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DESCRIPTION

LIQUID CRYSTAL DISPLAY DEVICE AND ELECTRONIC DEVICE

TECHNICAL FIELD
[0001]

’ The present invention relates to a display device and a semiconductor device.
The present invention relates to an electronic device having the display device in a

display portion.

BACKGROUND ART
[0002]

A liquid crystal display device has some advantages such as thin, light weight,
low power consumption, or the like, compared to a display device using a cathode-ray
tube. Further, since a liquid crystal display device can be widély applied to from the
small-sized display device having a few inches of diagonal of a display portion to the
large-sized display device having more than 100 inches, the liquid crystal display device
is widely used as a display device of various electronic devices such as a mobiie phone,
a still camera, a video camera, a television receiver, and the like.

[0003]

While the liquid crystal display device has excellent general versatility, there is
a problem in that image quality is low compared to other display devices such as CRT
and the like. The causes include: decrease of image quality when it is watched from an
oblique angle due to large viewing angle dependence of display; low contrast because of
leakage of the light from the backlight; low quality of moving image because of slow
response speed, or the like.

[0004]

However, image quality has been improved by development of a new liquid
crystal mode in recent years. Instead of twisted nematic (TN) mode which has been
conventionally used, the following various liquid crystal modes are developed and are

put into practical use: an in-plane-switching (IPS) mode and an fringe field switching

(FFS) mode which has excellent viewing angle characteristics, a vertical alignment
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(VA) mode which have high contrast ratio, an optical compensated birefringence (OCB)
mode of which response speed is fast and quality of moving display is high, and the
.like.

[0005]

Here, while the VA mode liquid crystal display device is easy to increase
contrast ratio, there has been a problem that viewing angle dependence of display is still
large. Therefore, multi-domain VA (MVA) mode and patterned VA (PVA) mode are
developed by which a pixel is divided into a plurality of domains, and orientation of
liquid crystal is changed in each domain so that wider viewing angle is realized.
However, even if such a multi-domain method is used, enough viewing angle
characteristics are not obtained.

[0006]

Thus, patent document 1 (Japanese Published Patent Application No.
2003-295160) proposes to divide a pixel into a plurality of sub-pixels, and different
signal voltages are applied to each sub-pixel, so that viewing angle dependence of

display is averaged to increase viewing angle.

DISCLOSURE OF INVENTION
[0007]

In the method disclosed in patent document 1, since a pixel i$ divided into two
sub-pixels and different signal voltages are applied to each sub-pixel, signal lines (also
referred to as a data line or a source line) for supplying signal voltages to each of the
two §ub-pixels are needed separately. Moreover, signal line drivers (also referred to as
a data driver or a source driver) for driving each signal line are also necessary, so that
there is a problem that the manufacturing cost and power consumption increase by
increasing circuit scale.

[0008]

Furthermore, in recent years, the definition of a liquid crystal panel used for a
liquid crystal display device has been enhanced, and thus, higher definition comes to be
required not only to a large-sized liquid crystal panel for a television receiver but also to
small or middle size of a liquid crystal panel for a mobile phone or the like. As

disclosed in patent document 1, in the method for improving viewing angle
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characteristics by supplying signal voltages to each of the plurality of sub-pixels, circuit
scale is increased and a high-speed circuit is needed. Thus, there is a problem that the
method is disadvantageous in trend toward high definition.

[0009]

Furthermore, in order to enhance the image quality of the liquid crystal display
device, not only the viewing angle but also the image quality of moving image display,
contrast ratio, or the like has to be improved. As thus described, imprbvement of only
one characteristic of a liquid crystal display.device is not enough, and improvement of
any other characteristics toward high level at the same time is necessary for
enhancement of whole image quality of the liquid crystal display device. Moreover, it
is important for the device to reduce power consumption as well as to improve display
characteristics of a liquid crystal display device. If the power consumption of the
device is reduced, the stable operation and safety of the device can be realized by
suppressing heat generation. In addition, it is important to reduce power consumption
from the viewpoint of a countermeasure against depletion of resources and prevention
of global warming.

[0010]

The present invention has been made in view of the foregoing problems. It is
an object to provide a display device with improved viewing angle and a driving
method thereof. Alternatively, it is another object to provide a display device with
enhanced image quality of still image and moving image display and a driving method
thereof. It is another object to provide a display device with improved contrast ratio
and a driving method thereof. It is another object to provide a display device without
flicker and a driving method thereof. It is another object to provide a display device
with increased response speed and a driving method thereof. It is another object to
provide a display device with low power consumption and a driving method thereof. It
is another object to provide a display device with low manufacturing cost and a driving
method thereof.

[0011]

The present invention is invented to solve the above objects. Specifically, a

circuit in which a conducting state can be changed by a plurality of switches is provided,

and charge in the plurality of sub-pixels and capacitor elements is transferred mutually,
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so that desired voltage is applied to the plurality of sub-pixels without performing plural
times of voltage application from outside. Moreover, a period in which each sub-pixel
displays black color is provided in accordance with transfer of charge.

[0012]

One aspect of a liquid crystal display device of the present invention includes a
plurality of pixels. The plurality of pixels include a first liquid crystal element, a
second liquid crystal element, a capacitor element, and a circuit including functions. A
connection between the first liquid crystal element or the second liquid crystal element,
and a first wiring is brought into conduction for applying a first voltage to the first
liquid crystal element and a capacitor element, or the second liquid crystal element and
a capacitor element. Switching is performed between a first state in which a
connection between the first liquid crystal element and the capacitor element is brought
into conduction and a connection between the second liquid crystal element and the
capacitor element is brought out of conduction, and a second state in which a
connection between the first liquid crystal element and the capacitor element is brought
out of conduction and a connection between the second liquid crystal element and the
capacitor element is brought into conduction. A connection between the first liquid
crystal element, the second liquid crystal element, the capacitor element, and a second
wiring is brought into conduction for applying a second voltage to the first liquid crystal
element, the second liquid crystal element, and the capacitor element.

[0013]

Another aspect of a liquid crystal display device of the present invention
includes a plurality of pixels. The plurality of pixels include a first liquid crystal
element, a second liquid crystal element, a capacitor element, and a circuit including
functions. A connection between the first liquid crystal element, the second liquid
crys.tal element, and a first wiring is brought into conduction for applying a first voltage
to the first liquid crystal element and the second liquid crystal element. Switching is
performed between a first state in which a connection between the first liquid crystal
element and the capacitor element is brought into conduction and a connection between
the second liquid crystal element and the capacitor element is brought out of conduction,
and a second state in which a connection between the first liquid crystal element and the

capacitor element is brought out of conduction and a connection between the second
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liquid crystal element and the capacitor element is brought into conduction. A
connection between the first liquid crystal element, the second liquid crystal element,
the capacitor element, and a second wiring is brought into conduction for applying a
second voltage to the first liquid crystal element, the second liquid crystal element, and
the capacitor element.

[0014]

Another aspect of a liquid crystal display device of the present invention
includes a plurality of pixels. The plurélity of pixels include a first liquid crystal
element, a second liquid crystal element, a capacitor element, and a circuit including
functions. A connection between the first liquid crystal element, the second liquid
crystal element, the capacitor element and a first wiring is brought into conduction for
applying a first voltage to the first liquid crystal element, ‘the second liquid crystal
element, and the capacitor element. Switching is performed between a first state in
which a connection between the first liquid crystal element and the capacitor element is
brought into conduction and a connection between the second liquid crystal element and
the capacitor element is brought out of conduction, and a second state in which a
connection between the first liquid crystal element and the capacitor element is brought
out of conduction and a connection between the second liquid crystal element and the
capacitor element is brought into conduction. A connection between the capacitor
element and a second wiring is brought into conduction for applying a second voltage to
the capacitor element.

[0015]

Another aspect of a liquid crystal display device of the present invention
includes a plurality of pixels. The plurality of pixels include a first liquid crystal
element, a second liquid crystal element, a first switch, a capacitor element, a second
switch, a third switch, and a fourth switch. A terminal of the first switch is
electrically connected to a second wiring. A terminal of the second switch is
electrically connected to the other terminal of the first switch and the capacitor element,
and the other terminal of the second switch is electrically connected to the first liquid
crystal element. A terminal of the third switch is electrically connected to the othc\:r
terminal of the first switch and the capacitor element, and the other terminal of the third

switch is electrically connected to the second liquid crystal element. A terminal of the
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fourth switch is electrically connected to the other terminal of the first switch and the
capacitor element, and the other terminal of the fourth switch is electrically connected to
the first wiring.

[0016]

Another aspect of a liquid crystal display device of the present invention
includes a plurality of pixels which include a first liquid crystal element, a second liquid
crystal element, a first switch, a capacitor element, a second switch, a third switch, and a
fourth switch. A terminal of the first switch is electrically connected to a second
wiring. A terminal of the second switch is electrically connected to the other terminal
of the first switch and the capacitor element, and the other terminal of the second switch
is electrically connected to the first liquid crystal element. A terminal of the third
switch is electrically connected to the other temﬁnal of the first switch and the capacitor
clement, and the other terminal of the third switch is electrically connected to the
second liquid crystal element. A terminal of the fourth switch is electrically connected
to the other terminal of the first switch and the capacitor element, and the other terminal
of the fourth switch is electrically connected to a first wiring. The liquid crystal
display device of the present invention further includes a first scan line, a second scan
line, a third scan line, and a fourth scan line. The first scan line controls the first
switch by a signal which controls an applying state of voltage for driving the first liquid
crystal element and the second liquid crystal element. The second scan line controls
the second switch by a signal which controls an electrical connection between the
capacitor element and the first liquid crystal element. The third scan line controls the
third switch by a signal which controls an electrical connection between the capacitor
element and the second liquid crystal element. The fourth scan line controls the fourth
switch by a signal which controls an electrical connection between the capacitor
element and the first wiring.

[0017]

Note that various types of switches, for example, an electrical switch and a
mechanical switch can be used. That is, any elements can be used without being
limited to a particular type as long as it can control a current flow. For example, a
transistor (e.g., a bipolar transistor or a MOS transistor), a diode (e.g., a PN diode, a

PIN diode, a Schottky diode, a metal-insulator-metal (MIM) diode, a
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metal-insulator-semiconductor (MIS) diode, or a diode-connected transistor), a thyristor,
or the like can be used as a switch. Alternatively, a logic circuit in which such
elements are combined can be used as a switch.

[0018]

Note that when it is explicitly described that A and B are connected, the case
where A and B are electrically connected, the case where A and B are functionally
connected, and the case where A and B are directly connected are included. The case
where A and B are electrically connected particularly includes the case where an object
which has some electric operations is provided between A and B. Here, each of A and
B is an object (e.g., a device, an element, a circuit, a wifing, an electrode, a terminal, a
conductive film, or a layer). Accordingly, another connection relationship shown in
drawings and texts is included, without being limited to a predetermined connection
relationship, for example, connection relationships shown in the drawings and the texts.
[0019]

Note that as a transistor, various types of transistors can be employed without
being limited to a certain type. For example, a thin film transistor (TFT) including a
non-single crystal semiconductor film typified by amorphous silicon, polycrystalline
silicon, microcrystalline (also referred to as semi-amorphous) silicon, or the like can be
used. The use of the TFT has various advantages. For example, since a transistor can
be formed at temperature lower than that of the case of using single-crystal silicon,
reduction in manufacturing costs or increase in size of a manufacturing device can be
realized. A transistor can be formed using a large substrate with increase in size of the
manufacturing device. Accordingly, a large number of display devices can be formed
at the same time, and thus can be formed at low cost. Further, since manufacturing
temperature is low, a substrate having low heat resistance can be used. Accordingly, a
transistor can be formed over a light-transmitting substrate; thus, transmission of light in
a display element can be controlled by using the transistor formed over the
light-transmitting substrate. Alternatively, since the thickness of the transistor is thin,
part of a film forming the transistor can transmit light; thus, an aperture ratio can be
increased.

[0020]

Alternatively, a transistor including a compound semiconductor or an oxide
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~ semiconductor such as ZnO, a-InGaZnO, SiGe, GaAs, 1ZO, ITO, or SnO, a thin film

transistor obtained by thinning such a compound semiconductor or an oxide
semiconductor, or the like can be used. Thus, manufacturing temperature can be
lowered, and a transistor can be formed at room temperature, for example.
Accordingly, the transistor can be formed directly on a substrate having low heat
resistance, such as a plastic substrate or a film substrate. Note that such a compound
semiconductor or an oxide semiconductor can be used for not only a channel portion of
the transistor but also other applications. For example, such a compound
semiconductor or an oxide semiconductor can be used as a resistor, a pixel electrode, or
an electrode having a light-transmitting property. Further, since such an element can
be formed at the same time as the transistor, cost can be reduced.

[0021]

Alternatively, a transistor or the like formed by using an inkjet method or a
printing method can be used. Accordingly, the transistor can be formed at room
temperature or at a low vacuum, or can be formed using a large substrate. Since the
transistor can be formed without using a mask (a reticle), layout of the transistor can be
easily changed. Further, since it is not necessary to use a resist, material cost is
reduced and the number of steps can be reduced. Moreover, since a film is formed
only in a required portion, a material is not wasted and cost can be reduced compared
with a manufacturing method in which etching is performed after the film is formed
over the entire surface.

[0022]

Note that one pixel corresponds to one element whose brightness can be
controlled. For example, one pixel corresponds to one color element, and brightness is
expressed with one color element. Accordingly, in the case of a color display device
having color elements of R (red), G (green), and B (blue), the smallest unit of an image
is formed of three pixels of an R pixel, a G pixel, and a B pixel. Note that the color
elements are not limited to three colors, and color elements of more than three colors
may be used and/or a color other than RGB may be used. For example, RGBW can be
employed by adding W (white). Alternatively, RGB added with one or more colors of
yellow, cyan, magenta, emerald green, vermilion, and the like can be used. Further

alternatively, a color similar to at least one of R, G, and B can be added to RGB. For
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example, R, G B1, and B2 may be used. Although both B1 and B2 are blue, they have
slightly different frequencies. Similarly, R1, R2, G, and B can be used. By using
such color elements, display which is closer to a real object can be performed, and
power consumption can be reduced. As another example, when brightness of one
color element is controlled by using a plurality of regions, one region can correspond to
one pixel. For example, when area ratio gray scale display is performed or a subpixel
is included, a plurality of regions which control brightness are provided in one color
element and gray scales are expressed with all of the regions, and one region which
controls brightness can correspond to one pixel. In that case, one color element is
formed of a plurality of pixels. Alternatively, even when a plurality of the regions
which control brightness are provided in one color clement, these regions may be
collected and one color element may be referred to as one pixel. In that case, one color
element is formed of one pixel. In addition, when brightness of one color element is
controlled by a plurality of regions, regions which contribute to display may have
different area dimensions depending on pixels in some cases. Alternatively, in a
plurality of the regions which control brightness in one color element, signals supplied
to respective regions may slightly vary to widen a viewing angle. That is, potentials of
pixel electrodes included in the plurality of the regions in one color element can be
different from each other. Accordingly, voltages applied to liquid crystal molecules
vary depending on the pixel electrodes. Thus, the viewing angle can be widened.
[0023]

Note that when it is explicitly described as one pixel (for three colors), it
corresponds to the case where three pixels of R, G, and B are considered as one pixel.
When it is explicitly described as one pixel (for one color), it corresponds to the case
where a plurality of the regions provided in each color element are collectively
considered as one pixel.

