wo 20117122312 A1 I 0O 00RO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

7
4
4 ]

(43) International Publication Date
6 October 2011 (06.10.2011)

PO

(10) International Publication Number

WO 2011/122312 Al

International Patent Classification:
GO2F 1/1368 (2006.01) G09G 3/20 (2006.01)
GO2F 1/133 (2006.01) G09G 3/36 (2006.01)

(51

(21) International Application Number:

PCT/JP2011/055859

(22) International Filing Date:

7 March 2011 (07.03.2011)
English
English

(25)
(26)
(30)

Filing Language:
Publication Language:

Priority Data:

2010-083480 31 March 2010 (31.03.2010) JpP

Applicant (for all designated States except US): SEMI-
CONDUCTOR ENERGY LABORATORY CO., LTD.
[JP/JP]; 398, Hase, Atsugi-shi, Kanagawa, 2430036 (JP).

1

(72)
(73)

Inventors; and

Inventors/Applicants (for US only): KOYAMA, Jun
[JP/JP]; ¢/o SEMICONDUCTOR ENERGY LABORA-
TORY CO., LTD., 398, Hase, Atsugi-shi, Kanagawa,
2430036 (JP). YAMAZAKI, Shunpei.

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE,
SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR, TT,
TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report (Art. 21(3))

(54) Title: LIQUID CRYSTAL DISPLAY DEVICE AND METHOD FOR DRIVING THE SAME

FIG. 1A

(57) Abstract: To increase the frequency
of input of image signals, a pixel portion
of a liquid crystal display device is divid-
ed into a plurality of regions, and input of

14

image signals is controlled in each of the
plurality of regions. As a result, a plurality
of scan lines can be selected at the same
time in the liquid crystal display device.
That is, in the liquid crystal display de-
vice, image signals can be simultaneously
supplied to pixels placed in a plurality of
rows, among pixels arranged in matrix.

Thus, the frequency of input of an image
signal to each pixel can be increased with-
out change in response speed of a transis-
tor or the like included in the liquid crys-
tal display device.
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DESCRIPTION

LIQUID CRYSTAL DISPLAY DEVICE AND METHOD FOR DRIVING THE
SAME

TECHNICAL FIELD
[0001]

The present invention relates to a liquid crystal display device and a method for
driving the liquid crystal display device. In particular, the present invention relates to
a liquid crystal display device in which images are displayed by a field sequential

method, and a method for driving the liquid 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 a liquid 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 transmission of white light is controlled in each subpixel and a plurality
of colors are mixed in each pixel. On the other hand, in a liquid crystal display device
in which images are displayed by a field 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 produced in such a manner that the plurality of light sources
sequentially emit light and transmission of light of each color is controlled in each pixel.
In other words, a desired color is produced by dividing the area of one pixel by lights of
given colors in a color filter method, whereas a desired color is produced by dividing a
display period by lights of given colors in a field sequential method.

[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

which images are displayed by a color filter method. First, in the liquid crystal display
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device employing a field sequential method, it is not necessary to provide subpixels in a
pixel. Thus, the aperture ratio or the number of pixels can be increased. In addition,
in the liquid crystal display device employing a field 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. For that reason, the transmittance can be increased and
power consumption can be reduced.

[0004]

Patent Document 1 discloses a liquid crystal display device in which images
are displayed by a field 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,
writing of an image signal to the signal storage capacitor and display corresponding to
electric charge held at the display pixel capacitor can be performed at the same time.
[Reference]

[0005]
Patent Document 1: Japanese Published Patent Application No. 2009-042405

DISCLOSURE OF INVENTION
[0006]

In a liquid crystal display device in which images are displayed by a field
sequential method, the frequency of input of an image signal to each pixel needs to be
increased. For example, in the case where images are displayed by a field sequential
method in a liquid crystal display device including three kinds of light sources, each of
which emits one of red (R) light, green (G) light, and blue (B) light, the frequency of
input of an image signal to each pixel needs to be at least three times as high as that of a
liquid crystal display device in which images are displayed by a color filter method.
Specifically, in the case where the frame frequency is 60 Hz, an image signal needs to
be input to each pixel 60 times per second in the liquid crystal display device in which
images are displayed by a color filter method; whereas an image signal needs to be

input to each pixel 180 times per second in the case where images are displayed by a
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field sequential method in the liquid crystal display device including three kinds of light
SOUICES.
[0007]

Note that high-speed response of an element included in each pixel is required,
accompanied by the increase in the input frequency of image signals. Specifically, the
increase in mobility of a transistor provided in each pixel is required, for example.
However, it is not easy to improve characteristics of the transistor or the like.

[0008]

In view of the above, an object of one embodiment of the present invention is
to increase the frequency of input of image signals in terms of design.
[0009]

The above-described object can be achieved in the following manner: a pixel
portion of a liquid crystal display device is divided into a plurality of regions, and input
of an image signal is controlled in each of the plurality of regions.

[0010]

According to one embodiment of the present invention, a liquid crystal display
device includes a first signal line supplied with a first image signal in a horizontal scan
period, a second signal line supplied with a second image signal in the horizontal scan
period, a first scan line and a second scan line supplied with a selection signal in the
horizontal scan period, a first pixel electrically connected to the first signalAline and the
first scan line, and a second pixel electrically connected to the second signal line and the
second scan line.

[0011}

In the liquid crystal display device according to one embodiment of the present
invention, a plurality of scan lines can be selected at the same time. That is, in the
liquid crystal display device according to one embodiment of the present invention,
image signals can be simultaneously supplied to pixels placed in a plurality of rows,
among pixels arranged in matrix. Thus, the frequency of input of an image signal to
each pixel can be increased without change in response speed of a transistor or the like

included in the liquid crystal display device.

BRIEF DESCRIPTION OF DRAWINGS
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[0012]

In the accompanying drawings:

FIG. 1A illustrates a structural example of a liquid crystal display device, and
FIGS. 1B to 1D each illustrate a configuration example of a pixel;

FIG. 2A illustrates a structural example of a scan line driver circuit, FIG. 2B
illustrates a configuration example of a selector circuit, and FIG. 2C illustrates a
configuration example of a buffer;

FIG. 3 illustrates operation of a scan line driver circuit;

FIG. 4A illustrates a structural example of a signal line driver circuit, and FIG
4B illustrates an operation example of a liquid crystal display device;

FIG. 5A illustrates a variation of a buffer, and FIG. 5B illustrates change in
potential of signals;

FIG. 6 illustrates a structural example of a transistor;

FIGS. 7A to 7C each illustrate a structural example of a transistor; and

FIGS. 8A to 8F each illustrate an example of an electronic device.

BEST MODE FOR CARRYING OUT THE INVENTION
[0013]

Embodiments of the present invention will be described below in detail with
reference to the accompanying drawings. Note that the present invention is not limited
to the description below, and it is easily understood by those skilled in the art that a
variety of changes and modifications can be made without departing from the spirit and
scope of the present invention. Therefore, the present invention should not be
construed as being limited to the description of the embodiments.

