Vb;: backlight array, 41ci: backlight
array, 41c,: backlight array, 42: backlight unit, 45: backlight driver circuit, 46a: pulse
width modulation circuit, 50: transistor, 51: transistor, 52: transistor, 53: transistor, 70:
image processing circuit, 71: AD converter, 72: frame memory, 73. maximum value
detection circuit, 73a: maximum value detection circuit, 73b: maximum value detection
circuit, 73c: maximum value detection circuit, 74: gamma correction circuit, 74a
gamma correction circuit, 74b: gamma correction circuit, 74c. gamma correction circulit,
101: region, 102: region, 103: region, 120: shift register, 121: transistor, 220: substrate,
221: insulating layer, 222: conductive layer, 223: insulating layer, 224: semiconductor

layer, 225a: conductive layer, 225b: conductive layer, 226: conductive layer, 227:
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insulating layer, 228: conductive layer, 229: insulating layer, 230: planarization
insulating layer, 231: transparent conductive layer, 240: counter substrate, 241:
transparent conductive layer, 242: blocking layer, 250: liquid crystal layer, 265:
transparent conductive layer, 1601: panel, 1602: diffusion plate, 1603: prism sheet,
1604: diffusion plate, 1605: light guide plate, 1607: backlight panel, 1608: circuit board,
1609: COF tape, 1610: FPC, 1611: substrate, 1612: backlight, 2201: main body, 2202:
housing, 2203: display portion, 2204: keyboard, 2211: main body, 2212: stylus, 2213:
display portion, 2214: operation button, 2215: externa interface, 2220: e-book reader,
2221: housing, 2223: housing, 2225: display portion, 2227: display portion, 2231:
power supply, 2233: operation key, 2235: speaker, 2237: axis portion, 2240: housing,
2241: housing, 2242: display panel, 2243: speaker, 2244: microphone, 2245: operation
key, 2246. pointing device, 2247. camera lens, 2248: external connection terminal,
2249: solar cell, 2250: externa memory slot, 2261: main body, 2263: eyepiece, 2264:
operation switch, 2265: display portion (B), 2266: battery, 2267: display portion (A),
2270: television set, 2271: housing, 2273: display portion, 2275: stand, 2277: display
portion, 2279: operation key, 2280: separate remote controller, 2400: substrate, 2401.
gate layer, 2402: gate insulatihg layer, 2403: semiconductor layer, 2405a: source layer,
2405b: drain layer, 2406: channel protective layer, 2407: insulating layer, 2409:
protective insulating layer, 2411: gate layer, 2412: gate layer, 2413: gate insulating layer,
2414. gate insulating layer, 2436: base layer, 2450: transistor, 2460: transistor, 2470:
transistor, 2480: transistor, 4001: substrate, 4002: pixel portion, 4003: signal line driver
circuit, 4004: scan line driver circuit, 4005: sealant, 4006: counter substrate, 4007:
liquid crystal, 4009: transistor, 4010: transistor, 4011: liquid crystal element, 4014:
wiring, 4015: wiring, 4016: connection terminal, 4018: FPC, 4019: anisotropic
conductive film, 4021: substrate, 4022: transistor, 4030: pixel electrode, 4031: counter
electrode, 4035: spacer, 6110: transfer substrate, 6111: adhesive layer, 6116: layer,
6200: manufacturing substrate, 6201: separation layer, 6202: temporary supporting
substrate, 6203: adhesive for separation, 6206: metal layer, 6207: barrier layer, 6210:
wiring layer, 6211: wiring layer, 6212: region

This application is based on Japanese Patent Application serial no.
2010-152411 filed with Japan Patent Office on July 2, 2010, the entire contents of
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which are hereby incorporated by reference.
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CLAIMS

1. A liquid crystal display device comprising a liquid crystal panel and an
image processing circuit, the image processing circuit comprising:
aframe memory configured to store at least data of an image to be displayed by
the liquid crystal panel; and
amaximum value detection circuit functionally connected to the frame memory,
and comprising:
a first maximum value detection sub-circuit configured to detect a
maximum brightness of afirst color tone in afirst region of the image; and
a second maximum value detection sub-circuit configured to detect a

maximum brightness of a second color tone in a second region of the image.

2. A liquid crystal display device according to clam 1, the image processing
circuit further comprising a gamma correction circuit, the gamma correction circuit
comprising:

afirst gamma correction sub-circuit electricaly connected to the first
maximum value detection sub-circuit and to the liquid crystal panel, and configured to
perform gamma correction on data of the first region of the image in accordance with
the maximum brightness of the first color tone detected in the first region of the image;
and

a second gamma correction sub-circuit electrically connected to the
first maximum value detection sub-circuit and to the liquid crystal panel, and configured
to perform gamma correction on data of the second region of the image in accordance
with the maximum brightness of the second color tone detected in the second region of

the image.

3. A liquid crystal display device according to clam 2,

wherein the first gamma correction sub-circuit and the second gamma
correction sub-circuit are electrically connected to the liquid crystal panel;

wherein the first gamma correction sub-circuit is configured so that a

transmittance of a pixel of the liquid crystal panel to have the maximum brightness of
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the first color tone in the first region is maximal among the transmittance of the pixels
of the first region; and

wherein the second gamma correction sub-circuit is configured so that a
transmittance of a pixel of the liquid crystal panel to have the maximum brightness of
the second color tone in the second region is maximal among the transmittance of the

pixels of the second region.

4. A liquid crystal display device according to claim 1, further comprising a
backlight panel and abacklight driver circuit, the backlight driver circuit comprising:

a first pulse modulation circuit electrically connected to the first maximum
value detection sub-circuit and to the backlight panel; and

a second pulse modulation circuit electrically connected to the second

maximum value detection sub-circuit and to the backlight panel.