[0024]

Note that pixels are provided (arranged) in matrix in some cases. Here,
description that pixels are provided (arranged) in matrix includes the case where the
pixels are arranged in a straight line or in a jagged line in a longitudinal direction or a
lateral direction. For example, when full-color display is performed with three color

elements (e.g., RGB), the following cases are included therein: the case where the pixels
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are arranged in stripes, the case where dots of the three color elements are arranged in a
delta pattern, and the case where dots of the three color elements are provided in Bayer
arrangement. Note thét the color elements are not limited to three colors, and color
elements of more than three colors may be employed, for example, RGBW (W
correspondé to white) or RGB added with one or more of yellow, cyan, magenta, and
the like. In addition, the size of display regions may vary in respective dots of color
elements. Thus, power consumption can be reduced or the life of a display element
can be prolonged.

[0025]

Note that a transistor is an element having at least three terminals of a gate, a
drain, and a source. The transistor includes a channel region between a drain region
and a source region, and current can flow through the drain region, the channel region,
and the source region. Here, since the source and the drain of the transistor may
change depending on a structure, operating conditions, and the like of the transistor, it is
difficult to define which is a source or a drain. Therefore, in this document (the
specification, the claims, the drawings, and the like), a region functioning as a source
and a drain is not called the source or the drain in some cases. In such a case, one of
the source and the drain may be referred to as a first terminal and the other thereof may
be referred to as a second terminal, for example. Altemnatively, one of the source and
the drain may be referred to as a first electrode and the other thereof may be referred to
as a second electrode. Further alternatively, one of the source and the drain may be
referred to as a source region and the other thereof may be referred to as a drain region.
[0026]

Note that a gate corresponds to all or part of a gate electrode and a gate wiring
(also referred to as a gate line, a gate signal line, a scan line, a scan signal line, or the
like). A gate electrode corresponds to part of a conductive film which overlaps with a

semiconductor forming a channel region with a gate insulating film interposed

‘therebetween. Note that in some cases, part of the gate electrode overlaps with an

LDD (lightly doped drain) region or a source region (or a drain region) with the gate
insulating film interposed therebetween. A gate wiring corresponds to a wiring for
connecting gate electrodes of transistors, a wiring for connecting gate electrodes

included in pixels, or a wiring for connecting a gate electrode to another wiring,
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[0027]

Note that a gate terminal corresponds to part of a portion (a region, a
conductive film, a wiring, or the like) of a gate electrode or a portion (a region, a
conductive film, a wiring, or the like) which is electrically connected to the gate
electrode.

[0028]

When a wiring is called a gate wiring, a gate line, a gate signal line, a scan line,
a scan signal line, or the like, there is the case where a gate of a transistor is not
connected to the wiring. In this case, the gate wiring, the gate line, the gate signal line,
the scan line, or the scan signal line corresponds to a wiring formed in the same layer as
the gate of the transistor, a wiring formed of the same material as the gate of the
transistor, or a wiring formed at the same time as the gate of the transistor in some cases.
Examples of such a wiring include a wiring for storage capacitance, a power supply line,
and a reference potential supply line.

[0029]

A source corresponds to all or part of a source region, a source electrode, and a
source wiring (also referred to as a source line, a source signal line, a data line, a data
signal line, or the like). A source region corresponds to a semiconductor region
containing a large amount of p-type impurities (e.g., boron or gallium) or n-type
impurities (e.g., phosphorus or arsenic). Accordingly, a region containing a small
amount of p-type impurities or n-type impurities, a so-called LDD (lightly doped drain)
region is not included in the source region. A source electrode is part of a conductive
layer formed of a material different from that of a source region and electrically
connected to the source region. However, there is the case where a source electrode
and a source region are collectively called a source electrode. A source wiring
corresponds to a wiring for connecting source electrodes of transistors, a wiring for
connecting source electrodes included in pixels, or a wiring for connecting a source
electrode to another wiring,.

[6030]

Note that a source terminal corresponds to part of a source region, a source

electrode, or a portion (a region, a conductive film, a wiring, or the like) which is

electrically connected to the source electrode.
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[0031]

When a wiring is called a source wiring, a source line, a source signal line, a
data line, a data signal line, or the like, there is the case where a source (a drain) of a
transistor is not connected to the wiring. In this case, the source wiring, the source line,
the source signal line, the data line, or the data signal line corresponds to a wiring
formed in the same layer as the source (the drain) of the transistor, a wiring formed of
the same material as the source (the drain) of the transistor, or a wiring formed at the
same time as the source (the drain) of the transistor in some cases. Examples of such a
wiring include a wiring for storage capacitance, a power supply line, and a reference
potential supply line.

[0032]

Note that a drain is similar to the source.
[0033]

Note that a semiconductor device corresponds to a device having a circuit
including a semiconductor element (e.g., a transistor, a diode, or a thyristor). The
semiconductor device may also refer to all devices which can function by utilizing
semiconductor characteristics. Alternatively, the semiconductor device refers to a
device including a semiconductor material.

[0034]

A display element corresponds to an optical modulation element, a liquid
crystal element, a light-emitting element, an EL element (an organic EL element, an
inorganic EL element, or an EL element including both organic and inorganic materials),
an electron emitter, an electrophoresis element, a discharging element, a light-reflecting
element, a light diffraction element, a digital micromirror device (DMD), or the like.
Note that the present invention is not limited thereto.

[0035] '

A display device corresponds to a device including a display element. The
display device may include a plurality of pixels having a display element. The display
device may include a peripheral driver circuit for driving a plurality of pixels. The
peripheral driver circuit for driving a plurality of pixels may be formed over the same
substrate as the plurality of pixels. The display device may also include a peripheral

driver circuit provided over a substrate by wire bonding or bump bonding, that is, an IC
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chip connected by so-called chip on glass (COG), TAB, or the like. Further, the
display device may also include a flexible printed circuit (FPC) to which an IC chip, a
resistor, a capacitor, an inductor, a transistor, or the like is attached. The display
device may also include a printed wiring board (PWB) which is connected through a
flexible printed circuit (FPC) and the like and to which an IC chip, a resistor, a capacitor,
an inductor, a transistor, or the like is attached. The display device may also include
an optical sheet such as a,polarizing plate or a retardation plate. The display device
may also include a lighting device, a housing, an audio input and output device, an
optical sensor, or the like.

[0036]

Here, a lighting device may include a light guide plate, a prism sheet, a
diffusion sheet, a reflective sheet, a light source (e.g., an LED or a cold cathode
fluorescent lamp), a cooling device (e.g., a water cooling type or an air cooling type), or
the like.

[0037]

A liquid crystal display device corresponds to a display device including a
liquid crystal element. Liquid crystal display devices include a direct-view liquid
crystal display, a projection liquid crystal display, a transmissive liquid crystal display, a
reflective liquid crystal display, a transflective liquid crystal display, and the like in its
category.

[0038]

When it is explicitly described that B is formed on or over A, it does not
necessarily mean that B is formed in direct contact with A. The description includes
the case where A and B are not in direct contact with each other, that is, the case where
another object is interposed between A and B. Here, each of A and B corresponds to
an object (e.g., a device, an element, a circuit, a wiring, an electrode, a terminal, a
conductive film, or a layer).

[0039]

As for a liquid crystal display device and a driving method thereof according to
the present invention, even when one pixel is divided into a plurality of sub-pixels in
order to improve viewing angle and when a method for improving viewing angle in

which different signal voltages are applied to sub-pixel is employed, increase in the
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circuit scale, increase in driving speed of a circuit, or the like for driving sub-pixels does
not occur.  As the result, reduction in power consumption and in manufacturing cost
can be realized. Moreover, an accurate signal can be input to each sub-pixel, so that
quality of still image display can be improved. Furthermore, since a black image can
be displayed in an arbitrary timing without adding a special circuit and changing a
structure, the quality of moving image display can be improved.

[0040]

Further, as for a liquid crystal display device and a driving method thereof
according to the present invention, contrast ratio can be improved by providing a period
in which a black image is displayed. Flicker of a display can be reduced by shortening
of period for displaying a black image, and response speed of display can be increased
by overdrive. Furthermore, drive frequency of a driver circuit of a liquid crystal panel

can set to be low, so that power consumption can be reduced.

BRIEF DESCRIPTION OF DRAWINGS
[0041]

FIGS. 1A to 1E illustrate a conducting state of a first circuit 10 in the present
invention.

FIGS. 2A to 2D illustrate a conducting state of the first circuit 10 in the present
invention.

FIGS. 3A to 3D illustrate a conducting state of the first circuit 10 in the present
invention.

FIGS. 4A to 4C4 illustrate a conducting state of the first circuit 10 in the
present invention.

FIGS. 5D1 to SE illustrate a conducting state of the first circuit 10 in the
present invention.

FIGS. 6A to 6F illustrate circuit examples of a pixel circuit in the present
invention.

FIGS. 7A to 7E illustrate circuit examples of a pixel circuit in the present
invention. |

FIGS. 8A to 8F illustrate circuit examples of a p'ixel circuit in the present

invention.



10

15

20

25

30

WO 2009/069674 15 PCT/JP2008/071484

FIGS. 9A to 9E illustrate circuit examples of a pixel circuit in the present
invention.

FIGS. 10A to 10D illustrate circuit examples of a pixel circuit in the present
invention.

FIGS. 11A to 11D illustrate specific examples of a pixel circuit in the present
invention.

FIGS. 12A and 12B illustrate specific examples of a pixel circuit in the present
invention.

FIGS. 13A to 13D illustrate specific examples of a pixel circuit in the present
invention.

FIGS. 14A to 14E illustrate circuit examples of a pixel circuit in the present
invention.

FIGS. 15A and 15B illustrate circuit examples of a pixel circuit in the present
invention.

FIGS. 16A to 16H illustrate manufacturing examples of a peripheral driver
circuit in the present invention.

FIGS. 17A to 17G illustrate manufacturing examples of a semiconductor
element in the present invention.

FIGS. 18A to 18D illustrate manufacturing examples of a semiconductor
element in the present invention.

FIGS. 19A to 19G illustrate manufacturing examples of a semiconductor
element in the present invention.

FIGS. 20A to 20E illustrate an electronic device of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION
[0042]

Hereinafter, the embodiment modes of the present invention will be described
with reference to the drawings. However, the present invention can be implemented in
various modes, and it is easily understobd by those skilled in the art that modes and
details can be variously changed without departing from the scope and the spirit of the
present invention. Therefore, the present invention is not construed as being limited to

description of the embodiment modes.
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(Embodiment Mode 1)
<Example of Operation and Pixel Structure>
[0043]

First, an operation in which a pixel circuit should have in order to solve the
above objeéts and examples of a pixel structure which realize thereof is described.
The operation in which a pixel circuit should have in order to solve the above objects
mainly includes following two operations. That is, (operation A) different voltages are
written to the piurality of sub-pixels included in a pixel by one time of writing, and
(operation B) a period in which all sub-pixels display black color is provided in one
frame period. With realization of operation A, viewing angle can be improved without
increasing circuit scale, driving speed, or the like for driving sub-pixels. In addition,
operation B is realized while operation A is realized, so that viewing angle is improved,
power consumption is reduced, and image quality of moving image display is improved.

As thus described, not only improvement of one characteristic among characteristics

which a liquid crystal display device has, but also improvement of any other

characteristics toward high level at the same time are highly effective for enhancement

of whole image quality of the liquid crystal display device. Note that as for operation

| B, if changing the length of the period in which all sub-pixels display black color comes

to be possible, suitable image quality for each characteristics of moving image can be
provided in the case where various .moving images are displayed on the liquid crystal
display device, which is preferable.

[0044]

As an example of a pixel structure which realizes the above operation, a first
pixel structure is illustrated in FIG. 1A. The first pixel structure includes a first circuit
10 which is electrically connected to a first wiring 11 and a second wiring 12, a first
liquid crystal element 31 which is electrically connected to the first circuit 10, a second
liquid crystal element 32 which is electrically connected to the first circuit 10, and a first
capacitor element 50 which is electrically connected to the first circuit 10.

[0045]

Here, the first capacitor element 50 has two electrodes, and one electrode

which is different from the electrode which is electrically connected to the first circuit

10 is electrically connected to a third wiring 13. Then, a combination of the first
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capacitor element 50 and the third wiring 13 is a second circuit 60.
[0046]

Further, the first liquid crystal element 31 has two electrodes, and an electrode
which is electrically connected to the first circuit 10 is referred to as a first pixel
electrode, and the other electrode is referred to as a first common electrode. Then, it is
assumed that the first common electrode is electrically connected to a fourth wiring 21.
However, the first common electrode may be electrically connected to another wiring
without being limited to this. Furthermore, a combination of the. first liquid cryStal
element 31 and the fourth wiring 21 is a first sub-pixel 41.

[0047]

Similarly, the second liquid crystal -element 32 has two electrodes, and an
electrode which is electrically connected to the first circuit 10 is referred to as a second
pixel electrode, and the other electrode is referred to as a second common electrode.
Then, it is assumed that the second cominon electrode is electrically connected to a fifth
wiring 22. However, the second common electrode may be electrically connected to
another wiring without being limited to this. Furthermore, a combination of the
second liquid crystal element 32 and the fifth wiring 22 is a second sub-pixel 42.

[0048]

Note that the first to fifth wirings which are in the circuit included in the first
pixel structure can be classified as follows according to the role. The first wiring 11
can have a function as a reset line to which reset voltage V, is applied. The second
wiring 12 can have a function as a data line to which the data voltage V, is applied.
The third wiring 13 can have a function as a common line for controlling voltage
applied to the first capacitor element 50. The fourth wiring 21 can have a function as a
liquid crystal common electrode for controlling voltage applied to the first liquid crystal
element 31. The fifth wiring 22 can have a function as a liquid crystal common
electrode for controlling voltage applied to the second liquid crystal element 32.