[0014]

First, an example of a liquid crystal display device in which images are
displayed by a field sequential method will be described with reference to FIGS. 1A to
1D, FIGS. 2A to 2C, FIG. 3, and FIGS. 4A and 4B.

[0015]
(Structural Example of Liquid Crystal Display Device)
FIG. 1A illustrates a structural example of a liquid crystal display device. The

liquid crystal display device in FIG. 1A includes a pixel portion 10; a scan line driver
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circuit 11; a signal line driver circuit 12; a transfer signal line driver circuit 13; 3n scan
lines 14 (n is a natural number of 2 or more) arranged parallel or approximately parallel
to each other; m signal lines 151, m signal lines 152, and m signal lines 153 (m is a
natural number of 2 or more) arranged parallel or approximately parallel to each other;
and a transfer signal line 16 having 3n branch lines arranged parallel or approximately
parallel to the scan lines 14. The potentials of the scan lines 14 are controlled by the
scan line driver circuit 11. The potentials of the signal lines 151, 152, and 153 are
controlled by the signal line driver circuit 12.

[0016]

The pixel portion 10 is divided into three regions (regions 101 to 103), and
each region includes a plurality of pixels arranged in matrix (of n rows and m columns).
Each of the scan lines 14 is electrically connected to m pixels arranged in a given row,
among the plurality of pixels arranged in matrix (of 3n rows and m columns) in the
pixel portion 10. Each of the signal lines 151 is electrically connected to n pixels
arranged in a given column, among the plurality of pixels arranged in matrix (of n rows
and m columns) in the region 101. Each of the signal lines 152 is electrically
connected to n pixels arranged in a given column, among the plurality of pixels
arranged in matrix (of # rows and m columns) in the region 102. Each of the signal
lines 153 is electrically connected to n pixels arranged in a given column, among the
plurality of pixels arranged in matrix (of n rows and m columns) in the region 103.
The transfer signal line 16 is electrically connected to all the plurality of pixels arranged
in matrix (of 3rn rows and m columns) in the pixel portion 10.

[0017]

To the scan line driver circuit 11, start signals (GSP1 to GSP3) for the scan line
driver circuit, a clock signal (GCK) for the scan line driver circuit, and drive power
supplies such as high power supply potentials (VDD1 and VDD?2) and a low power
supply potential (VSS) are input from the outside. To the signal line driver circuit 12,
signals such as a start signal (SSP) for the signal line driver circuit, a clock signal (SCK)
for the signal line driver circuit, and image signals (DATA1 to DATA3) and drive power
supplies such as a high power supply potential and a low power supply potential are
input from the outside.

[0018]



10

15

20

25

30

WO 2011/122312 PCT/JP2011/055859

FIGS. 1B to 1D each illustrate an example of a circuit configuration of a pixel.
Specifically, FIG. 1B illustrates an example of a circuit configuration of a pixel 171
placed in the region 101. FIG. 1C illustrates an example of a circuit configuration of a
pixel 172 placed in the region 102. FIG. 1D illustrates an example of a circuit
configuration of a pixel 173 placed in the region 103. The pixel 171 in FIG 1B
includes a transistor 1711, a capacitor 1712, a transistor 1713, and a liquid crystal
element 1714. A gate of the transistor 1711 is electrically connected to the scan line 14.
One of a source and a drain of the transistor 1711 is electrically connected to the signal
line 151. One of electrodes of the capacitor 1712 is electrically connected to the other
of the source and the drain of the transistor 1711. The other of the electrodes of the
capacitor 1712 is electrically connected to a wiring that supplies a capacitor potential.
A gate of the transistor 1713 is electrically connected to the transfer signal line 16.
One of a source and a drain of the transistor 1713 is electrically connected to the other
of the source and the drain of the transistor 1711 and one of the electrodes of the
capacitor 1712. One of electrodes (a pixel electrode) of the liquid crystal element
1714 is electrically connected to the other of the source and the drain of the transistor
1713. The other of the electrodes (a counter electrode) of the liquid crystal element
1714 is electrically connected to a wiring that supplies a counter potential.

[0019]

The pixel 172 in FIG. 1C and the pixel 173 in FIG. 1D have the same circuit
configuration as the pixel 171 in FIG. 1B. Note that the pixel 172 in FIG. 1C differs
from the pixel 171 in FIG. 1B in that one of a source and a drain of a transistor 1721 is
electrically connected to the signal line 152 instead of the signal line 151. The pixel
173 in FIG 1D differs from the pixel 171 in FIG. 1B in that one of a source and a drain
of a transistor 1731 is electrically connected to the signal line 153 instead of the signal
line 151.

{0020]

Note that the liquid crystal element illustrated in FIGS. 1B to 1D is preferably
formed using a liquid crystal material exhibiting a blue phase. Here, a liquid crystal
material refers to a mixture that includes liquid crystals and is used for a liquid crystal
layer. By using a liquid crystal material exhibiting a blue phase, the rise time and fall

time of the liquid crystal element can be 200 microseconds or less.
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[0021}
(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
illustrated in FIG. 2A includes shift registers 111 to 113 each having 3n output terminals,
and 3n buffers 114 each having three input terminals and one output terminal. Three
input terminals of the buffer 114 are electrically connected to different k-th output
terminals (k is a natural number of 1 to 3n) of the shift registers 111 to 113.  The output
terminal of the buffer 114 is electrically connected to the scan line 14 in the k-th row in
the pixel portion 10.

[0022]

The shift register 111 includes pulse output circuits of 3z stages (pulse output
circuits 111_1 to 111_3n) and selector circuits 1110_1 and 1110_2. The pulse output
circuits 111 1 td 111_3n have a function of sequentially shifting a signal by using the
start signal (GSP1) input to the first-stage pulse output circuit, as a trigger (i.c., a
function of delaying the signal by a 1/2 cycle of the clock signal (GCK) and outputting
the resulting signal). The selector circuits 1110_1 and 1110_2 each have a function of
selecting an output signal of the shift register 111 from an output signal of the pulse
output circuit and the low power supply potential (VSS). The selector circuit 1110_1
is provided between the (n+1)th-stage pulse output circuit 111_n+1, the (n+2)th-stage
pulse output circuit 111_n+2, and the (n+1)th output terminal of the shift register 111
(the (n+1)th buffer 114). The selector circuit 1110 _2 is provided. between the
(2n+1)th-stage pulse output circuit 111_2n+1, the (2n+2)th-stage pulse output circuit
111_2n+2, and the (2n+1)th output terminal of the shift register 111 (the (2n+1)th buffer
114). Output terminals of the pulse output circuits 111_1 to 111_n, 111_n+2 to 111_2n,
and 111_2n+2 to 111_3n are provided to be directly connected to the corresponding
output terminals of the shift register 111 (the corresponding buffers 114). Note that the
shift registers 112 and 113 can have a structure similar to that of the shift register 111;
therefore, the detailed structures of the shift registers 112 and 113 are not shown in FIG.
2A.