5.A liquid crystal display device according to claim 4,
wherein the backlight panel comprises a first backlight array electrically
connected to the first pulse modulation circuit and a second backlight array electrically

connected to the second pulse modulation circuit.

6. A liquid crystal display device according to claim 4, wherein the backlight

panel includes an LED used as light source.

7. An electronic device comprising the liquid crystal display device according

toclam 1.

8. A method for driving a liquid crystal display device comprising pixels
arranged in a matrix of m rows by n columns, m and n being natural numbers greater
than or equal to 4, a maximum value detection circuit, and a backlight panel to emit
light through the pixels, the driving method including steps of:

inputting, into the maximum value detection circuit, afirst color image signal
for controlling light transmittances of pixels provided in the first to A-th rows of the

matrix and corresponding to emission of light of a first color tone, A being a natural
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number less than or equal to m/2;

inputting, into the maximum value detection circuit, a second color image
signal for controlling light transmittances of pixels provided in the (A+l)-th to 2A-th
rows of the matrix and corresponding to emission of light of a second color tone;

detecting, in the first color image signal, a first color maxima image signal
corresponding to the highest brightness of the first color tone to be displayed in a pixel
of afirst region, the first region being one of p regions into which the pixels of the first
to A-th rows are divided,/? being anatural number greater than or equal to 2;

detecting, in the second color image signal, a second color maximal image
signal corresponding to the highest brightness of the second color tone to be displayed
in a pixel of a second region, the second region being one of g regions into which the
pixels of the (A+l)-th to 2A-th rows are divided, g being a natural number greater than
or equal to 2;

applying gamma correction to the first color image signal so that transmittance
of afirst pixel for emitting light corresponding to the first color maximal image signa is
set to maximum;

applying gamma correction to the second color image signal so that
transmittance of a second pixel for emitting light corresponding to the second color
maximal image signal is set to maximum;

emitting, using the backlight panel, light of the first color tone in pixels of thep
regions so that light emitted by the first pixel be of the highest brightness in the first
color image signal for the first color tone to be displayed in the first region; and

emitting, using the backlight panel, light of a second color in pixels of q
regions so that light emitted by the second pixel be of the highest brightness in the
second color image signal for the second color tone to be displayed in the second

region.

9. A method for driving aliquid crystal display device according to claim 8,

wherein light emission of the first color tone in pixels of the p regions is
controlled by using afirst pulse width modulation circuit connected separately to each
of thep regions and at a duty ratio lower than or equal to I/(p-1); and

wherein light emission of the second color tone in pixels of the q regions is



10

15

20

25

30

WO 2012/002165 70 PCT/JP2011/063855

controlled by using a second pulse width modulation circuit connected separately to

each of the (Jregions and at a duty ratio lower than or equal to \I(g-1).

10. A method for driving a liquid crystal display device according to claim 8,

wherein the backlight panel includes an LED used as light source.

11. A method for driving a liquid crystal display device according to claim 8,
wherein the backlight panel emits light with a frequency higher than or equal to 100 Hz
and lower than or equal to 10 GHz.

12. A method for driving a liquid crystal display device comprising pixels
arranged in a matrix of Mrows by N columns, Mand N being natural numbers greater
than or equal to 4, a maximum value detection circuit, and a backlight panel to emit
light through the pixels, the driving method including steps of:

inputting, into the maximum value detection circuit, a first color image signal
for controlling Iight' transmittances of pixels provided in the first to A-th rows of the
matrix and corresponding to emission of light of a first color tone, A being a natural
number less than or equal to mil;

inputting, into the maximum value detection circuit, a second color image
signal for controlling light transmittances of pixels provided in the (A+l)-th to 2A-th
rows of the matrix and corresponding to emission of light of a second color tone;

detecting, in the first color image signal, a first color maximal image signal
corresponding to the highest brightness of thefirst color tone;

detecting, in the second color image signal, a second color maximal image
signal corresponding to the highest brightness of the second color tone;

applying gamma correction to the first color image signal so that transmittance
of afirst pixel for emitting light corresponding to the first color maximal image signal is
set to maximum;

applying gamma correction to the second color image signal so that
transmittance of a second pixel for emitting light corresponding to the second color
maximal image signal is set to maximum;

emitting, using the backlight panel, light of the first color tone in pixels of the
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first to A-th rows that light emitted by the first pixel be of the highest brightness in the
first color image signal for the first color tone; and _

emitting, using the backlight panel, light of a second color in pixels of the
(A+)-th to 2A-th rows so that light emitted by the second pixel be of the highest

brightness in the second color image signal for the second color tone.

13. A method for driving aliquid crystal display device according to claim 12,

wherein the detection in the first color image signa is the detection of the
highest brightness of the first color tone to be displayed in a pixel of the first to B-th
rows, B being anatural number less than or equal to A/2;

wherein the detection in the second color image signal is the detection of the
highest brightness of the second color tone to be displayed in apixel of the (A+l)-th to
(A+B)-th rows,

wherein light of the first color tone is emitted in the first to B-th rows so that
light emitted by the first pixel be of the highest brightness for the first color tone to be
displayed in pixels of the first to B-th rows; and

wherein light of the second color tone is emitted in the (A+l)-th to (A+B)-th
rows so that light emitted by the second pixel be of the highest brightness for the second
color tone to be displayed in pixels of the (A+l)-th to (A+B)-th rows.

14. A method for driving aliquid crystal display device according to claim 12,

wherein the backlight panel includes an LED used as light source.

15. A method for driving aliquid crystal display device according to claim 12,
wherein the backlight panel emits light with a frequency higher than or equal to 100 Hz
and lower than or equal to 10 GHz.
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