[0049] - ‘

However, each wiring can have various roles without being limited to this.
The wirings for applying the same voltages, in particular, can be common wirings which
are electrically connected to each other. Since an area of wiring in a circuit can be

reduced by sharing a wiring, aperture ratio can be improved, whereby power
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~ consumption can be reduced.

[0050]
<First Pixel Structure and Function (1)>

Next, the function that the first circuit 10 should have is described in detail in
order to realize the above mentioned operation A and operation B by the first pixel
structure. Here, it is assumed that: a first voltage V, is applied to the first wiring 11; a
second voltage V; is applied to the second wiring 12; a third voltage V3 is applied to the
third wiring 13; a fourth voltage V4 is appﬁed to the fourth wiring 21; and a fifth voltage
Vs is applied to the fifth wiring 22.

[0051]

The first circuit 10 includes a plurality of switches for controlling a conducting
state of the first wiring 11, the second wiring 12, the first liquid crystal element 31, the |
second liquid crystal element 32, and the first capacitor element 50 which are
electrically connected to the first circuit 10. Then; the first circuit 10 should have a
function that a conducting state which is needed to realize the above mentioned
operation A and operation B can be methodically realized.

[0052]
<First Conducting State (Reset)>

The first conducting state in a function (1) of the first pixel structure is that the
voltage applied to each element which is electrically connected to the first circuit 10
(the first liquid crystal element 31, the second liquid crystal element 32, and the first
capacitor element 50) is returned to the voltage of an initial state (also referred to as
reset voltage). Therefore, this state is also referred to as a reset state.

[0053]

The reset state of the first circuit 10 is realized by the following conducting
states of the first circuit 10. That is, the connection between the first liquid crystal
element 31, the second liquid crystal element 32, the first capacitor element 50, and the
first wiring 11 is brought into conduction with each other. FIG. 1B illustrates a
schematic diagram of this state. Under such a conducting state, the first voltage V; can
be applied»to the first liquid crystal element 31, the second liquid crystal element 32,

and the first capacitor element 50. In other words, the first voltage V is reset voltage.
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Here, the first voltage V), is preferably voltage by which the first liquid crystal element
31 and the second liquid crystal element 32 display black color. For example, if the
property of the first liquid crystal element 31 and the second liquid crystal element 32 is
normally black, it is preferable that the level of the first voltage is in the range of 0 V to
threshold voltage (the voltage that transmissivity begins to rise) of the liquid crystal.
On the other hand, if the property of the first liquid crystal element 31 and the second
liquid crystal element 32 is normally white, it is preferable that the level of the first
voltage V; is equal to or more than saturation voltage (the voltage that transmissivity
finishes dropping) of the liquid crystal.

[0054]

Note that attention is necessary in that the level of the voltage applied to the
liquid crystal is the difference between the first voltage V, and the fourth voltage V, or
the fifth voltage Vs. For example, in the case where Q V is applied to the first liquid
crystal element, when the fourth voltage V, or the fifth voltage Vs is 0 V, the first
voltage V;is 0 V. Similarly, in the case where 0 V is applied to the first liquid crystal
element, for example, when the fourth voltage V, or the fifth voltage Vs is 5 V, the first
voltage V; is 5V. As thus described, the first voltage V; is determined by the voltage
that should be applied to each liquid crystal element and the voltage of the fourth
voltage V, or the fifth voltage Vs. In this embodiment mode, for simplification, the
fourth voltage V4 and the fifth voltagé Vs is 0 V, and the voltage applied to the liquid
crystal is equal to the first voltage Vi. However, this is just for considerihg the
convenience of description, and thus, the actual fourth voltage V, or fifth voltage Vs is
not limited to 0 V. Note that as for the third voltage V3 in the first capacitor element,
specific voltage used for description is similar to the fourth voltage V, or the fifth
voltage Vs.

[0055]

The reason why each element electrically connected to the first circuit 10 is
made to be in a reset state as above described is as follows. The first reason is that the
voltage which should be written in each liquid crystal element after the first conducting
state does not depend on the voltage which is written before the first conducting state.
If the voltage depends on, it becomes difficult to control the voltage normally which

should be written in each liquid crystal element, and as a result, it becomes difficult to
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perform display of the liquid crystal display device normally. The second reason is
that each liquid crystal element displays black color by the reset state, and all liquid
crystal elements are subjected to this control, whereby the liquid crystal display device
displays black color. In other words, the liquid crystal display device displays black
color, so that above mentioned operation B can be realized. Therefore, image quality
of moving image display is improved. Note that the length of the period of black color
display can be controlled by controlling the timing to be in a reset state. The period of
black color display is increased, so that image quality of moving image display is
improved more. On the other hand, the period of black color display is reduced, so
that flicker of the liquid crystal display device can be reduced. '

[0056]

<Second Conducting State (Writing )>

The second conducting state in the function (1) of the first pixel structure is
that the voltage (also referred to as data voltage or data signal) which is based on an
image signal is written selectively in the first capacitor element 50, and either of the first
liquid crystal element 31 or the second liquid crystal element 32, out of the elements
(the first liquid crystal element 31, the second liquid crystal element 32, and the first
capacitor element 50) electrically connected to the first circuit 10. Therefore, this state
is referred to as a writing state. Note that at this time, one of the first liquid crystal
element 31 and the second liquid crystal element 32, in which data voltage is not written,
holds the voltage before to be in the second conducting state.

[0057]

The writing state of the first circuit 10 is realized by the following conducting
states of the first circuit 10. That is, the connection between the second wirihg 12, the
first capacitor element 50 and either of the first liquid crystal element 31 or the second
liquid crystal element 32 is brought into conduction with each other. Moreover, the
other of the first liquid crystal element 31 and the second liquid crystal element 32 is
brought out of conduction with any of the above mentioned elements, which is brought
out of conduction. FIGS. 1C1 and 1C2 illustrate each conducting state at that time.
FIG. 1C1 illustrates the case where the connection between the second wiring 12, the
first capacitor element 50, and the first liquid crystal element 31 is brought into

conduction with each other, and further, the second liquid crystal element 32 is brought
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out of conduction. FIG. 1C2 illustrates the case where the connection between the
second wiring 12, the first capacitor element 50, and the second liquid crystal element
32 is brought into conduction with each other, and further, the first liquid crystal
element 31 is brought out of conduction. In the second conducting state, either of the
conducting states can be obtained out the conducting states illustrated in FIGS. 1C1 and
1C2.

[0058]

Under such a conducting state, the second voltage is applied to the first
capacitor element 50 and the first liquid crystal element 31 (or the second liquid crystal
element 32), and the second liquid crystal element 32 (or the first liquid crystal element
31) can hold the voltage before the second conducting state. Here, the second voltage
is the data voltage, and different voltage values can be taken by the period in which the
function (1) of the first pixel structure is repeated (also referred to as one frame period).
Display of the liquid crystal display device is performed based on the second voltage
which is written in a writing state.

[0059] |

Note that polarity of voltage applied to the liquid crystal element is reversed by
a constant period (for example, one frame period), so that burn-in of the liquid crystal
element can be prevented (referred to as inversion driving or AC driving). In order to
realize the inversion driving, the state of V, > V; and the state of V, < V; are repeated in
every one frame period, for example. Alternatively, it can be realized by repeating the
state of V2 > V4 (V) and the state of V, < V4 (Vs) in every one frame period.

[0060]

In the second conducting state, the reason why the data voltage is written in the
first liquid crystal element 31 (or the second liquid crystal element 32) and the second
liquid crystal element 32 (or the first liquid crystal element 31) hold the voltage before
to be in the second conducting state is as follows. That is, before in the third
conducting state, a condition is needed, in which there is difference of written voltages -
between the first capacitor element and either of the first liquid crystal element 31 or the
second liquid crystal element 32. Thus, the third conducting state can be effective, and

as the result, the above mentioned operation A can be realized.
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[0061]
<Third Conducting State (Distribution)>

The third conducting state in the function (1) of the first pixel structure is that
charge is distributed in the first capacitor element 50 and the one of the first liquid
crystal element 31 and the second liquid crystal element 32 to which wiring is not
performed in the second conducting state (one liquid crystal element which holds
voltage before to be in the second conducting state), out of the elements (the first liquid
crystal element 31, the second liquid crystal element 32, and the first capacitor element
50) electrically connected to the first circuit 10, and the voltage is changed by the
distribution. Therefore, this state is referred to as a distribution state. Note that at
this time, one of the first liquid crystal element 31 and the second liquid crystal element
32, in which charge is not distributed with the first capacitor element 50, holds the
voltage before to be in the third conducting state.

[0062]

The distribution state of the first circuit 10 is realized by the following
conducting states of the first circuit 10. That is, the first capacitor element 50, and
either of the first liquid crystal element 31 or the second liquid crystal element 32 to
which writing is not performed in the second conducting state are brought into a
conduction each other. Moreover, the other of the first liquid crystal element 31 and
the second liquid crystal element 32 is brought out of conduction with any of the above
mentioned elements, which is brought out of conduction. FIGS. 1D1 and 1D2
illustrate each conducting state at that time. FIG 1D1 illustrates the case where the
connection between the first capacitor element 50 and the second liquid crystal element
32 is brought into conduction with each other, and further, the first liquid crystal
element 31 is brought out of conduction. FIG. 1D2 illustrates the case where the
connection between the first capacitor element 50 and the first liquid crystal element 31
is brought into conduction with each other, and further, the second liquid crystal
element 32 is brought out of conduction. The conducting state illustrated in FIG. 1D1
is performed in the case where the conducting state illustrated in FIG. 1C1 is selected in
the second conducting state. On the other hand, the conducting state illustrated in FIG.
1D2 is performed in the case where the conducting state illustrated in FIG. 1C2 is

selected in the second conducting state. Under such a conducting state, distribution of
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charge occurs in the first capacitor element 50 and the second liquid crystal element 32
(or the first liquid crystal element 31), and the first liquid crystal element 31 (or the
second liquid crystal element 32) can hold the voltage before the third conducting state.
Distribution of charge in the conducting state illustrated in FIG. 1D1 is realized by the

following equations, and the voltage after the distribution of charge is determined.

(Equation 1)
CsoV2 + C32Vy = C5oV2' + G2V’

The equation is solved with respect to V,'.

(Equation 2)
V2’ =(CsoV2 + C32V1) / (Cso + C32)

Here, V) is the first voltage, V, is the second voltage, V' is the voltage after the
distribution of charge, Csy is capacitance of the first capacitor element 50, and C;j; is
capacitance of the second liquid crystal element 32. Note that equation of distribution
of charge in the conducting state illustrated in FIG. 1D2 can be obtained by capacitance
G, of the first liquid crystal element 31 taking the place bf capacitance C3;. Here, if
the voltage of V; and V; are the same, V' becomes equal to V», and thus, voltage is not
changed by distribution of charge, which is the purpose of the third conducting state.
In other words, this is the reason why the condition in which the level of the voltage
written to the first capacitor element differs from the level of the voltage written to
either of the first liquid crystal element 31 or the second liquid crystal element 32 before
to be in the above mentioned third conducting state is needed.

[0063]

In the third conducting state, the first liquid crystal element 31 (or the second
liquid crystal element 32) holds voltage before to be in the third conducting state, the
voltage of the second liquid crystal element 32 (or the first liquid crystal element 31) is
changed by charge distribution with the first capacitor element 50, so that the voltage

applied to the first liquid crystal element 31 can differ from the voltage applied to the
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second liquid crystal element 32. The difference of the voltages brings the difference
of optical state of the liquid crystal molecule included in the liquid crystal element, and
the difference of optical state of the liquid crystal molecule leads to improve the
viewing angle of the liquid crystal display device. Furthermore, the difference of the
voltages is realized by distribution of charge in the pixel circuit, so that voltage supply
from the outside of the pixel circuit is not necessary. In other words, the above
mentioned operation A can be satisfied, and thus, viewing angle can be improved
without increasing circuit scale, driving speed, or the like for driving sub-pixels.

[0064]

<Order of Conducting State>

As described above, the function that the first circuit 10 should have in the
function (1) of the first pixel structure is that the conducting states which is needed to
realize the above mentioned operation A and operation B can be obtained methodically.
FIG. 1E simply illustrates the order of the conducting states of the function.

[0065]

The first is as follows: first, the conducting state illustrated in FIG. 1B is
obtained as the first conducting state; next the conducting state illustrated in FIG. 1Cl1 is
obtained as the second conducting state; and next the conducting state illustrated in FIG.
1D1 is obtained as the third conducting state. Note that after obtaining the third
conducting state, the conducting state illustrated in FIG. 1D2 can also be obtained as a
fourth conducting state. ~ In this case, two times of distributions are performed, and as
the result of that, the difference of the voltages applied to the first liquid crystal element
31 and the second liquid crystal element 32 can be reduced compared to the case of
single distribution.

[0066]

The second is as follows: first, the conducting state illustrated in FIG. 1B is
obtained as the first conducting state; next, the conducting state illustrated in FIG. 1C2
is obtained as the second conducting state; and next the conducting state illustrated in
FIG. 1D2 is obtained as the third conducting state. Note that after obtaining the third
conducting state, the conducting state illustrated in FIG. 1D1 can also be obtained as a
fourth conducting state. In this case, two times of distributions are performed, and as

the result of that, the difference. of the voltages applied to the first liquid crystal element
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31 and the second liquid crystal element 32 can be reduced compared to the case of

single distribution.

[0067]

The first circuit 10 in the first pixel structure has such functions, so that the
above mentioned operation A and operation B can be realized. Therefore, a liquid
crystal display device having the above mentioned can be realized.

[0068] _
<First Pixel Structure and Function 2)>

In the first pixel structure, there are other functions which the first circuit 10
should have in order to satisfy the above mentioned operation A and operation B at the
same time. The function (1) of the first pixel structure is simply summarized as the
function that the reset state, the writing state (Csp and either of Cs; or Cs;), and the
distribution state (Csp and either of Cs; or C3;) are realized in this order. The function
(2) of the first pixel structure which is described below is described as the function that
the reset state, thé writing state (either of Cs; or Cs), and the distribution state (Csp and
either of Cs; or Cs) are realized in this order. This function will be described below.
Note that the above description which is in common with the description of the function
(1) of the first pixel structure is omitted.