[0023]
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FIG. 2B illustrates a configuration example of the selector circuit 1110_1
illustrated in FIG. 2A. The selector circuit 1110 1 in FIG. 2B includes a transistor
1111, an inverter 1112, and a transistor 1113. A gate of the transistor 1111 is
electrically connected to a wiring that supplies a transfer signal (T). One of a source
and a drain of the transistor 1111 is electrically connected to a wiring that supplies the
low power supply potential (VSS). The other of the source and the drain of the
transistor 1111 is electrically connected to the (n+1)th buffer 114. An input terminal of
the inverter 1112 is electrically connected to the wiring that supplies the transfer signal
(T). A gate of the transistor 1113 is electrically connected to an output terminal of the
inverter 1112. One of a source and a drain of the transistor 1113 is electrically
connected to the pulse output circuit 111_n+1. The other of the source and the drain of
the transistor 1113 is electrically connected to the other of the source and the drain of
the transistor 1111 and the (n+1)th buffer 114. Note that the transfer signal (T) is a
signal supplied to the transfer signal line 16 illustrated in FIG. 1A. The selector circuit
1110 2 can have a structure similar to that of the selector circuit 1110 _1.

[0024]

FIG. 2C illustrates a configuration example of the buffer 114 illustrated in FIG
2A. Simply put, the buffer 114 in FIG 2C is a three-input OR gate. Note that as for
the two high power supply potentials (VDD1 and VDD?2) used in the buffer 114 in FIG.
2C, the high power supply potential (VDD2) is higher than the high power supply
potential (VDD1).

[0025]

The buffer 114 in FIG. 2C includes a transistor 1141, a transistor 1142, a
transistor 1143, a transistor 1144, a transistor 1145, and a transistor 1146. A gate and
one of a source and a drain of the transistor 1141 are electrically connected to a wiring
that supplies the high power supply potential (VDD1). A gate of the transistor 1142 is
electrically connected to a first input terminal of the buffer 114. One of a source and a
drain of thé transistor 1142 is electrically connected to the other of the source and the
drain of the transistor 1141. The other of the source and the drain of the transistor
1142 is electrically connected to a wiring that supplies the low power supply potential

(VSS). A gate of the transistor 1143 is electrically connected to a second input
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terminal of the buffer 114. One of a source and a drain of the transistor 1143 is
electrically connected to the other of the source and the drain of the transistor 1141 and
one of the séurce and the drain of the transistor 1142. The other of the source and the
drain of the transistor 1143 is electrically connected to the wiring that supplies the low
power supply potential (VSS). A gate of the transistor 1144 is electrically connected to
a third input terminal of the buffer 114. One of a source and a drain of the transistor
1144 is electrically connected to the other of the source and the drain of the transistor
1141, one of the source and the drain of the transistor 1142, and one of the source and
the drain of the transistor 1143. The other of the source and the drain of the transistor
1144 is electrically connected to the wiring that supplies the low power supply potential
(VSS). A gate and one of a source and a drain of the transistor 1145 are electrically
connected to a wiring that supplies the high power supply potential (VDD2). The
other of the source and the drain of the transistor 1145 is electrically connected to the
scan line 14. A gate of the transistor 1146 is electrically connected to the other of the
source and the drain of the transistor 1141, one of the source and the drain of the
transistor 1142, one of the source and the drain of the transistor 1143, and one of the
source and the drain of the transistor 1144. One of a source and a drain of the
transistor 1146 is electrically connected to the other of the source and the drain of the
transistor 1145 and the scan line 14. The other of the source and the drain of the
transistor 1146 is electrically connected to the wiring that supplies the low power supply
potential (VSS).

[0026]

(Operation Example of Scan Line Driver Circuit 11)

An operation example of the scan line driver circuit 11 will be described with
reference to FIG. 3. FIG 3 shows the clock signal (GCK) for the scan line driver
circuit, the transfer signal (T), signals (SR111out) output from the 3r output terminals
of the shift register 111, signals (SR1120out) output from the 3n output terminals of the
shift register 112, signals (SR1130ut) ouiput from the 3n output terminals of the shift
register 113, and signals (GD11out) output from 3n output terminals of the scan line
driver circuit.

[0027]

In a sampling period (T1), the transfer signal (T) has a low-level potential, so
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that the potential of GD11out is set at high level when any of SR111out, SR1120ut, and
SR1130ut has a high-level potential. Here, in the shift register 111, a high-level
potential is sequentially shifted every 1/2 clock cycle (horizontal scan period) from the
first-stage pulse output circuit 111_1 to the n-th-stage pulse output circuit 111 _n. In
the shift register 112, a high-level potential is sequentially shifted every 1/2 clock cycle
(horizontal scan period) from the (n+1)th-stage pulse output circuit to the 2n-th-stage
pulse output circuit. In the shift register 113, a high-level potential is sequentially

shifted every 1/2 clock cycle (horizontal scan period) from the (2n+1)th-stage pulse

“output circuit to the 3n-th-stage pulse output circuit. Thus, the scan line driver circuit

11 supplies selection signals to three different scan lines 14 depending on horizontal
scan periods.
[0028]

In a transfer period (T2), the transfer signal (T) has a high-level potential (is a
selection signal), so that all the potentials of GD11out are set at low level. Note that in
the shift registers 111 to 113, the following operation needs to be performed: the shift of
a selection signal is temporarily stopped in the transfer period (T2) and restarted in a
sampling period (T3) subsequent to the transfer period (T2). In order to realize such
operation in the shift registers 111 to 113, the shift registers are designed, for example,
so that a pulse output circuit starts an output operation of a high-level potential in
accordance with input of a high-level potential output from the previous-stage pulse
output circuit, and stops in accordance with input of a high-level potential output from
the subsequent-stage pulse output circuit.

[0029]

In the sampling period (T3), the transfer signal (T) has a low-level potential as
in the sampling period (T1), so that the potential of GD11out is set at high level when
any of SR111out, SR1120ut, and SR1130ut has a high-level potential. Here, although
output signals of the shift registers 111 to 113 are different from those in the sampling
period (T1), a combination of the output signals is the same as in the sampling period
(T1). That is, in one of the shift registers 111 to 113 (the shift register 113 in the
sampling period (T3)), a high-level potential is sequentially shifted every 1/2 clock

cycle (horizontal scan period) from the first-stage pulse output circuit 111_1 to the
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n-th-stage pulse output circuit 111_n. In another one of the shift registers 111 to 113
(the shift register 111 in the sampling period (T3)), a high-level potential is sequentially
shifted every 1/2 clock cycle (horizontal scan period) from the (n+1)th-stage pulse
output circuit to the 2n-th-stage pulse output circuit. In the other of the shift registers
111 to 113 (the shift register 112 in the sampling period (T3)), a high-level potential is
sequentially shifted every 1/2 clock cycle (horizontal scan period) from the
(2n+1)th-stage pulse output circuit to the 3n-th-stage pulse output circuit. Thus, as in
the sampling period (T1), the scan line driver circuit 11 supplies selection signals to
three different scan lines 14 depending on horizontal scan periods.