[0069]
<First Conducting State (Reset)>

The first conducting state in the function (2) of the first pixel structure is the
state that voltage which is applied to each element (the first liquid crystal element 31,
the second liquid crystal element 32, and the first capacitor element 50) electrically
connected to the first circuit 10 is returned to the initial state. FIG. 2A illustrates the
conducting state. Since the conducting state illustrated in FIG. 2A and the conducting
state illustrated in FIG 1B have similar operation and effect, detailed description is
omitted.

[0070]
<Second Conducting State (Writing)>
The second conducting state in the function (2) of the first pixel structure is

that the data voltage is written selectively in the first liquid crystal element 31 and the
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second liquid crystal element 32, out of the elements (the first liquid crystal element 31,
the second liquid crystal element 32, and the first capacitor element 50) electrically
connected to the first circuit 10. At this time, the first capacitor element 50 holds
voltage before to be in the second conducting state.

[0071] 4

FIG. 2B1 illustrates the conducting state of the first circuit 10 in the second
conducting state. In the second conducting state, the connection between the second
wiring 12, the first liquid crystal element 31, and the second liquid crystal element 32 is
brought into conduction with each other, and further, the first capacitor element 50 is
brought out of conduction with any elements. Thus, the data voltage is written in the
first liquid crystal element 31 and the second liquid crystal element 32 selectively, and
the first capacitor element 50 can hold the voltage before to be the second conducting
state.

[0072]

Note that in the second conducting state, the conducting state illustrated in FIG.
2B2 can also be obtained instead of the conducting state illustrated in FIG. 2B1. In the
conducting state illustrated in FIG. 2B2, there are two connection destinations between
the second wiring 12 and the first circuit 10, and the respective connection destinations
are brought into conduction with the first liquid crystal element 31 and the second liquid
crystal element 32. As thus described, the case where a conductive path branches
inside the first circuit 10 and where a plurality of elements are brought into conduction
(for example, the conducting state illustrated in FIG. 2B1) can be taken place of the case
where a conductive path branches outside the first circuit 10 and where each path is
connected to the first circuit 10. This is not illustrated in other diagrams except for
FIG. 2B2 in particular; however, it can be applied to all circuits described in this
specification. As an example of other than FIG. 2B2, for example, in the reset state
illustrated in FIGS. 1B, 2A, or the like, there are three connection destinations between
the first wiring 11 and the first circuit 10, and each connection destination can be
brought into conduction with the first capacitor element 50, the first liquid crystal
element 31, and the second liquid crystal element 32.

[0073]
<Third Conducting State (Distribution)>
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In the third conducting state in the function (2) of the first pixel structure,
charge is distributed in the first capacitor element 50 and either of the first liquid crystal
element 31 or the second liquid crystal element 32, out of the elements (the first liquid
crystal element 31, the second liquid crystal element 32, and the first capacitor elerneﬂt
50) electrically connected to the first circuit 10, and the voltage is changed by the
distribution. At this time, one of the first liquid crystal element 31 and the second
liquid crystal element 32, in which distribution of charge is not performed, holds
voltage before to be in the third conducting state.

[0074]

FIGS. 2C1 and 2C2 illustrate the conducting state of the first circuit 10 in the
third conducting state. Since this is the same conducting state as the FIGS. 1D1 and
1D2, detailed description is omitted. The voltage applied to each element before to be
the third conduéting state differs from the voltage described in the function (1) of the
first pixel structure, so that the voltage applied to each element after the distribution
differs. Distribution of charge in the conducting state illustrated in FIG 2C1 is
realized by the following equations, and the voltage after the distribution of charge is

determined.

(Equation 3)
CsoV1 + C32Va = CsoVy'" + C3, V'’

The equation is solved with respect to V,".

(Equation 4)
Vo' = (CsoV1 + C32V2) / (Csp + C32)

Here, V," is the voltage after the distribution of charge in the function (2) of the first
pixel structure. Note that the equation of the distribution of charge in the conducting
state illustrated in FIG. 2C2 can be obtained if the capacitance Cs; of the first liquid
crystal element 31 takes the place of the capacitance Cs,.

[0075] |
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As thus described, in the function (2) of the first pixel structure, similar to the
function (1) of the first pixel structure, in the third conducting state, the first liquid
crystal element 31 (or the second liquid crystal element 32) holds voltage before to be in
the third conducting state, and the voltage of the second liquid crystal element 32 (or the
first liquid crystal element 31) is changed by distribution of charge with the first
capacitor element 50, and as the result, the voltage applied to the first liquid crystal
clement 31 can differ from the voltage applied to the second liquid crystal element 32.
[0076] |

However, the voltage V," after the distribution in the function (2) of the first
pixel structure comes to be different from the voltage V,' after the distribution in the
function (1) of the first pixel structure. The influence of this is described below with
comparing the cases of the conducting states of FIGS. 1D1 and 2C1. The difference
between Equation 2 which gives voltage V,' after the distribution in the function (1) of
the first pixel structure and Equation 4 which gives voltage V," after the distribution in
the function (2) of the first pixel structure is a numerator of the right side. The portion
concerned in Equation 2 is (CsV2 + C3,V1), and the portion concerned in Equation 4 is
(CsoV1 + C32V3). Vi s the reset voltage which gives black display to a liquid crystal
element, and V; is the data voltage which gives a certain display to the liquid crystal
clement. Therefore, when the liquid crystal element is normally black, the relation is
Vi1 = V.. In other words, in Equation 2, the voltage V,' after the distribution is largely
influenced by the size of Cso. In Equation 4, the voltage V,' after the distribution is

largely influenced by the size of C3,. In accordance with the characteristics, for

example in the case where control of variations among the pixels of Cs; is more difficult

than the control of variations among the pixels of Cso, adoption of the function (1) of the
first pixel structure, which is less influenced by variations among the pixels of Cs;, can
lead to more accurate control of the voltége after the distribution. On the contrary, in
the case where control of variations among the pixels of Csy is more difficult than the
control of variations among the pixels of Cs;, adoption of the function (2) of the first
pixel structure, which is less influenced by variations among the pixels of Cso, can lead
to more accurate control of the voltage after the distribution. Note that in that case of .

the liquid crystal element is normally white, the relation is reversed. As thus described,
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by the condition at manufacturing of the actual liquid crystal display device, the most
suitable function can be selected as appropriate.

[0077]

<Order of Conducting State>

As described above, the function that the first circuit 10 should have in the
function (2) of the first pixel structure is that the conducting states which is needed to
realize the above mentioned operation A and operation B can be obtained methodically.
FIG. 2D simply illustrates the order of the conducting states of the function. |
[0078]

The first is as follows: first, the conducting state illustrated in FIG. 2A is
obtained as the first conducting state; next the conducting state illustrated in FIG. 2B1 or
FIG 2B2 is obtained as the second conducting state; and next the conducting state
illustrated in FIG 2C1 is obtained as the third conducting state. Note that after
obtaining the third conducting state, the conducting state illustrated in FIG. 2C2 can also
be obtained as a fourth conducting state. In this case, two times of distributions -are
performed, and as the result of that, the difference of tﬁe voltages applied to the first
liquid crystal element 31 and the second liquid crystal element 32 can be reduced
compared to the case of single distribution.

[0079] '

The second is as follows: first, the conducting state illustrated in FIG. 2A is
obtained as the first conducting state; next the conducting state illustrated in FIG. 2B1 or
FIG. 2B2 is obtained as the second conducting state; and next the conducting state
illustrated in FIG 2C2 is obtained as the third conducting state. Note that after
obtaining the third conducting state, the conducting state illustrated in FIG. 2C1 can also
be obtained as a fourth conducting state. In this case, two times of distributions are
performed, and as the result of that, the difference of the voltages applied to the first
liquid crystal element 31 and the second liquid crystal element 32 can be reduced
compared to the case of single distribution.

[0080]

The first circuit 10 in the first pixel structure has such functions, so that the

above mentioned operation A and operation B can be realized. Therefore, a liquid

crystal display device having the above described advantages can be realized.
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{0081}
<First Pixel Structure and Function (3)>

In the first pixel structure, there are other functions which the first circuit 10
should have in order to satisfy the above described operation A and operation B at the
same time. The function (1) and (2) of the first pixel structure is a method in which
two of the first capacitor element 50, the first liquid crystal element 31, and the second
liquid crystal element 32 are selectively written in a writing state. In the function (1),
the first capacitor element 50 and the first liquid crystal element 31 (or the second liquid
crystal element 32) are selectively written, and in the function (2), the first liquid crystal
element 31 and the second liquid crystal element 32 are selectively written. A function

(3) of the first pixel structure, which is described below, is a method in which one of the

first capacitor element 50, the first liquid crystal element 31, and the second liquid

crystal element 32 is selectively written at the time of a writing state. More
specifically, the first circuit 10 can obtain a conducting states of the reset state, the
writing state (one of Csg, C33, and Cs,), distribution state 1 (Cso, and either of Cs; or C3y),
and the distribution state 2 (Csg, and either of Cs; or C33), and has a function to realize
these conducting states methodically. Note that the above description which is in
common with the description of the function (3) of the first pixel structure is omitted.
[0082] |
<First Conducting State (Reset)>

" The first conducting state iﬁ the function (3) of the first pixel structure is the
state that voltage which is applied to each elements (the first liquid crystal element 31,
the second liquid crystal element 32, and the first capacitor element S0) electrically
connected to the first circuit 10 is returned to the initial state. FIG 3A illustrates the
conducting state. Since the conducting state illustrated in FIG. 3A and the conducting
state illustrated in FIG. 1B have similar operation and effect, detailed description is
omitted.
[0083]
<Second Conducting State (Writing)> _

The second conducting state in the function (3) of the first pixel structure is

that the data voltage is written selectively in one of the elements (the first liquid crystal
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element 31, the second liquid crystal element 32, and the first capacitor element 50)
electrically connected to the first circuit 10. At that time, an element except to which
the data voltage is written holds the voltage which is before to be the second conducting
state. |

[0084]

FIG. 3Bl illustrates the conducting state of the first circuit 10 when data
voltage is selectively written in the first capacitor element 50 in the second conducting
state. In the conducting state illustrated in FIG. 3B1, the connection between the
second wiring 12 and the first capacitor element 50 is brought into conduction with each
other, and further, the first liquid crystal element 31 and the second liquid crystal
element 32 are brought out of conduction with any elements.

[0085]

Further, FIG 3B2 illustrates the conducting state of the first circuit 10 when

data voltage is selectively written in the first liquid crystal element 31 in the second

conducting state. In the conducting state illustrated in FIG 3B2, the connection -

~ between the second wiring 12 and the first liquid crystal element 31 is brought into

conduction with each other, and further, the first capacitor element 50 and the second
liquid crystal element 32 are brought out of conduction with any elements.
[0086]

Further, FIG. 3B3 illustrates the conducting state of the first circuit 10 when
data voltage is selectively written in the second liquid crystal element 32 in the second
conducting state. In the conducting state illustrated in FIG. 3B3, the connection
between the second wiring 12 and the second liquid crystal element 32 is brought into
conduction with each other, and further, the first capacitor element 50 and the first
liquid crystal element 31 are brought out of conduction with any elements.

[0087]

The second conducting state in the function (3) of the first pixel structure can
be any of the conducting states illustrated in FIGS. 3B1, 3B2,.or 3B3. Thus, the data
voltage is selectively written in one of the elements (the first liquid crystal element 31,
the second liquid crystal element 32, and the first capacitor element 50) electrically
connected to the first circuit 10, and elements except the element in which the data

voltage is written can hold the voltage before to be the second conducting state.
J
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[0088] .
<Third and Fourth Conducting States (Distribution)>

In the third conducting state in the function (3) of the first pixel structure,
charge is distributed in the first capacitor element 50 and either of the first liquid crystal
element 31 or the second liquid crystal element 32, out of the elements (the first liquid
crystal element 31, the second liquid crystal element 32, and the first capacitor element
50) electrically connected to the first circuit 10, and the voltage is changed by the
distribution. Moreover, although charge is distributed also in the fourth conducting

state, at that time, charge is distributed to the first capacitor element 50 and the liquid

- crystal element which is different from the liquid crystal element to which charge is

distributed with the first capacitor element 50 in the third conducting state out of the
first liquid crystal element 31 and the second liquid crystal element 32.
[0089]

‘ FIG. 3C1 illustrates the conducting state of the first circuit 10 when charge is
distributed in the second liquid crystal element 32 and the first capacitor element 50 in
the third or the fourth conducting state. In the conducting state illustrated in FIG. 3C1,
the connection between the first capacitor element 50 and the second liquid crystal
element 32 is brought into conduction with each other, and further, the first liquid
crystal element 31 is brought out of conduction with any elements.

[0090]
FIG. 3C2 illustrates the conducting state of the first circuit 10 when charge is
distributed in the first liquid crystal element 31 and the first capacitor element 50 in the

third or the fourth conducting state. In the conducting state illustrated in FIG. 3C2, the

- connection between the first capacitor element 50 and the first liquid crystal element 31

is brought into conduction with each other, and further, the second liquid crystal
element 32 is brought out of conduction with any elements.
[0091]
<Order of Conducting State>

As described above, the function that the first circuit 10 should have in the
function (3) of the first pixel structure is that the conducting states which is needed to

realize the above mentioned operation A and operation B can be obtained methodically.
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FIG. 3D simply illustrates the order of the conducting states of the function.
[0092]

The first is as follows: first, the conducting state illustrated in FIG. 3A is
obtained as the first conducting state; next the conducting state illustrated in FIG. 3Bl is
obtained as the second conducting state; next, the conducting state illustrated in FIG.
3C1 is obtained as the third conducting state; and next the conducting state illustrated in
FIG 3C2 is obtained as the fourth conducting state. Note that at the time of this order,
when it is assumed that: the voltage after reset by the first conducting state is V; the
voltage after writing by the second conductive state is Vo; the voltage after charge is.
distributed by the third conductive state is V'; and the voltage after charge is distributed
by the fourth conductive state is V5", in the case where the liquid crystal element is
normally black, V; < V3" < V5’ < V; is satisfied. In the case where the liquid crystal
element is normally white, V, < V' < V5" < V; is satisfied. Specifically, after the
fourth conducting state is obtained, the voltages applied to the liquid crystal elements
are V," for the first liquid crystal element 31 and V' for the second liquid crystal
element 32 (in the case of V4 = V5 = 0). Thus, the above mentioned operation A and
operation B can be realized, so that a liquid crystal display device having the above
mentioned advantages can be realized.