[0030]

(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 signal line driver circuit
12 in FIG. 4A includes a shift register 120 having m output terminals, m transistors 121,.
m transistors 122, and m transistors 123. A gate of the transistor 121 is electrically
connected to the j-th output terminal (j is a natural number of 1 to m) of the shift register
120. One of a source and a drain of the transistor 121 is electrically connected to a
wiring that supplies the first image signal (DATA1). The other of the source and the
drain of the transistor 121 is electrically connected to the signal line 151 in the j-th
column in the pixel portion 10. A gate of the transistor 122 is electrically connected to
the j-th output terminal of the shift register 120. One of a source and a drain of the
transistor 122 is electrically connected to a wiring that supplies the second image signal
(DATA2). The other of the source and the drain of the transistor 122 is electrically
connected to the signal line 152 in the j-th column in the pixel portion 10. A gate of
the transistor 123 is electrically connected to the j-th output terminal of the shift register
120. One of a source and a drain of the transistor 123 is electrically connected to a
wiring that supplies the third image signal (DATA3). The other of the source and the
drain of the transistor 123 is electrically connected to the signal line 153 in the j-th
column in the pixel portion 10.

[0031]
The first image signal (DATA1) is supplied to the signal line 151 through the
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transistor 121. That is, the first image signal (DATA1) is an image signal for the
region 101 in the pixel portion 10. Similarly, the second image signal (DATAZ2) is an
image signal for the region 102 in the pixel portion 10, and the third image signal
(DATA3) is an image signal for the region 103 in the pixel portion 10. Here, as the
first image signal (DATAL1), a red (R) image signal, a green (G) image signal, and a blue
(B) image signal are supplied to the signal line 151 in the sampling period (T1), the
sampling period (T3), and a sampling period (T5), respectively. As the second image
signal (DATA2), a green (G) image signal, a blue (B) image signal, and a red (R) image
signal are supplied to the signal line 152 in the sampling period (T1), the sampling
period (T3), and the sampling period (T5), respectively. As the third image signal
(DATA3), a blue (B) image signal, a red (R) image signal, and a green (G) image signal
are supplied to the signal line 153 in the sampling period (T1), the sampling period (T3),
and the sampling period (T5), respectively.

[0032]

FIG. 4B illustrates an operation example of the liquid crystal display device.
FIG. 4B shows change over time in image signals written into the regions 101, 102, and
103 and lights supplied to the regions 101, 102, and 103. As illustrated in FIG. 4B, in
the liquid crystal display device, writing of image signals and supply of light of a given
color can be simultaneously performed in each region (each of the regions 101, 102, and
103). In the liquid crystal display device, one image is produced in the pixel portion
10 by the operations in the transfer period (T2) to a sampling period (T7). That is, in
the liquid crystal display device, the period from the transfer period (T2) to the
sampling period (T7) corresponds to one frame period.

[0033]
(Liquid Crystal Display Device disclosed in this Specification)

In the liquid crystal display device disclosed in this specification, a plurality of
scan lines can be selected at the same time. That is, in the liquid crystal display device,
image signals can be simultaneously supplied to pixels placed in a plurality of rows,
among the pixels arranged in matrix. Thus, the frequency of input of an image signal
to each pixel can be increased without change in response speed of a transistor or the
like included in the liquid crystal display device. Specifically, in the liquid crystal

display device, the frequency of input of an image signal to each pixel can be tripled
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without change in clock frequency or the like of the scan line driver circuit. In other
words, the liquid crystal display device is preferably applied to a liquid crystal display
device in which images are displayed by a field sequential method or a liquid crystal
display device driven by high frame rate driving.

[0034]

The liquid crystal display device disclosed in this specification is preferably
applied to a liquid crystal display device in which images are displayed by a field
sequential method because of the following reasons. As described above, in a liquid
crystal display device in which images are displayed by a field sequential method, a
display period is divided by lights of given colors. For that reason, displéy perceived
by a user is sometimes changed (degraded) from display based on original display
information (such a phenomenon is also referred to as color breaks) because of a lack of
a given piece of display information due to temporary interruption of display, such as a
blink of the user. An increase in frame frequency is effective in reducing color breaks.
Further, in order to perform display by a field sequential method, the frequency of input
of an image signal to each pixel needs to be higher than the frame frequency. For that
reason, in the case where images are displayed with a field sequential method and high
frame frequency driving in a conventional liquid crystal display device, requirements
for performance (high-speed response) of elements in the liquid crystal display device
are extremely strict. In contrast, in the liquid crystal display device disclosed in this
specification, the frequency of input of an image signal to each pixel can be increased
regardless of characteristics of elements. Therefore, color breaks in the liquid crystal
display device in which images are displayed by a field sequential method can be easily
reduced.

[0035]

In addition, in the case where display is performed by a field sequential method,
it is preferable to supply lights of different colors depending on regions as illustrated in
FIG. 4B because of the following reasons. In the case where light of one color is
supplied for the entire screen, the pixel portion only has information on a specific color
at a given moment. Therefore, a lack of display information in a given period due to a
blink of the user or the like corresponds to a lack of information on a specific color. In

contrast, in the case where lights of different colors are supplied depending on regions,
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the pixel portion has information on the colors at a given moment. Therefore, a lack of
display information in a given period due to a blink of the user or the like does not
correspond to a lack of information on a specific color. In other words, color breaks
can be reduced by supplying lights of different colors depending on regions.

[0036]

(Variations)

The liquid crystal display device having the above-described structure is one
embodiment of the present invention; the present invention also includes a liquid crystal
display device that is different from the liquid crystal display device.

[0037]

For example, the above-described liquid crystal display device has the structure
in which the pixel portion 10 is divided into three regions (the regions 101, 102, and
103) (see FIG. 1A); however, the liquid crystal display device of the present invention is
not limited to having this structure. That is, in the liquid crystal display device of the
present invention, the pixel portion 10 can be divided into a given number of regions.
Although obvious, it is to be noted that in the case where the number of regions is
changed, it is necessary to provide signal lines, shift registers, and the like as many as
the regions.

[0038]

In the liquid crystal display device, three kinds of light sources, each of which
emits one of red (R) light, green (G) light, and blue (B) light, are used as a plurality of
light sources; however, the liquid crystal display device of the present invention is not
limited to having this 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 kinds of light
sources that emit lights of red (R), green (G), blue (B), and white (W); or a combination
of three kinds of light sources that emit lights of cyan, magenta, and yellow. Moreover,
it is possible to use a combination of six kinds of light sources that emit lights of light
red (R), light green (G), light blue (B), dark red (R), dark green (G), and dark blue (B);
or a combination of six kinds of light sources that emit lights of red (R), green (G), blue
(B), cyan, magenta, and yellow.