[0093]
The second is as follows: first, the conducting state illustrated in FIG 3Ais
obtained as the first conducting state; next the conducting state illustrated in FIG. 3B1 is
obtained as the second conducting state; next, the conducting state illustrated in FIG.
3C2 is obtained as the third conducting state; and next the conducting staté illustrated in
FIG. 3C1 is obtained as the fourth conducting state. Note that although magnitude
relation of the voltages (V2, V;"") generated by the change of the conducting state is the
same as the first order, the relation of the voltage applied to each liquid crystal element
is reversed. Specifically, after the fourth conducting state is obtained, the voltages
applied to the liquid crystal elements are V' for the first liquid crystal element 31 and
V. for the second liquid crystal element 32 (in the case of V4 = V5 = 0). Thus, the
above mentioned operation A and operation B can be realized, so that a liquid crystal

display device having the above mentioned advantages can be realized.
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[0094]

The third is as follows: first, the conducting state illustrated in FIG. 3A is
obtained as the first conducting state; next the conducting state illustrated in FIGS. 3B2
is obtained as the second conducting state; next, the conducting state illustrated in FIG.
3C2 is obtained as the third conducting state; and next the conducting state illustrated in
FIG. 3C1 is obtained as the fourth conducting state. Note that although magnitude
relation of the voltages (V2', V,"') generated by the change of the conducting state is the
same-as the first order, the relation of the voltage applied to each liquid crystal element
is reversed. Specifically, after the fourth conducting state is obtained, the voltages
applied to the liquid crystal elements are V' for the first liquid crystal element 31 and
V," for the second liquid crystal element 32 (in the case of V4 = V5 = 0). Thus, the
above mentioned operation A and operation B can be realized, so that a liquid crystal
display device having the above mentioned advantages can be realized.

[0095]

The fourth is as follows: first, the conducting state illustrated in FIG. 3A is
obtained as the first conducting state; next the conducting state illustrated in FIG. 3B3 is
obtained as the second conducting state; next, the conducting state illustrated in FIG.
3C1 is obtained as the third conducting state; and next the conducting state illustrated in
FIG. 3C2 is obtained as the fourth conducting state. Magnitude relation of the voltage
(V2', V") generated by the change of the conducting state is the same as the first order.
Specifically, after the fourth conducting state is obtained, the voltages applied to the
liquid crystal elements are V,'' for the first liquid crystal element 31 and V' for the
second liquid crystal element 32 (in the case of V4 = Vs = 0). Thus, the above
mentioned operation A and operation B can be realized, so that a liquid crystal display
device having the above mentioned advantages can be realized.

[0096] |

It should be noted that the voltages (V2', V2'') which is generated in the first
order and the voltage (V2', V) which is generated in the fourth order are not
necessarily the same. This is because writing of data voltage in the first order is
performed to the first capacitor element 50 while writing of data voltage in the fourth

order is performed to the second liquid crystal element 32. In other words, even if the
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distribution states after the writing state are the same, capacitance of the first capacitor
element 50 and the second liquid crystal element 32 differ, so that the sum-total amount
of charge which is distributed differs, whereby the voltages to be generated after. the
distribution also differ. With the difference, there is an advantage that the suitable
function can be. selected according to the degree of variations in manufacturing of
elements. Since the advantage has been already mentioned, detailed description is
omitted. Note that the second order and the third order also have similar relation, so
that there are similar advantages.

[0097]

<Second Pixel Structure>

A pixel structure in which one first circuit 10 and two liquid crystal elements
are included has been described so far. However, the number of liquid crystal
elements included in the pixel structure in order to satisfy the above mentioned
operation A and operation B at the same time may be two or more. Here, as the second
pixel structure, a pixel structure in which one first circuit 10 and three liquid crystal
elements are included is described.

[0098]

In general, since viewing angle dependence of display can be well averaged as
the number of sub-pixels increases, it has a profound effect on viewing angle expansion.
However, in a conventional pixel structure, burdens of a peripheral circuit for driving
increases as increase the number of sub-pixels, which lead to increase of power
consumption or the like. However, a great advantage in a pixel structure in this
embodiment mode is in that even if the number of sub-pixels increases, the driving can
be realized by increase of the number of conducting states which perform distribution,
and the burdens of the peripheral circuit hardly increases.

[0099]

FIG. 4A illustrates the second pixel structure. The second pixel structure is
the structure that a third sub-pixel 43 is added to the first pixel structure illustrated in
FIG 1A. The third sub-pixel 43 includes a third liquid crystal element 33 and a sixth
wiring 23. Then, one electrode of the third liquid crystal element 33 is electrically
connected to the first circuit 10, and the other electrode is electrically connected to the

sixth wiring 23. Note that it is assumed that voltage V; is applied to the sixth wiring
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23.
[0100}

Note that the first to sixth wirings which are in the circuit included in the
second pixel structure can be classified as follows according to the role. The first
wiring 11 can haQe a function as a reset line to which reset voltage V is applied. The
second wiring 12 can have a function as a data line to which the data voltage V- is
applied. The third wiring 13 can have a function as a common line for controlling
voltage applied to the first capacitor element 50. The fourth wiring 21 can have a
Afunction as a liquid crystal common electrode for controlling voltage applied to the first
liquid crystal element 31. The fifth wiring 22 can have a function as a liquid crystal
common electrode for controlling voltage applied to the second liquid crystal element
32. The sixth wiring 23 can have a function as a liquid crystal common electrode for
controlling voltage applied to the third liquid crystal element 33. However, each
wiring can have various roles without being limited to this. The wirings, in particular,
for applying the same voltage can be common wirings which are electrically connected
to each other.  Since an area of wiring in a circuit can be reduced by sharing the wiring,
aperture ratio can be improved, whereby power consumption can be reduced. |
[0101]
<Order of Conducting State>

Similar to the first pixel structure, the function that the first circuit 10 should
have in the second pixel structure is that the conducting states which are needed to
realize the above mentioned operation A and operation B are obtained methodically.
Detailed description of each conducting state is omitted here. FIG. 4B illustrates the
reset state. FIG. 4C1 illustrates a writing state in which only the third liquid crystal
element 33 is brought out of conduction. FIG. 4C2 illustrates a writing state in which
only the second liquid crystal element 32 is brought out of conduction. FIG. 4C3
illustrates a writing state in which only the first liquid crystal element 31 is brought out
of conduction. FIG. 4C4 illustrates the writing state in which only the first capacitor
element 50 is in the nonconducting state. FIG. 5D1 illustrates a distribution state in
which the connection between the first capacitor element 50 and the third liquid crystal -
element 33 is brought into conduction and the other elements are brought out of

conduction. FIG. SD2 illustrates a distribution state in which the connection between
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the first capacitor element 50 and the second liquid crystal element 32 is brought into
conduction and the other elements are brought out of conduction. FIG. 5D3 illustrates
a distribution state in which the connection between the first capacitor element 50 and
the first liquid crystal element 31 is brought into conduction and the other elements are
brought out of conduction.
[0102] _

Then, at least twelve patterns of order are possible as simply illustrated in FIG
SE as the order of the conduéting states of the function. Although detailed description
is omitted, when the writing states of FIGS. 4C1 to 4C3 are obtained after the reset state
of FIG. 4B, the connection between the liquid crystal element in which writing is not
performed in a writing state and the first capacitor element 50 is brought into
conduction as the first distribution state. ~After that, as the second distribution state, the
liquid crystal element which is not brought into conduction with the first capacitor
element 50 in the first distribution state is brought into conduction with the first
capacitor element 50. Thus, when the writing states of FIGS. 4C1 to 4C3 are obtained,
six patterns of order are possible in total because two patterns of distribution states can
be possible. On the other hand, after the reset state of FIG. 4B, when the writing state
of FIG. 4C4 is obtained, any one of the distribution states of FIGS. 5D1 to 5D3 can be
obtained as the first distribution state. Then, since each of the three patterns of the first
distribution states can take two patterns of the second distribution states, six patterns of
order are possible in total. Therefore, twelve pattems of order are possible in total.
[0103] |

Note that there are other conducting states which are needed to realize the
above mentioned operation A and operation B, other than the above mentioned
conducting states. The above mentioned example is the case where, in the second
pixel structure, in the writing state, three elements are written and the rest one element

is not written out of four elements (the first capacitor element 50, the first liquid crystal

- element 31, the second liquid crystal element 32, and the third liquid crystal element 33).

Alternatively, the following cases can be given: in the writing state, two elements are
written and the rest two elements are not written out of four elements; and in the writing
state, one element is written and the rest three elements are not written out of four

elements. Although detailed description is omitted, even in any writing states, by
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adequately selecting the distribution states illustrated in FIGS. 5SD1 to 5D3 after that,
charge which is written is distributed to a plurality of the liquid crystal elements, and the
above mentioned operation A and operation B can be realized.

[0104]

Note that when the number of sub-pixels is four or more, by adequately
selecting the writing state and the distribution state, charge which is written is
distributed to a plurality of the liquid crystal elements, and the above mentioned
operation A and operation B can be realized in a manner similar to the above mentioned
examples. Thus, a liquid crystal display device having the above mentioned
advantages can be realized.

[0105]

Note that although this embodiment mode describes the content with reference
to various diagrams, the content (can be part of the content) described in each diagram
can be freely applied to, combined or replaced with the content (can be part of the
content) described in a different diagram and with the content (can be part of the
content) described in a different diagram of other embodiment modes. Further, in the
above mentioned diagrams, each part can be combined with another part and another
part of another embodiment mode.

[0106]
(Embodiment Mode 2)

In this embodiment mode, the first pixel structure described in Embodiment
Mode 1 is specifically described. In Embodiment Mode 1, description is made only
focused on the conducting state inside of the first circuit 10. In this embodiment mode,
description is made about the conducting states of a plurality of switches included in the
first circuit 10, and about the timing (a timing chart) of switching the conducting states
of each switch.

[0107]
<Circuit Example (1)>

As a circuit example (1), FIGS. 6A to 6D illustrate a circuit which can realize
function (1) and a part of the function (3) of the first circuit 10 described in
Embodiment Mode 1. Here, the part of the function (3) is the function including a

conducting state in which the data voltage is selectively written only in the first
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capacitor element 50 out of the function (3) which is already described.
[0108]

First, a circuit example illustrated in FIG 6A is described. The circuit
example illustrated in FIG. 6A includes a first switch (SWI), a second switch (SW2), a
third switch (SW3), a fourth switch (SW4), the first capacitor element 50, a second
capacitor element 51, a third capacitor element 52, the first liquid crystal element 31,
the second liquid crystal element 32, the first wiring 11, the second wiring 12, the third
wiring 13, the fourth wiring 21, the fifth wiring 22, a sixth wiring 71, and a seventh
wiring 72.

[0109]

One electrode of the first capacitor element 50 is electrically connected to the
third wiring 13. Here, an electrode of the first capacitor element 50 which is different
from the electrode which is electrically connected to the third wiring 13 is referred to as
a capacitor electrode.

[0110] |

One electrode of the first liquid crystal element 31 is electﬁcally connected to
the fourth wiring 21. Here, an electrode of the first liquid crystal element 31 which is
different from the electrode which is electrically connected to the fourth wiring 21 is
referred to as a first pixel electrode.

[0111]

One electrode of the second liquid crystal element 32 is electrically connected
to the fifth wiring 22. Here, an electrode of the second liquid crystal element 32 which
is different from the electrode which is electrically connected to the fifth wiring 22 is
referred to as a second pixel electrode. |
[0112]

One electrode of the first switch SW1 is electrically connected to the second
wiring 12, and the other electrode of the first switch SW1 is electrically connected to the
capacitor electrode. One electrode of the second switch SW2 is electrically connected
to the capacitor electrode, and the other electrode of the second switch SW2 is
electrically connécted to the first pixel electrode. One electrode of the third switch
SWS3 is electrically connected to the capacitor electrode, and the other electrode of the

third switch SW3 is electrically connected to the second pixel electrode. One electrode
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of the fourth switch SW4 is electrically connected to the capacitor electrode, and the
other electrode of the fourth switch SW4 is electrically connected to the first wiring 11.
[0113]

One electrode of the second capacitor element 51 is electrically connected to
the first pixel electrode, and the other electrode of the second capacitor element 51 is
electrically connected to the sixth wiring 71. One electrode of the third capacitor
element 52 is electrically connected to the second pixel electrode, and the other
electrode of the third capacitor element 52 is electrically connected to the seventh
wiring 72.

[0114]

Note that the second capacitor element 51 and the third capacitor element 52
are provided for the first liquid crystal element 31 and the second liquid crystal element
32 respectively, in order that voltage change over time, which is applied to each liquid
crystal element, is suppressed in a reset holding state or a data holding state which is
mentioned below, that is, in order to holds the voltage. Here, voltage changing over
time is caused by current when switches are in an off state (leakage current), leakagé
current which flows in the liquid crystal elements, change of capacitance of liquid
crystal elements, or the like. Therefore, in the cése where these have little influence,
the second capacitor element 51 and third capacitor element 52 are not necessarily
provided. Note that this can be applied to all circuits in this specification as well as the
circuit example (1). |
[0115]

Note that it is preferable that capacitances Csg, Cs;, and Csp of the first

capacitor element 50, the second capacitor element 51, and the third capacitor element
52 satisfy the magnitude relation of Csg > Cs; and Csg > Cs.  This is because while the
first capacitof element 50 is used alone in a distribution state, the second capacitor
element 51 and the third capacitor element 52 are used as auxiliary capacitors of the
first liquid crystal element 31 and the second liquid crystal element 32 respectively.
More specifically, it is preferable that (1/2) Csp > Cs; and (1/2) Csp > Cs;.  The Cs; and
Cs; may be nearly equal to each other, or may have difference in accordance with the

size of respective pixel electrodes. For example, in the case where the size of the first
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pixel electrode is larger than that of the second pixel electrode, Cs; > Cs; is preferable.