[0039]
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The liquid crystal display device has the structure in which a capacitor for
holding a voltage applied to the liquid crystal element is not provided (see FIGS. 1B to
1D); alternatively, the capacitor can be provided in the liquid crystal display device.
[0040]

Furthermore, the liquid crystal display device has the structure in which the
transfer signal (T) is input to the selector circuit (see FIGS. 2A and 2B); alternatively, a
signal input to the selector circuit may be a signal different from the transfer signal (T).
Specifically, a signal input to the selector circuit can be any signal that has a high-level
potential in a period including a period during which the potential of the transfer signal
(T) is set at high level.

[0041]

In addition, in the liquid crystal display device, a three-input OR gate is used as
the buffer (see FIG. 2C); however, the buffer is not limited to having this structure. As
the buffer 114 electrically connected to the scan line 14 placed in the region 101, a
circuit illustrated in FIG. 5A can be used, for example. The buffer 114 illustrated in
FIG. 5A includes a transistor 1147, a transistor 1148, a transistor 1149, and a transistor
1150. A gate of the transistor 1147 is electrically connected to a wiring that supplies a
signal (A). One of a source and a drain of the transistor 1147 is electrically connected
to the shift register 111. The other of the source and the drain of the transistor 1147 is
electrically connected to the scan line 14. A gate of the transistor 1148 is electrically
connected to a wiring that supplies a signal (B). One of a source and a drain of the
transistor 1148 is electrically connected to the shift register 112. The other of the
source and the drain of the transistor 1148 is electrically connected to the scan line 14.
A gate of the transistor 1149 is electrically connected to a wiring that supplies a signal
(C). One of a source and a drain of the transistor 1149 is electrically connected to the
shift register 113. The other of the source and the drain of the transistor 1149 is
electrically connected to the scan line 14. A gate of the transistor 1150 is electrically
connected to a wiring that supplies the transfer signal (T). One of a source and a drain
of the transistor 1150 is electrically connected to a wiring that supplies the low power
supply potential (VSS). The other of the source and the drain of the transistor 1150 is
electrically connected to the scan line 14. Note that the signal (A), the signal (B), and
the signal (C) are signals whose potentials are changed as illustrated in FIG. 5B. A
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combination of electrical connections between the gates of the transistors and the
wirings that supply the signal (A), the signal (B), and the signal (C) is changed as
appropriate in the circuit in FIG. 5A, whereby the circuit in FIG. 5A can be used as the
buffer 114 that is electrically connected to the scan line 14 placed in the region 102, or
the buffer 114 that is electrically connected to the scan line 14 placed in the region 103.
[0042]

(Example of Transistor)

A structural example of a transistor included in the liquid crystal display device
will be described below with reference to FIG. 6. Note that in the liquid crystal display
device, a transistor provided in the pixel portion 10 and a transistor provided in the scan
line driver circuit 11 may have the same structure or different structures.

[0043]

A transistor 211 illustrated in FIG. 6 includes a gate layer 221 provided over a
substrate 220 having an insulating surface, a gate insulating layer 222 provided over the
gate layer 221, a semiconductor layer 223 provided over the gate insulating layer 222,
and a source layer 224a and a drain layer 224b provided over the semiconductor layer
223. Moreover, FIG. 6 illustrates an insulating layer 225 that covers the transistor 211
and is in contact with the semiconductor layer 223, and a protective insulating layer 226
provided over the insulating layer 225.

[0044]

Examples of the substrate 220 are a semiconductor substrate (e.g., a single
crystal substrate and a silicon substrate), an SOI substrate, a glass substrate, a quartz
substrate, a conductive substrate having a surface on which an insulating layer is formed,
and a flexible substrate such as a plastic substrate, a bonding film, paper containing a
fibrous material, and a base film. Examples of a glass substrate are a barium
borosilicate glass substrate, an aluminoborosilicate glass substrate, and a soda lime glass
substrate. For a flexible 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.

[0045]
For the gate layer 221, an element selected from aluminum (Al), copper (Cu),

titanium (Ti), tantalum (Ta), tungsten (W), molybdenum (Mo), chromium (Cr),
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neodymium (Nd), and scandium (Sc); an alloy containing any of these elements; or a
nitride containing any of these elements can be used. ~Alternatively, the gate layer 221
can have a stacked structure of any of these materials.

[0046]

For the gate insulating layer 222, an insulator such as silicon oxide, silicon
nitride, silicon oxynitride, silicon nitride oxide, aluminum oxide, or tantalum oxide can
be used. A stacked structure of any of these materials can also be used. Note that
silicon oxynitride refers to a material that contains more oxygen than nitrogen and
contains oxygen, nitrogen, silicon, and hydrogen at given concentrations ranging from
55 to 65 atomic%, 1 to 20 atomic%, 25 to 35 atomic%, and 0.1 to 10 atomic%,
respectively, where the total percentage of atoms is 100 atomic%. Further, silicon
nitride oxide refers to a material that contains more nitrogen than oxygen and contains
oxygen, nitrogen, silicon, and hydrogen at given concentrations ranging from 15 to 30
atomic%, 20 to 35 atomic%, 25 to 35 atomic%, and 15 to 25 atomic%, respectively,
where the total percentage of atoms is 100 atomic%.

[0047]

The semiconductor layer 223 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);
an oxide such as zinc oxide (ZnO) or zinc oxide containing indium (In) and gallium
(Ga); or an organic compound exhibiting semiconductor characteristics. Alternatively,
the semiconductor layer 223 can have a stacked structure of layers formed using any of
these semiconductor materials.

[0048]

Moreover, in the case where an oxide (an oxide semiconductor) is used for the
semiconductor layer 223, any of the following oxide semiconductors can be used: an
In-Sn-Ga-Zn-O-based oxide semiconductor which is an oxide of four metal elements;
an In-Ga-Zn-O-based oxide semiconductor, an In-Sn-Zn-0O-based oxide semiconductor,
an In-Al-Zn-O-based oxide semiconductor, a Sn-Ga-Zn-O-based oxide semiconductor,

an Al-Ga-Zn-O-based oxide semiconductor, and a Sn-Al-Zn-O-based oxide
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semiconductor which are oxides of three metal elements; an In-Ga-O-based oxide, an
In-Zn-O-based oxide semiconductor, a Sn-Zn-O-based oxide semiconductor, an
Al-Zn-O-based oxide semiconductor, a Zn-Mg-O-based oxide semiconductor, a
Sn-Mg-O-based oxide semiconductor, and an In-Mg-O-based oxide semiconductor
which are oxides of two metal elements; and an In-O-based oxide semiconductor, a
Sn-O-based oxide semiconductor, and a Zn-O-based oxide semiconductor which are
oxides of one metal element. Further, SiO> may be contained in the above oxide
semiconductor. Here, for example, an In-Ga-Zn-O-based oxide semiconductor is an
oxide containing at least In, Ga, and Zn, and there is no particular limitation on the
composition ratio of the elements. An In-Ga-Zn-O-based oxide semiconductor may
contain an element other than In, Ga, and Zn.