-Similarly, the capacitance Cs; of the first liquid crystal element 31 and capacitance Cx,

of the second liquid crystal element 32 may be nearly equal to each other, or may have
difference in accordance with the size of respective pixel electrodes. For example, in
the case where the size of the first pixel electrode is larger than that of the second pixel
electrode, Cs3; > Cs; is preferable.
[0116]
<Control of Circuit Example (1)>

Next, the control timing of each switch in the circuit example illustrated in FIG.
6A is described with reference to FIG. 6E. The function (1) described in Embodiment
Mode 1 can be realized by controlling each switch according to the timing chart
illustrated in FIG 6E. A horizontal axis of the timing chart illustrated in FIG 6E
indicates time. Conducting states of the first switch SW1, the second switch SW2, the
third switch SW3, and the fourth switch SW4 are illustrated along the time axis.
Furthermore, the voltages applied to the first capacitor element 50, the first liquid
crystal element 31, and the second liquid crystal element 32 at each timing are also
illustrated.
[0117]
<Reset State>

First, the first circuit 10 is brought into a reset state in order to prevent the
voltage written to a pixel in previous frame from exerting influence on the voltage
written to a subsequent frame. A period <P1> indicates this state. The purpose of the
period <P1> is that a reset.voltage V; is applied to the first capacitor element 50, the
first liquid crystal element 31, and the second liquid crystal element 32. On the other
hand, it is preferable that the connection between the second wiring 12 to which the data
voltage V; is applied and the first wiring 11 to which the reset voltage V; is applied is
brought out of conduction. This is because the connection between the first wiring 11
and the second wiring 12 which have voltage difference is brought into conduction
directly, whereby a large amount of current flows and power consumption increases.
For the above reasonS, in the period <P1>, the first switch SW1 is in an off state; the

second switch SW2 is in an on state; the third switch SW3 is in an on state; and the
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fourth switch SW4 is in an on state. - Although it is preferable that the period <P1> is
nearly equal or the same length as one gate selection period, the period <P1> may be
longer than one gate selection period considering the time to finish transferring the
charge.

[0118]

<Reset Holding State>

The purpose of a period <P2> is that the reset voltage V; is kept applied to the
first liquid crystal element 31 and the second liquid crystal element 32. In addition, it
is preferable that the connection between the second wiring 12 and the first wiring 11 is
brought out of conduction, similar to the period <P1>. For the purpose, SW1 to SW4
are all in an off state in the timing chart illustrated in FIG. 6E. However, there are
other states of each switch for achieving the above purpose other than the state v
illustrated in FIG 6E. In other words, the purpose of the period <P2> can be achieved
as long as the reset voltage V; is kept applied to the first liquid crystal element 31 and
the second liquid crystal element 32; therefore, SW1 may be in an off state, and SW2 to
SW4 may be in an on state, similar to the period <P1>, for example. In more general
sense, as long as SW1 is in an off state, each of SW2 to SW4 may be either in an on
state or in an off state. Thus, the reset voltage V; can be kept applied to the first liquid
crystal element 31 and the second liquid crystal element 32, and the connection between
the first wiring 11 and the second wiring 12 is not brought into conduction directly, so
that the purpose of the period <P2> can be achieved.

[0119]

Note that display device displays black in the period <P2>. Thus, image
quality of moving image display is improved more as the period <P2> becomes longer.
On the other hand, flicker of display can be reduced as the length of the period <P2>
becomes shorter. Note that it is preferable that the period <P2> is longer than the
period<P1>.

[0120]
<Writing State>

The purpose of a period <P3> is that a data voltage V, is applied to the first
capacitor element 50 and the first liquid crystal element 31. For the purpose, SW1 is

in an on state; SW2 is in an on state; SW3 is in an off state; and SW4 is in an off state in
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the timing chart illustrated in FIG. 6E. Note that, in the circuit example (1), the data
voltage V; can also be applied to the first capacitor element 50 and the second liquid
crystal element 32 in the period <P3>. In that case, SW1 is in an on state; SW2 is in
an off state; SW3 is in an on state; and SW4 is in an off state.
[0121]

Under the conducting state in the period <P3>, as illustrated in FIG. 6E, the
voltage applied to the first capacitor element 50 and the first liquid crystal element 31
(or the second liquid crystal element 32) becomes data voltage V>, and the voltage
applied to the second liquid crysfal element 32 (or the first liquid crystal element 31)
remains at the reset voltage V;. Note that it is preferable that the period <P3> has
nearly equal or the same length as one gate selection period has.
[0122]
<Distribution State>

The purpose of a period <P4> is that the connection between the first capacitor
element 50 and the second liquid crystal element 32 is brought into conduction, so that
the charge is distributed. For the purpose, SW1 is in an off state; SW2 is in an off
sfate; SW3 is in an on state; and SW4 are in an off state in the timing chart illustrated in
FIG. 6E. Note that when the data voltage V- is applied to the first capacitor element 50
and the second liquid crystal element 32 in the period <P3>, the connection between the

first capacitor element 50 and the first liquid crystal element 31 is brought into

. conduction, and the charge is distributed in period <P4>. In that case, SW1 is in an off

state; SW2 is in an on state; SW3 is in an off state; and SW4 is in an off state.
[0123]
As illustrated in FIG. 6E, under the conducting state in the period <P4>, the

‘voltage applied to the first capacitor element 50 and the second liquid crystal element 32

(or the first liquid crystal element 31) becomes data voltage V' after the distribution,
and the voltage applied to the first liquid crystal element 31 (or the second liquid crystal
element 32) remains as the data voltage V,. Although it is preferable that the period
<P4> has nearly equal or the same length as one gate selection period, the period <P4>
rhay be longer than the period <P3> considering the time to finish transferring the

charge.
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[0124]
<Data Holding State>

The purpose of a period <P5> is that the voltage applied to each liquid crystal
element in the period <P4> is kept applied to the elements. In addition, it is preferable
that the connection between the second wiring 12 and the first wiring 11 is brought out
of conduction, similar to other periods. For the purpose, SW1 to SW4 are all in an off
state in the timing chart illustrated in FIG 6E. However, there are other states of each
switch for achieving the above purposes other than the state illustrated in FIG. 6E. For
example, as long as SW1, SW2, and SW4 are in an off state, SW3 may be either in an
on state or in an off state. Under such a state, the voltage which is applied to each
liquid crystal element in the period <P4> can be kept applied to each element, and the
connection between the first wiring 11 and the second wiring 12 is not brought into
conduction directly, so that the purpose of the period <P5> can be achieved. Note that
it is preferable that the period <P5> is longer than the period <P3>.

[0125]
<Control (2) of Circuit Example (1)>

Next, another example of the control timing of each switch in the circuit
example illustrated in FIG. 6A is described with reference to FIG 6F. Part of the
function (3) described in Embodiment Mode 1 can be realized by controlling each
switch according to the timing chart illustrated in FIG. 6F. A display format of the
timing chart illustrated in FIG. 6F is similar to the display format of the timing chart
illustrated in FIG. 6E.

[0126]

Here, the part of the function (3) is the function including a conducting state in
which only the first capacitor element 50 is selectively written. Note that since the
difference between conducting states of each switch in the control (1) of the circuit
example (1) and in the control (2) of the circuit example (1) is only the writing state and
the distribution state, detailed description of the other conducting states is omitted.
[0127]
<Writing State>

The purpose of the period <P3> after the reset state in the period <P1> and the
reset holding state in the period <P2> is that the data voltage V; is applied only to the
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first capacitor element 50. For the purpose, SW1 is in an on staté; SW2 is in an off
state; SW3 is in an off state; and SW4 is in an off state in the timing chart illustrated in
FIG 6F. The difference of the control (2) from the control (1) is that SW2 is in an off
state which is in an on state in the control (1) of the circuit example (1). Because of
this difference, the data voltage V; can be applied only to the first capacitor element 50.
Note that it is preferable that the period <P3> is nearly equal or the same length as one
gate selection period has.
[0128]
<Distribution State>

The purpose of a period <P4-1> is that the connection between the first
capacitor element 50 and the first liquid crystal element 31 is brought into conduction,
so that the charge is distributed. For the purpose, SW1 is in an off state; SW2 is in an

on state; SW3 is in an off state; and SW4 is in an off state in the timing chart illustrated

“in FIG. 6F. The purpose of a period <P4-2> is that the connection between the first

capacitor element 50 and the second liquid crystal element 32 is brought into
conduction, so that the charge is distributed. For the purpose, SW1 is in an off state;
SW2 is in an off state; SW3 is in an on state; and SW4 are in an off state in the timing
chart illustrated in FIG. 6F. Thus, charge is distributed to the first liquid crystal
element 31 and the second liquid crystal element 32 at the different timings with the
first capacitor element 50, so that as illustrated in FIG. 6F, the voltage applied to the first
liquid crystal elemeni 31 becomes data voltage V', and the voltage applied to the first
capacitor element 50 and the second liquid crystal element 32 becomes data voltage V,"
after the second distribution. Although it is preferable that the period <P4-1> and the
period <P4-2> each have nearly equal or the same length as one gate selection period,
each of the period <P4-1> and the period <P4-2> may be longer than the period <P3>
considering the time to finish transferring the charge.
[0129]

Note that the order of distribution may be reversed between the first liquid
crystal element 31 and the second liquid crystal element 32. In that case, the voltages
applied to the first liquid crystal element 31 and the second liquid crystal element 32

after the second distribution are reversed compared to those in the above example.
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[0130]
<Other Examples of Circuit Example (1)>

Here, other circuit examples which can perform control similar to the above
described circuit example (1) are described. In the circuit example (1) illustrated in
FIG. 6A, the portion which includes the fourth switch SW4 and the first wiring 11 which
is electrically connected to one- electrode of the fourth switch SW4 is referred to as a
reset circuit 90. In order that the first circuit 10 can be brought into the reset state, the
reset circuit 90 may be electrically connected to any one of internal electrodes (typically,
the capacitor electrode, the first pixel electrode, and the second pixel electrode) of the
first circuit. In other words, a éircuit illustrated in FIG. 6A is an example that the reset
circuit 90 and the capacitor electrode are electrically connected. A circuit illustrated in
FIG. 6B is an example that the reset circuit 90 and the first pixel electrode are
electrically connected. A circuit illustrated in FIG. 6C is an example that the reset
circuit 90 and the second pixel electrode are electrically connected. Note that since the
control of the circuits illustrated in FIGS. 6B and 6C can be the same as that of
illustrated in FIG. 6A which has already been described, detailed description is omitted.
[0131]

A circuit illustrated in FIG. 6D is the example that the reset circuit 90 is omitted
from the circuits illustrated in FIGS. 6A to 6C. In the circuit illustrated in FIG. 6D, the

voltage supplied to the second wiring 12 is the data voltage V- in the period <P3> and

_ the reset voltage V; in the period <P1>. In addition, the first switch SW1 is set to be in

an on state in the period <P1>, so that a reset state is realized. On the other hand, the
control similar to the above description is performed in the other periods, so that a
writing state is realized. As thus described, the function similar to those of the circuits
illustrated in FIGS. 6A to 6C can be realized by using the second wiriﬁg 12 and the first
switch SW1 for reset, without using the reset circuit 90.

[0132]

Note that the timing charts illustrated in FIGS. 6E and 6F are just examples,
and there are other control methods which can achieve the purpose. Although other
control methods of the circuit illustrated in FIG. 6A are described in detail, description
of the circuits illustrated in FIGS. 6B to 6D is omitted. The conducting state of each

switch of each circuit in other control methods may be determined the following
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thought described in the control method of the circuit illustrated in FIG. 6A.
[0133]
<Circuit Example (2)>

As the circuit example (2), FIGS. 7A to 7D illustrate circuits which can realize
the function (2) of the first circuit 10 described in Embodiment Mode 1.

[0134]

First, a circuit example illustrated in FIG 7A is described. The circuit
example illustrated in FIG. 7A includes the first switch (SW1), the second switch (SW2),
the third switch (SW3), the fourth switch (SW4), the first capacitor element 50, the
second capacitor element 51, the third capacitor element 52, the first liquid crystal
element 31, the second liquid crystal element 32, the first wiring 11, the second wiring
12, the third wiring 13, the fourth wiring 21, the fifth wiring 22, the sixth wiring 71, and
the seventh wiring 72.

[0135]

One electrode of the first capacitor element 50 is electrically connected to the
third wiring 13. Here, an electrode of the first capacitor element 50 which is different
from the electrode which is electrically connected to the third wiring 13 is referred to as
a capacitor electrode. This is similar to the circuit example (1).

[0136]

One electrode of the first liquid crystal element 31 is electrically connected to
the fourth wiring 21. Here, an electrode of the first liquid crystal element 31 which is
different from the electrode which is electrically connected to the fourth wiring 21 is
referred to as a first pixel electrode. This is similar to the circuit exaxhple (1).

[0137]

One electrode of the second liquid crystal element 32 is electrically connected
to the fifth wiring 22. Here, an electrode of the second liquid crystal element 32 which
is different from the electrode which is electrically connected to the fifth wiring 22 is
referred to as a second pixel electrode. This is similar to the circuit example (1).
[0138]

One electrode of the first switch SW1 is electrically connected to the second
wiring 12, and the other electrode of the first switch SW1 is electrically connected to the

second pixel electrode. One electrode of the second switch SW2 is electrically
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connected to the second pixel electrode, and the other electrode of the second switch
SW2 is electrically connected to the first pixel electrode. One electrode of the third
switch SW3 is electrically connected to the capacitor electrode, and the other electrode
of the third switch SW3 is electrically connected to the second pixel electrode. One
electrode of the fourth switch SW4 is electrically connected to the second pixel
electrode, and the other electrode of the fourth switch SW4 is electrically connected to
the first wiring 11.

[0139]

One electrode of the second capacitor element 51 is electrically connected to
the first pixel electrode, and the other electrode of the second capacitor element 51 is
electrically connected to the sixth wiring 71. One electrode of the third capacitor
element 52 is electrically connected to the second pixel electrode, and the other
electrode of the third capacitor element 52 is electrically connected to the seventh
wiring 72.

[0140]
<Control of Circuit Example (2)>

Next, the control timing of each switch in the circuit example illustrated in FIG.
7A is described with reference to FIG 7E. The function (2) described in Embodiment
Mode 1 can be realized by controlling each switch according to the timing chart
illustrated in FIG 7E. Although control timing of each switch of the timing chart
illustrated in FIG 7E is similar to that of FIG. 6E, the voltage values which are applied
to the first capacitor element 50, the first liquid crystal element 31, and the second
liquid crystal element 32 which are illustrated in lower part of FIG. 7E is different from
those illustrated in FIG. 6E.

[0141]

Note that description of the common portion with the circuit example (1) is
omitted.
[0142]
<Reset State>

First, the first circuit 10 is brought into a reset state in order to prevent the
voltage written to a pixel in previous frame from exerting influence on the voltage

written to a subsequeﬁt frame. A period <P1> indicates this state. The purpose of the
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period <P1> is that a reset voltage V; is applied to the first capacitor element 50, the
first liquid crystal element 31, and the second liquid crystal element 32. On the other
hand, it is preferable that the connection between the second wiring 12 to which the data
voltage V> is applied and the first wiring 11 to which the reset voltage V; is applied is
brought out of conduction. This is because the connection between the first wiring 11
and. the second wiring 12 which have voltage difference is brought into conduction
directly, whereby a large amount of current flows and power consumption increases.
For the above reasons, in the period <P1>, the first switch SW1 is in an off state; the
seéond- switch SW2 is in an on state; the third switch SW3 is in an on state; and the
fourth switch SW4 is in an on state. Although it is preferable that the period <P1> is
nearly equal or the same length as one gate selection period, the period <P1> may be
longer than one gate selection period considering the time to finish transferring the
charge.
[0143]
<Reset Holding State>

The purpose of a period <P2> is that the reset voltage V; is kept applied to the
first liquid crystal element 31 and the second liquid crystal element 32. In addition, it
is preferable that the connection between the second wiring 12 and the first wiring 11 is
brought out of conduction, similar to the period <P1>. For the purpose, SW1 to SW4
are all in an off state in the timing chart illustrated in FIG. 7E. However, there are
other states of each switch for achieving the above purpose other than the state
illustrated in FIG. 7E. In dther words, the purpose of the period <P2> can be achieved
as long as the reset voltage V is kept applied to the first liquid crystal element 31 and
the second liquid crystal element 32; therefore, SW1 may be in an off state, and SW2 to
SW4 may be in an on state, similar to the period <P1>, for example. In a more general
sense, as long as SW1 is in an off state, each of SW2 fo SW4 may be either in an on
state or in an off state. Under sﬁch a state, the reset voltage V; can be kept applied to
the first liquid crystal element 31 and the second liquid crystal element 32, and the
connection between the first wiring 11 and the second wiring 12 is not brought into
conduction directly, so that the purpose of the period <P2> can be achieved.
[0144]

Note that display device displays black in the period <P2>. Thus, image
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quality of moving image display is improved more as the period <P2> becomes lohger.

On the other hand, flicker of display can be reduced as the length of the period <P2>

- becomes shorter. Note that it is preferable that the period <P2> is longer than the

period<P1>.
[0145]
<Writing State>

‘The purpose of the period <P3> is that while the data voltage V; is applied to
the first liquid crystal element 31 and the second liquid crystal element 32, the reset
voltage V is kept applied to the first capacitor element 50. For the purpose, SW1 is in
an on state; SW2 is in an on state; SW3 is in an off state; and SW4 is in an off state in
the timing chart illustrated in FIG. 7E. Note that it is preferable that the period <P3>
has nearly equal or the same length as one gate selection period has.
[0146]
<Distribution State>

The purpose of the period <P4> is that the connection between the first
capacitor element 50 and the second liquid crystal element 32 is brought into
conduction, so that the charge is distributed. For the purpose, SW1 is in an off state;
SW2 is in an off state; SW3 is in an on state; and SW4 is in an off state in the timing
chart illustrated in FIG. 7E.
[0147] ]

As illustrated in FIG. 7E, under the conducting state in the period <P4>, the
voltage applied to the first capacitor element 50 and the second liquid crystal element 32
(or the first liquid crystal element 31) becomes data voltage V,' after the distribution,
and the voltage applied to the first liquid crystal element 31 (or the second liquid crystal
element 32) remains as the data voltage V,. Although it is preferable that the period
<P4> has nearly equal or the same length as one gate selection period, the period <P4>
may be longer than the period <P3> considering the time to finish transferring the
charge.
[0148]
<Data Holding State>

The purpose of a period <P5> is that the voltage applied to each liquid crystal
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clement in the period <P4>is kept applied to the elements: In addition, it is preferable

that the connection between the second wiring 12 and the first wiring 11 is brought out

 of conduction, similar to other periods. | For the purpose, SW1 to SW4 are all in an off

state in the timing chart illustrated in FIG. 7E. However, there are other states of each
switch for achieving the above purposes other than the state illustrated in FIG. 7E. For
example, as long as SW1, SW2, and SW4 are in an off state, SW3 may be either in an
on state or in an off state. Under such a state, the voltage which is applied to each
liquid crystal element in the period <P4> can be kept applied to each element, and the
connection between the first wiring 11 and the second wiring 12 is not brought into
conduction directly, so that the purpose of the period <P5> can be achieved. Note that
it is preferable that the period <P5> is longer than the period <P3>.

[0149]

Note that in FIG. 7A, the second switch SW2 is provided between the first
liquid crystal element 31 and the first switch SW1; however, the second switch SW2
may be provided between the second liquid crystal element 32 and the first switch SW1.
Specifically, each electrode which is included in the first switch SW1, the third switch
SW3 and the fourth switch SW4 and which is electrically connected to the second pixel
electrode in FIG 7A may be electrically connected to the first pixel electrode, not to the
second pixel electrode. In that case, the voltages applied to the first liquid crystal
element 31 and the second liquid crystal element 32 after the distribution are reversed
compared to the above example. Note that the voltages applied to the first liquid
crystal element 31 and the second liquid crystal element 32 after the distribution are
changed each other by changing the arrangement of the second switch SW2, and this
can be applied to the other circuits (for example circuits illustrated in FIGS. 7B, 7C, and
7D).

[0150]
<Other Examples of Circuit Example (2)>

Here, other circuit examples which can perform control similar to the above
described circuit example (2) are described. In the circuit example (2) illustrated in
FIG. 7A, the portion which includes the fourth switch SW4 and the first wiring 11 which
is electrically connected to one electrode of the fourth switch SW4 is referred to as the

reset circuit 90 as in the circuit example (1). In order that the first circuit 10 can be
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brought into the reset state, the reset circuit 90 may be electrically connected to any one

of internal electrodes (typically, the capacitor electrode, the first pixel electrode, and the

- second pixel electrode) of the first circuit. In other words, a circuit illustrated in FIG.

7A is an example that the reset circuit 90 and the capacitor electrode are electrically
connected. A ciréuit illustrated in FIG 7B is an example that the reset circuit 90 and
the first pixel electrode are electrically connected. A circuit illustrated in FIG. 7C is an
example that the reset circuit 90 and the second piqu electrode are electrically
connected. Note that since the control of the circuits illustrated in FIGS. 7B and 7C
can be the same as that of illustrated in FIG 7A which has already described, detailed
description is omitted.

[0151]

A circuit illustrated in FIG. 7D is the example that the reset circuit 90 is omitted
from the circuits illustrated in FIGS. 7Ato 7C. In the circuit illustrated in FIG. 7D, the
reset state is realized by using the second wiring 12 and the first switch SW1 without
using the reset circuit 90. That is, in the circuit illustrated in FIG. 7D, the voltage
supplied to the second wiring 12 is the data voltage V; in the period <P3> and the reset
voltage V; in the period <P1>. In addition, the first switch SW1 comes to be in an on
state in the period <P1>, so that the reset state is realized. On the other hand, the
control similar to the above description is performed in the other periods, so that a
writing state is realized. As thus described, thé function similar to those of the circuits
illustrated in FIGS. 7A to 7C can be realized by using the second wiring 12 and the first
switch SW1 for reset, without using the reset circuit 90.

[0152]
<Circuit Example (3)>

Next, as the circuit example (3), FIGS. 8A to 8D illustrate circuits which can
realize the function (1) and part of the function (3) of the first circuit 10 which are
described in Embodiment Mode 1. The part of the function (3) of the circuit example
(3) is the function including a conducting state that the data voltage is selectively
written only to the first liquid crystal element 31. Note that, here, only the function
including a conducting state that the data voltage is selectively written only to the first
liquid crystal element 31 is described out of the above described function (3).

However, it is clear that if the arrangement of the first liquid crystal element 31 and the
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second liquid crystal element 32 illustrated in FIGS. 8A to 8D are exchanged, the
function including a conducting state that the data voltage is selectively written only to
the second liquid crystal element 32 can be realized in the above described function (3).
[0153]

First, a circuit example illustrated in FIG. 8A is described. The circuit
example illustrated in FIG. 8A includes the first switch (SW1), the second switch (SW2),
the third switch (SW3), the fourth switch (SW4), the first capacitor element 50, the
second capacitor element 51, the third capacitor element 52, the first liquid crystal
element 31, the second liquid crystal element 32, the first wiring 11, the second wiring

12, the third wiring 13, the fourth wiring 21, the fifth wiring 22, the sixth wiring 71, and

‘the seventh wiring 72.

[0154]

One electrode of the first capacitor element 50 is electrically connected to the
third wiring 13. Here, an electrode of the first capacitor element 50 which is different
from the electrode which is electrically connected to the third wiring 13 is referred to as
a capacitor electrode. This is similar to the circuit examples (1) and (2).

[0155]

One electrode of the first liquid crystal element 31 is electrically connected to
the fourth wiring 21. Here, an electrode of the first liquid crystal element 31 which is -
different from the electrode which is electrically connected to the fourth wiring 21 is
referred to as a first pixel electrode. This is similar to the circuit examples (1) and (2).
[0156]

One electrode of the second liquid crystal element 32 is electrically connected
to the fifth wiring 22. Here, an electrode of the second liquid crystal element 32 which
is different from the electrode which is electrically connected to the fifth wiring 22 is
referred to as a second pixel electrode. This is similar to the circuit examples (1) and
(2).

[0157]

One electrode of the first switch SW1 is electrically connected to the second
wiring 12, and the other electrode of the first switch SW1 is electrically connected to the
first pixel electrode. One electrode of the second switch SW2 is electrically connected

to the first pixel electrode, and the other electrode of the second switch SW2 is
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electrically connected to the capacitor electrode. One electrode of the third switch
SW3 is electrically connected to the capacitor electrode, and the other electrode of the
third switch SW3 is electrically connected to the second pixel electrode. One electrode
of the fourth switch SW4 is electrically connected to the capacitor electrode, and the
other electrode of the fourth switch SW4 is electrically connected to the first wiring 11.
[0158] '

One electrode of the second capacitor element 51 is electrically connected to
the first pixel electrode, and the other electrode of the second capacitor element 51 is
electrically connected to the sixth wiring 71. One electrode of the third capacitdr
element 52 is electrically connected to the second pixel electrode, and the other
electrode of the third capacitor element 52 is electrically connected to the seventh
wiring 72.
[0159]
<Control (1) of Circuit Example (3)>

Similar to the above mentionéd control (1) -of the circuit example (1), the
function (1) described in Embodiment Mode 1 can be realized by controlling each
switch included in the circuit example (3) in accordance with the timing chart illustrated
in FIG. 8E. The control method is referred to as control (1) of the circuit example (3).
Since the control (1) of the circuit example (1) has been already described, a detailed
description of the control (1) of the circuit example (3) is omitted. Briefly, the
function (1) described in Embodiment Mode 1 can be realized through each state in the
following order: a reset state in which only SW1 is in an off state, a reset holding state
in which all switches are in an off state (or the same as the reset state), a writing state in
which SW3 and SW4 are in an off state, a distribution state in which only SW3 is in an
on state, and a data holding state in which all switches are in an off state (or the same as
the distribution state). Note that control timing of each switch of the timing chart
illustrated in FIG. 8E is similar to that of FIG. 6E, and the voltage values which are
applied to the first capacitor element 50, the first liquid crystal element 31, and the
second liquid crystal element 32 which are illustrated in lower part of FIG. 8E are
similar to those of illustrated in FIG. 6E.
[0160]
<Control (2) of Circuit Example (3)>
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Furthermore, similar to the above mentioned control (2) of the circuit example
(1), part of the function (3) described in Embodiment Mode 1 can be realized by
controlling each switch included in the circuit example (3) in accordance with the
timing chart illustrated in FIG. 8F. This control method is referred to as control (2) of
the circuit example (3). Since the control (2) of the circuit example (1) has been
already described, a detailed description of the control (2) of the circuit example (3) is
omitted. Briefly, the function (3) described in Embodiment Mode 1 can be realized
through each state in the order as follows: a reset state in which only SW1 is in an off
state, a reset holding state in which all switches are in an off state (or the same as the
reset state), a writing state in which only SW1 is in an on state, a distribution state (1) in
which only SW2 is in an on state, a distribution state (2) in which only SW3 is in an on
state, and a data holding state in which all switches are in an off state (or the same as the
distribution state(2)). Note that control timing of each switch of the timing chart
illustrated in FIG. 8F is similar to that of FIG. 6F, the voltage values which are applied
to the first capacitor element 50, the first liquid crystal element 31, and the second
liquid crystal element 32 which are illustrated in lower part of FIG. 8F are different from
those of illustrated in FIG. 6F.
[0161]
<Other Examples of Circuit Example (3)>

Here, other circuit examples which can perform control similar to the above
described circuit example (3) are described. In the circuit example (3) illustrated in
FIG. 8A, the portion which includes the fourth switch SW4 and the first wiring 11 which
is electrically connected to one electrode of the fourth switch SW4 is referred to as the
reset circuit 90 as in the circuit example (1) or the circuit example (2). In order that
the first circuit 10 can be brought into the reset state, the reset circuit 90 may be
electrically connected to any one of internal electrodes (typically, the capacitor electrode,
the first pixel electrode, and the second pixel electrode) of the first circuit. In other
words, a circuit illustrated in FIG. 8A is an example that the reset circuit 90 and the
capacitor electrode are electrically connected. A circuit illustrated in FIG. 8B is an
example that the reset circuit 90 and the first pixel electrode are electrically connected.
A circuit illustrated in FIG. 8C is an example that the reset circuit 90 and the second

pixel electrode are electrically connected. Note that since the control of the circuits
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illustrated in FIGS. 8B and 8C can be the same as that of illustrated in FIG. 8A which
has already described, detailed description is omitted.
[0162]

A circuit illustrated in FIG. 8D is the example that the reset circuit 90 is omitted
from the circuits illustrated in FIGS. 8A to 8C. In the circuit illustrated in FIG. 8D, the
reset state is realized by using the second wiring 12 and the first switch SW1 without
using the reset circuit 90. That is, in the circuit illustrated in FIG. 8D, the voltage
supplied to the second wiring 12 is the data voltage V; in the period <P3> and the reset
voltage V; in the period <P1>. In addition, the first switch SW1 comes to be in an on
state in the period <P1>, so that the reset state is realized. On the other hand, the
control similar to the above description is performed in the other periods, so that a
writing state is realized. As thus described, the function similar to those of the circuits
illustrated in FIGS. 8A to 8C can be realized by using the second wiring 12 and the first
switch SW1 for reset, without using the reset circuit 90.

[0163]
<Circuit Example (4)>

Next, as the circuit example (4), FIG. 9A illustrates a circuit which can realize
the function (1), function (2), and function (3) of the first circuit 10 which are in
described in Embodiment Mode 1. A feature of the circuit example (4) is that by
making the number of switches have redundancy, various functions can be realized by
control of switches without changing the circuit structure.