[0049]

As the semiconductor layer 223, a thin film expressed by a chemical formula of
InMO3(ZnO),, (m > 0) can be used. Here, M represents one or more metal elements
selected from Ga, Al, Mn, and Co. For example, M can be Ga, Ga and Al, Ga and Mn,
or Ga and Co.

{0050}

In the case where an In-Zn-O-based material is used as an oxide semiconductor,
a target to be used has a composition ratio of In:Zn = 50:1 to 1:2 in an atomic ratio
(Inx03: ZnO = 25:1 to 1:4 in a molar ratio), preferably In:Zn = 20:1 to 1:1 in an atomic
ratio (In,03: ZnO = 10:1 to 1:2 in a molar ratio), further preferably In:Zn = 15:1 to 1.5:1
in an atomic ratio (In,Os: ZnO = 15:2 to 3:4 in a molar ratio). For example, when a
target used for forming an In-Zn-O-based oxide semiconductor has an atomic ratio of
In:Zn:0 = X:Y:Z, the relation of Z > (1.5X+Y) is satisfied.
[0051]

For the source layer 224a and the drain layer 224b, an element selected from
aluminum (Al), copper (Cu), titanium (Ti), tantalum (Ta), tungsten (W), molybdenum
(Mo), chromium (Cr), neodymium (Nd), and scandium (Sc); an alloy containing any of
these elements; or a nitride containing any of these elements can be used.
Alternatively, the source layer 224a and the drain layer 224b can have a stacked

structure of any of these materials.
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[0052]

A conductive film to be the source layer 224a and the drain layer 224b
(including a wiring layer formed using the same layer as the source and drain layers)
may be formed using a conductive metal oxide. As the conductive metal oxide,
indium oxide (In,03), tin oxide (Sn0O,), zinc oxide (ZnO), an alloy of indium oxide and
tin oxide (In,O3-SnO», referred to as ITO), an alloy of indium oxide and zinc oxide
(In203-Zn0), or any of these metal oxide materials containing silicon or silicon oxide
can be used.

[0053]

For the insulating layer 225, an insulator such as silicon oxide, silicon
oxynitride, aluminum oxide, or aluminum oxynitride can be used. A stacked structure
of any of these materials can also be used.

[0054]

For the protective insulating layer 226, an insulator such as silicon nitride,
aluminum nitride, silicon nitride oxide, or aluminum nitride oxide can be used. A
stacked structure of any of these materials can also be used.

[0055]

A planarization insulating film may be formed over the protective insulating
layer 226 in order to reduce surface roughness due to the transistor. The planarization
insulating film can be formed using an organic material such as polyimide, acrylic, or
benzocyclobutene.  Other than such organic materials, it is possible to use a
low-dielectric constant material (low-k material) or the like. Note that the
planarization insulating film may be formed by stacking a plurality of insulating films
formed from these materials.

[0056]

The liquid crystal display device disclosed in this specification can be formed
using a transistor having the above-described structure. For example, a transistor
including a semiconductor layer formed of amorphous silicon can be used in the pixel
portion 10, and a transistor including a semiconductor layer formed of polycrystalline
silicon or single crystal silicon can be used in the scan line driver circuit 11.
Alternatively, a transistor including a semiconductor layer formed of an oxide

semiconductor can be used in the pixel portion 10 and the scan line driver circuit 11.
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In the case where transistors having the same structure are used in the pixel portion 10
and the scan line driver circuit 11, reduction in cost and increase in yield due to
reduction in the number of manufacturing steps can be achieved.

[0057]

(Variations of Transistor)

FIG. 6 illustrates the transistor 211 with a bottom-gate structure called a
channel-etch structure; however, the transistor provided in the liquid crystal display
device is not limited to having this structure. Transistors illustrated in FIGS. 7A to 7C
can be used, for example.

[0058]

A transistor 510 illustrated in FIG. 7A has a kind of bottom-gate structure called
a channel-protective type (channel-stop type).

[0059]

The transistor 510 includes, over a substrate 220 having an insulating surface, a
gate layer 221, a gate insulating layer 222, a semiconductor layer 223, an insulating
layer 511 functioning as a channel protective layer that covers a channel formation
region of the semiconductor layer 223, a source layer 224a, and a drain layer 224b.
Moreover, a protective insulating layer 226 is formed to cover the source layer 224a, the
drain layer 224b, and the insulating layer 511.

[0060]

As the insulating layer 511, an insulator such as silicon oxide, silicon nitride,
silicon oxynitride, silicon nitride oxide, aluminum oxide, or tantalum oxide can be used.
Alternatively, the insulating layer 511 can have a stacked structure of any of these
materials.

[0061]

A transistor 520 illustrated in FIG 7B is a bottom-gate transistor. The
transistor 520 includes, over a substrate 220 having an insulating surface, a gate layer
221, a gate insulating layer 222, a source layer 224a, a drain layer 224b, and a
semiconductor layer 223. Furthermore, an insulating layer 225 that covers the source
layer 224a and the drain layer 224b and is in contact with the semiconductor layer 223
is provided. A protective insulating layer 226 is provided over the insulating layer

225.
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[0062]

In the transistor 520, the gate insulating layer 222 is provided on and in contact
with the substrate 220 and the gate layer 221, and the source layer 224a and the drain
layer 224b are provided on and in contact with the gate insulating layer 222. Further,
the semiconductor layer 223 is provided over the gate insulating layer 222, the source
layer 224a, and the drain layer 224b.

[0063]

A transistor 530 illustrated in FIG. 7C is a kind of top-gate transistor. The
transistor 530 includes, over a substrate 220 having an insulating surface, an insulating
layer 531, a semiconductor layer 223, a source layer 224a and a drain layer 224b, a gate
insulating layer 222, and a gate layer 221. A wiring layer 532a and a wiring layer
532b are provided in contact with the source layer 224a and the drain layer 224b, to be
electrically connected to the source layer 224a and the drain layer 224b, respectively.
[0064]

As the insulating layer 531, an insulator such as silicon oxide, silicon nitride,
silicon oxynitride, silicon nitride oxide, aluminum oxide, or tantalum oxide can be used.
Altemnatively, the insulating layer 531 can have a stacked structure of any of these
materials.

[0065]

The wiring layers 532a and 532b can be formed using an element selected from
aluminum (Al), copper (Cu), titanium (Ti), tantalum (Ta), tungsten (W), molybdenum
(Mo), chromium (Cr), neodymium (Nd), and scandium (Sc); an alloy containing any of
these elements; or a nitride containing any of these elements. Alternatively, the wiring
layers 532a and 532b can have a stacked structure of any of these materials.

[0066]
(Various Electronic Devices including Display Device)

Examples of electrpnic devices including any of the display devices disclosed
in this specification will be described below with reference to FIGS. 8A to 8F.
[0067]

FIG. 8A illustrates a notebook personal computer including a main body 2201,
a housing 2202, a display portion 2203, a keyboard 2204, and the like.

[0068]
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FIG. 8B illustrates a personal digital assistant (PDA). A main body 2211 is
provided with a display portion 2213, an external interface 2215, operation buttons
2214, and the like. A stylus 2212 is provided as an accessory for operating the PDA.
[0069]

FIG. 8C illustrates an e-book reader 2220 as an example of electronic paper.
The e-book reader 2220 includes two housings of a housing 2221 and a housing 2223.
The housings 2221 and 2223 are united with 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 like a paper book.

[0070]

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, the right display
portion (the display portion 2225 in FIG 8C) can display text and the left display
portion (the display portion 2227 in FIG. 8C) can display pictures.

[0071]

Further, in FIG. 8C, the housing 2221 is provided with an operation portion and
the like. For example, the housing 2221 is provided with a power switch 2231, an
operation key 2233, and a speaker 2235. Pages can be turned with the operation key
2233. Note that a keyboard, a pointing device, or the like may also be provided on the
surface of the housing, on which the display portion is provided. An external
connection terminal (e.g., an earphone terminal, a USB terminal, or a terminal that can
be connected to an AC adapter or various cables such as a USB cable), a recording
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 a function of an
electronic dictionary.

[0072]

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 e-book server.

[0073]
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Note that electronic paper can be applied to devices in a variety of fields as
long as they display data. For example, electronic paper can be used for posters,
advertisement in vehicles such as trains, and display in a variety of cards such as credit
cards in addition to e-book readers.

[0074]

FIG 8D illustrates a mobile phone. The mobile phone includes two housings
of a housing 2240 and a housing 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 for charging the mobile phone, an external memory slot
2250, and the like. An antenna is incorporated in the housing 2241.

[0075]

The display panel 2242 has a touch panel function. In FIG 8D, a plurality of
operation keys 2245 displayed as images are shown by dashed lines. Note that the
mobile phone 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
components.

[0076]

The display orientation of the display panel 2242 changes as appropriate in
accordance with the application mode. Further, the camera lens 2247 is provided on
the same surface as the display panel 2242, so that the mobile phone can be used as a
video phone. The speaker 2243 and the microphone 2244 can be used for videophone
calls, recording, playing sound, and the like as well as voice calls. The housings 2240
and 2241 which are unfolded as illustrated in FIG. 8D can slide so that one overlaps the
other. Thus, the size of the mobile phone can be reduced, which makes the mobile
phone suitable for being carried.

[0077]

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, a larger amount of data can be saved and moved by

inserting a recording medium to the external memory slot 2250. Further, the mobile
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phone may have an infrared communication function, a television reception function, or
the like in addition to the above functions.
[0078]

FIG. 8E illustrates a digital camera. The digital camera includes a main body
2261, a display portion (A) 2267, an eyepiece 2263, an operation switch 2264, a display
portion (B) 2265, a battery 2266, and the like.

[0079]

FIG. 8F illustrates a television set. In a television set 2270, a display portion
2273 is incorporated in a housing 2271. The display portion 2273 can display images.
Here, the housing 2271 is supported by a stand 2275.

[0080]

The television set 2270 can be operated by an operation switch of the housing
2271 or a separate remote controller 2280. With operation keys 2279 of the remote
controller 2280, channels and volume can be controlled and an image displayed on the
display portion 2273 can be controlled. Moreover, the remote controller 2280 may
have a display portion 2277 that displays data output from the remote controller 2280.
[0081]

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.
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.

This application is based on Japanese Patent Application serial no.
2010-083480 filed with Japan Patent Office on March 31, 2010, the entire contents of

which are hereby incorporated by reference.



10

15

20

25

30

WO 2011/122312 55 PCT/JP2011/055859

CLAIMS

1. Aliquid crystal display device comprising;:

a first signal line supplied with a first image signal in a horizontal scan period;

a second signal line supplied with a second image signal in the horizontal scan
period;

a first scan line and a second scan line supplied with a selection signal in the
horizontal scan period;

a first pixel electrically connected to the first signal line and the first scan line;
and

a second pixel electrically connected to the second signal line and the second

scan line.

2. The liquid crystal display device according to claim 1, further comprising a
scan line driver circuit configured to control potentials of the first scan line and the
second scan line,

wherein the scan line driver circuit includes:

a first shift register and a second shift register each having a first output
terminal and a second output terminal;

a first OR gate having a first input terminal electrically connected to the first
output terminal of the first shift register, a second input terminal electrically connected
to the first output terminal of the second shift register, and an output terminal
electrically connected to the first scan line; and

a second OR gate having a first input terminal electrically connected to the
second output terminal of the first shift register, a second input terminal electrically
connected to the second output terminal of the second shift register, and an output

terminal electrically connected to the second scan line.

3. Aliquid crystal display device comprising;:
a first signal line supplied with a first image signal in a horizontal scan period;
a second signal line supplied with a second image signal in the horizontal scan

period;
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a first scan line and a second scan line supplied with a selection signal in the
horizontal scan period;

a first pixel electrically connected to the first signal line and the first scan line;

a second pixel electrically connected to the second signal line and the second
scan line; and

a transfer signal line supplied with a selection signal in a transfer period
subsequent to the horizontal scan period, the transfer signal line being electrically

connected to the first pixel and the second pixel.

4. The liquid crystal display device according to claim 3,

wherein the first pixel includes:

a first transistor having one of a source and a drain electrically connected to the
first signal line, and a gate electrically connected to the first scan line;

a first capacitor having one of electrodes electrically connected to the other of
the source and the drain of the first transistor, and the other of the electrodes electrically
connected to a wiring supplying a capacitor potential;

a second transistor having one of a source and a drain electrically connected to
the other of the source and the drain of the first transistor and one of the electrodes of
the first capacitor, and a gate electrically connected to the transfer signal line; and

a first liquid crystal element having one of electrodes electrically connected to
the other of the source and the drain of the second transistor, and the other of the
electrodes electrically connected to a wiring supplying a counter potential, and

wherein the second pixel includes:

a third transistor having one of a source and a drain electrically connected to
the second signal line, and a gate electrically connected to the second scan line;

a second capacitor having one of electrodes electrically connected to the other
of the source and the drain of the third transistor, and the other of the electrodes
electrically connected to the wiring supplying the capacitor potential;

a fourth transistor having one of a source and a drain electrically connected to
the other of the source and the drain of the third transistor and one of the electrodes of
the second capacitor, and a gate electrically connected to the transfer signal line; and

a second liquid crystal element having one of electrodes electrically connected
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to the other of the source and the drain of the fourth transistor, and the other of the

electrodes electrically connected to the wiring supplying the counter potential.

5. The liquid crystal display device according to claim 3, further comprising a
scan line driver circuit configured to control potentials of the first scan line and the
second scan line,

wherein the scan line driver circuit includes:

a first shift register and a second shift register each having a first output
terminal and a second output terminal;

a first OR gate having a first input terminal electrically connected to the first
output terminal of the first shift register, a second input terminal electrically connected
to the first output terminal of the second shift register, and an output terminal
electrically connected to the first scan line; and

a second OR gate having a first input terminal electrically connected to the
second output terminal of the first shift register, a second input terminal electrically
connected to the second output terminal of the second shift register, and an output

terminal electrically connected to the second scan line.

6. A liquid crystal display device comprising:

a plurality of pixels arranged in kn rows and m columns (k, n, and m are each a
natural number);

m number of first signal lines supplied with a first image signal in a horizontal
scan period to m number of k-th signal lines supplied with a k-th image signal in the
horizontal scan period; and

first to k-th scan lines supplied with a selection signal in the horizontal scan
period,

wherein a plurality of pixels arranged in the (jn+1)th to (j+1)n-th rows (j is an
integer of 0 or more and less than k) among the plurality of pixels are electrically

connected to the (j+1)th scan line and any one of the m number of (j+1)th signal lines.

7. The liquid crystal display device according to claim 6, further comprising a
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scan line driver circuit configured to control potentials of the first to k-th scan lines,
wherein the scan line driver circuit includes first to k-th shift registers each
having first to k-th output terminals, and first to k-th OR gates, and
wherein the (j+1)th OR gate has first to k-th input terminals electrically
connected to the (j+1)th output terminals of the first to k-th shift registers, respectively,

and an output terminal electrically connected to the (j+1)th scan line.

8. A liquid crystal display device comprising:

a plurality of pixels arranged in kn rows and m columns (k, n, and m are each a
natural number);

m number of first signal lines supplied with a first image signal in a horizontal
scan period to m number of k-th signal lines supplied with a k-th image signal in the
horizontal scan period;

first to k-th scan lines supplied with a selection signal in the horizontal scan
period; and

a transfer signal line supplied with a selection signal in a transfer period
subsequent to the horizontal scan period, the transfer signal line being electrically
connected to all the plurality of pixels arranged in the kn rows and the m columns,

wherein a plurality of pixels arranged in the (jn+1)th to (j+1)n-th rows (j is an
integer of 0 or more and less than k) among the plurality of pixels are electrically

connected to the (j+1)th scan line and any one of the m number of (j+1)th signal lines.

9. The liquid crystal display device according to claim 8,

wherein each of the plurality of pixels arranged in the (jr+1)th to (j+1)n-th
rows includes:

a first transistor having one of a source and a drain electrically connected to the
m number of (j+1)th signal lines, and a gate electrically connected to the (j+1)th scan
line;

a first capacitor having one of electrodes electrically connected to the other of
the source and the drain of the first transistor, and the other of the electrodes electrically

connected to a wiring supplying a capacitor potential;
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a second transistor having one of a source and a drain electrically connected to
the other of the source and the drain of the first transistor and one of the electrodes of
the first capacitor, and a gate electrically connected to the transfer signal line; and

a first liquid crystal element having one of electrodes electrically connected to
the other of the source and the drain of the second transistor, and the other of the

electrodes electrically connected to a wiring supplying a counter potential.

10. The liquid crystal display device according to claim 8, further comprising a
scan line driver circuit configured to control potentials of the first to k-th scan lines,

wherein the scan line driver circuit includes first to k-th shift registers each
having first to k-th output terminals, and first to k-th OR gates, and

wherein the (j+1)th OR gate has first to k-th input terminals electrically
connected to the (j+1)th output terminals of the first to k-th shift registers, respectively,

and an output terminal electrically connected to the (j+1)th scan line.

11. A method for driving a liquid crystal display device including a matrix of
pixels each including a first transistor controlling input of an image signal, a capacitor
holding the image signal, and a second transistor transferring the image signal held at
the capacitor to a liquid crystal element, the method comprising the steps of:

in a first sampling period, shifting a selection signal sequentially from first to
n-th scan lines (» is a natural number of 2 or more) so that a first image signal is input to
a first pixel, and shifting a selection signal sequentially from (7+1)th to 2n-th scan lines
so that a second image signal is input to a second pixel;

in a transfer period subsequent to the first sampling period, by inputting a
transfer signal to the first pixel and the second pixel, applying a voltage based on the
first image signal to a first liquid crystal element included in the first pixel and applying
a voltage based on the second image signal to a second liquid crystal element included
in the second pixel; and

in a second sampling period subsequent to the transfer period, shifting a
selection signal sequentially from the first to n-th scan lines so that a third image signal

is input to the first pixel, and shifting a selection signal sequentially from the (n+1)th to
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2n-th scan lines so that a fourth image signal is input to the second pixel; and
controlling transmission of light emitted from a light source for the first image signal in
the first pixel, and controlling transmission of light emitted from a light source for the

second image signal in the second pixel.

12. The method for driving a liquid crystal display device, according to claim
11, wherein a color of the light emitted from the light source for the first image signal
and a color of the light emitted from the light source for the second image signal are

different from each other.
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EXPLANATION OF REFERENCE

10: pixel portion, 11: scan line driver circuit, 12: signal line driver circuit,
13: transfer signal line driver circuit, 14: scan line, 16: transfer signal line,
101: region, 102: region, 103: region, 111: shift register, 111 1 to 111 3mn:
pulse output circuit, 112: shift register, 113: shift register, 114: buffer, 120:
shift register, 121: transistor, 122: transistor, 123: transistor, 151: signal line,
152: signal line, 153: signal line, 171: pixel, 172: pixel, 173: pixel, 211:
transistor, 220: substrate, 221: gate layer, 222: gate insulating layer, 223:
semiconductor layer, 224a: source layer, 224b: drain layer, 225: insulating
layer, 226: protective insulating layer, 510: transistor, 511: insulating layer,
520: transistor, 530: transistor, 531: insulating layer, 532a: wiring layer,
532b: wiring layer, 1110 _1: selector circuit, 1110_2: selector circuit, 1111:
transistor, 1112: inverter, 1113: transistor, 1141: transistor, 1142: transistor,
1143: transistor, 1144: transistor, 1145: transistor, 1146: transistor, 1147:
transistor, 1148: transistor, 1149: transistor, 1150: transistor, 1711: transistor,
1712: capacitor, 1713: transistor, 1714: liquid crystal element, 1721:
transistor, 1731: transistor, 2201: main body, 2202: housing, 2203: display
portion, 2204: keyboard, 2211: main body, 2212: stylus, 2213: display
portion, 2214: operation button, 2215: external interface, 2220: e-book
reader 2221: housing, 2223: housing, 2225: display portion, 2227: display
portion, 2231: power switch, 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,
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2247: camera lens, 2248: external connection terminal, 2249: solar cell,
2250: external 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: remote

controller
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