[0164]

The circuit example illustrated in FIG. 9A includes the first switch (SW1), a
second switch (SW2-1), the third switch (SW3), the fourth switch (SW4), a fifth switch
(SW2-2), the first capacitor element 50, the second capacitor element 51, the third
capacitor element 52, the first liquid crystal element 31, the second liquid crystal
element 32, the first wiring 11, the second wiring 12, the third wiring 13, the fourth
wiring 21, the fifth wiring 22, the sixth wiring 71, and the seventh wiring 72.

[0165].

One electrode of the first capacitor element 50 is electrically connected to the

third wiring 13. Here, an electrode of the first capacitor element 50 which is different

from the electrode which is electrically connected to the third wiring 13 is referred to as
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a capacitor electrode. This is similar to the circuit examples (1), (2), and (3).
[0166]

One electrode of the first liquid crystal element 31 is electrically connected to
the fourth wiring 21. Here, an electrode of the first liquid crystal element 31 which is
different from the electrode which is electrically connected to the fourth wiring 21 is
referred to as a first pixel electrode. This is similar to the circuit examples (1), (2), and
3).

[0167]

One electrode of the second liquid crystal element 32 is electrically connected
to the fifth wiring 22. Here, an electrode of the second liquid crystal element 32 which
is different from the electrode which is electrically connected to the fifth wiring 22 is
referred to as a second pixel electrode. This is similar to the circuit examples (1), (2), A
and (3).

[0168]

Furthermore, clectrical connections of each element of the circuit example
illustrated in FIG 9A is described below, assuming that an internal electrode P is
provided in the circuit example (4) in addition to the above mentioned elements.

[0169]

One electrode of the first switch SW1 is electrically connected to the second
wiring 12, and the other electrode of the first switch SW1 is electrically connected to the
internal electrode P. One electrode of the second switch SW2-1 is electrically
connected to the internal electrode P, and the other electrode of the second switch
SW2-1 is electrically connected to the first pixel electrode. One electrode of the third
switch SW3 is electrically connected to the internal electrode P, and the other electrode
of the third switch SW3 is electrically connected to the capacitor electrode. One
electrode of the fourth switch SW4 is electrically connected to the internal electrode P,
and the other electrode of the fourth switch SW4 is electrically connected to the first
wiring 11. One electrode of the fifth switch. SW2-2 is electrically connected to the
internal electrode P, and the other electrode of the fifth switch SW2-2 is electrically
connected to the second pixel electrode.

[0170]

One electrode of the second capacitor element 51 is electrically connected to
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the first pixel electrode, and the other electrode of the second capacitor element 51 is
electrically connected to the sixth wiring 71. One electrode of the third capacitor
element 52 is electrically connected to the second pixel electrode, and the other
electrode of the third capacitor element 52 is electrically connected to the seventh
wiring 72.

[0171]

In the ciréuit example (4) illustrated in FIG. 9A, the functions (1), (2), and (3)
included in the above described first circuit 10 can be realized by each switch controlled
adequately. As thus described, the methods for controlling each switch in order to
realize various functions are described with reference to FIGS. 10A to 10D.

[0172]

Note that in FIGS. 10A to 10D, the state of each switch is illustrated with “ON”
or “OFF” in respective conducting states (a reset state, a reset holding state, a writing
state, a distribution state, and a data holding state). The reset state, the reset holding
state, and the data holding state out of these conducting states are the same in FIGS.
10A to 10D. In other words, in the reset state, only SW1 is in an off state, and the
other are in an on state. In the reset holding state, all switches are in an off state (or
same as the reset state). In the data holding state, all switches are in an off state (or
same as the distribution state). Detailed description of them is omitted because the
description has been already made. Here, thie state of each switch in a writing state and
a distribution state is described.

[0173]

Note that as for all controlling methods for illustrated in FIGS. 10A to 10D, the
methods for controlling the second switch (SW2-1) and the fifth switch (SW2-2) are
interchangeable. In other words, even if SW2 - 1 is controlled by the control method
as the case of SW2-2, and if SW2-2 is controlled by the control method as the case of
SW2-1, it is clear that only the roles of the first sub-pixel and the second sub-pixel are
exchanged as the result of that, and the essential operation is not changed.

[0174]
<Control (1) of Circuit Example (4)>
The case where each switch is controlled as illustrated in FIG. 10A is described

as the control (1) of the circuit example (4). The control method illustrated in FIG.
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10A is a control method when the function (1) which is realized by the circuit example
(1) or (3) is realized by the circuit example (4). The control method illustrated in FIG.

10A is as follows: first, after a reset state and a reset holding state, in the writing state,

- SW1 is in an on state; SW2-1 is in an on state; SW2-2 is in an off state; SW3 is in an on

state; and SW4 is in an off state. Thus, the data voltage V; can be written in the first
capacitor element 50 and the first liquid crystal element 31, and the reset voltage V; can
be kept applied to the second liquid crystal element 32. In a distribution state which is
after the writing state, SW1 is in an off state; SW2-1 is in an off state; SW2-2 is in an on
state; SW3 is in an on state; and SW4 is in an off state. Thus, charge can be distributed
in the first capacitor element 50 and the second liquid crystal element 32. Then, after
the distribution state, a data holding state is obtained according to the above described
method.
[0175]
<Control (2) of Circuit Example (4)>

The case where each switch is controlled as illustrated in FIG 10B is described
as the control (2) of the circuit example (4). The control method illustrated in FIG.
10B is a control method when the function (2) which is realized by the circuit example
(2) is realized by the circuit example (4). The control method illustrated in FIG. 10B is
as follows: first, after a reset state and a reset holding state, in a writing state, SW1 is in
an on state; SW2-1 is in an on state; SW2-2 is in an on state; SW3 is in an off state; and
SW4 is in an off state. Thus, the data voltage V, can be written in the first liquid
crystal element 31 and the second liquid crystal element 32, and the reset voltage V; can
be kept applied to the first capacitor element 50. In a distribution state which is after
the writing state, SW1 is in an off state; SW2-1 is in an off state; SW2-2 is in an on
state; SW3 is in an on state; and SW4 is in an off state. Thus, charge can be distributed
in the first capacitor element 50 and the second liquid crystal element 32. Then, after
the distribution state, a data holding state is obtained according to the above described
method.
[0176]
<Control (3) of Circuit Example (4)>

The case where each switch is controlled as illustrated in FIG. 10C is described

as the control (3) of the circuit example (4). The control method illustrated in FIG.
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10C is a control method when part of the function (3) which is realized by the circuit
example (3) is realized by the circuit example (4). The control method illustrated in
FIG. 10C is as follows: first, after a reset state or a reset holding state, in a writing state,
SW1 is in an on state; SW2-1 is in an on state; SW2-2 is in an off state; SW3 is in an off
state; and SW4 is in an off state. Thus, the data voltage V; can be written in the first
liquid crystal element 31, and the reset voltage V; can be kept applied to the first
capacitor element 50 and the second liquid crystal element 32. In a distribution state
(1) which is after the Writing state, SW1 is in an off state; SW2-1 is in an on state;
SW2-2 is in an off state; SW3 is in an on state; and SW4 is in an off state. Thus,
charge can be distributed in the first capacitor element 50 and the first liquid crystal
element 31. Then, in a distribution state (2), SW1 is in an off state; SW2-1 is in an off
state; SW2-2 is in an on state; SW3 is in an on state; and SW4 is in an off state. Thus,
charge can be distributed in the first capacitor element 50 and the second liquid crystal
element 32. Then, after the distribution states, a data holding state is obtained
according to the above described method. |
[0177]
<Control (4) of Circuit Example (4)>

The case where each switch is controlled as illustrated in FIG. 10D is described
as the control (4) of the circuit example (4). The control method illustrated in FIG.
10D is a control method when part of the function (3) which is realized by the circuit
example (1) is realized by the circuit example (4). The control method illustrated in
FIG. 10D is as follows: first, after a reset state and a reset holding state, in a writing
state, SW1 is in an on state; SW2-1 is in an off state; SW2-2 is in an off state; SW3 is in
an on state; and SW4 is in an off state. Thus, the data voltage V; can be written in the
first capacitor element 50, and the reset voltage V; can be kept applied to the first liquid
crystal element 31 and the second liquid crystal element 32. In a distribution state (1)
which is after the writing state, SW1 is in an off state; SW2-1 is in an on state; SW2-2 is
in an off state; SW3 is in an on state; and SW4 is in an off state. Thus, charge can be
distributed in the first capacitor element 50 and the first liquid crystal element 31.
Then, in a distribution state (2), SW1 is in an off state; SW2-1 is in an off state; SW2-2
is in an on state; SW3 is in an on state; and SW4 is in an off state. Thus, charge can bé

distributed in the first capacitor element 50 and the second liquid crystal element 32.
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Then, after the distribution states, a data holding state is obtained according to the above
described method.
[0178]
<Selection of Control Method of Circuit Example (4)>

In this manner, in the circuit example (4) illustrated in FIG. 9A, the data voltage
V2 can be written in each element (the first capacitor element 50, the first liquid crystal
element 31, and the second liquid crystal element 32) separately, and further,
distribution of charge can be performed with all combinations. Asa result, the above

described functions (1), (2), and (3) can be realized only by using the circuit example

(4). Therefore, the circuit example (4) illustrated in FIG. 9A can be used in order to

switch the above described functions depending on the condition.
[0179] |

An advantage in the éase where each switch is controlled as illustrated in FIG.
10A (function (1)) is described. At that time, in a writing state and a data holding state,
the data voltage V, is kept applied to the fﬁst liquid crystal element 31 and held. This
means that display by the first liquid crystal element 31 is not influenced by variations
of capacitance of each element. Therefore, there is an advantage that display can be
uniform. Note that when the function (1) is realized by the circuit example (1)
illustrated in FIGS. 6A to 6D, and when the function (1) is realized by the circuit
example (3) illustrated in FIGS. 8A to 8D, there are the same advantages.
[0180]

Next, an advantage in the case where each switch is controlled as illustrated in
FIG. 10B (function (2)) is described. At this time, the data voltage V; is applied to the
first liquid crystal element 31 and the second liquid crystal element 32 in a writing state,
the voltage V' and the voltage V"' are applied to the first liquid crystal element 31 and
the second liquid crystal element 32 in a data holding state. Here, when characteristics
of a liquid crystal element is normally black, it is found that overdrive for increasing the
response speed of the liquid crystal element is employed because V'’ < V,' < V; is
satisfied. Usually, a conversion process of image data by using look-up table (LUT) or
the like is needed in order to perform overdrive, and therefore, the manufacturing cost

and power consumption increase. However, in the driving by the function (2), the data
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voltage V,, and the voltage V,' and the voltage V,"" which are after the distribution are

adequately set, so that overdrive can be performed without a conversion process of
image data. As the result, the response speed of the liquid crystal element can be
increased, and image quality of moving image display is improved without increasing
the manufacturing cost and the power consumption. Note that when the function (2) is
realized by the circuit example (2) illustrated. in FIGS. 7A to 7D, there is the same
advantage.
[0181]
218

Next, an advantage in the case where each switch is controlled as illustrated in
FIG. 10C or 10D (function (3)) is described. At this time, an element to which the data
voltage V; is written in a writing state is any one of the first capacitor element 50, the

first liquid crystal element 31, and the second liquid crystal element 32. Thus, since a

‘load at the time of writing is small, power consumption can be reduced. Note that

when the function (3) is realized by the circuit example (1) illustrated in FIGS. 6A to 6D,
and when the function (3) is realized by the circuit example (3) illustrated in FIGS. 8A
to 8D, there are the same advantages.

[0182]

By the circuit example (4) illustrated in FIG. 9A, functions which have such
advantages can be switched depending on the condition. For example, switching
functions can be performed as follows: in the condition (at the time of still image
display or the like) that uniform display is necessary in particular, display is performed
by the function (1); in the condition (at the time of moving image display or the like)
that increase in response speed of a liquid crystal element is necessary in particular,
display is performed by the function (2); in the condition-(at the time of driving
performed with a battery or the like) that reduction in power consumption is necessary
in particular, display is performed by the function (3); or the like.

[0183]

Note that as well as the above example, a structure in which while uniform
display is performed by the function (1), response speed of a liquid crystal element is
increased by performing overdrive in such a manner that iniage data is converted using
a LUT or the like.
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[0184]
<Other Examples of Circuit Example (4)>

Note that in the circuit example (4), a connection destination of the reset circuit
90 can be variously changed in a manner similar to the above mentioned circuit
examples (1) to (3). As the connection destination of the reset circuit 90, for example,
the first pixel electrode (FIG. 9B), the second pixel electrode (FIG. 9C), the capacitor
electrode (FIG. 9D), or the like can be given. Furthermore, the reset circuit 90 may be
omitted (FIG. 9E) in a manner similar to the above mentioned circuit examples (1) to
3). '

[0185]

Note that the first to seventh wirings included in the circuit examples (circuit
example (1), circuit example (2), circuit example (3) and circuit example (4)) of this
embodiment mode can be classified as follows according to the role. The first wiring
11 can have a function as a reset line to which reset voltage V; is applied. The second
wiring 12 can have a function as a data line to which the data voltage V; is applied.
The third wiring 13 can have a function as a common line for controlling voltage
applied to the first capacitor element 50. The fourth wiring 21 can have a function as a
liquid crystal common electrode for controlling voltage applied to the first liquid crystal
element 31. The fifth wiring 22 can have a function as a liquid crystal common
electrode for controlling voltage applied to the second liquid crystal element 32. The
sixth wiring 71 can have a function as a common line for controlling voltage applied to
the second capacitor element 51. The seventh wiring 72 can have a function as a
common line for controlling voltage applied to the third capacitor element 52.
However, each wiring can have various roles without being limited to this. The
wirings, in particular, for applying the same voltage can be common wirings which are
electrically connected to each other. Since an area of wiring in a circuit can be reduced
by sharing the wiring, aperture ratio can be improved, whereby power consumption can
be reduced.

[0186]

Note that, in this embodiment mode, the display element is described as a

liquid crystal element; however, another display element such as a self-light-emitting

element, an element utilizing light-emission of phosphor, an element utilizing reflection
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of external light, or the like can also be used. For example, as a display device using a
self-light-emitting element, an organic EL display, an inorganic EL display, or the like
can be given. For example, as a display device using an element utilizing
light-emission of phosphor, a display utilizing cathode-ray tube (CRT), a plasma display
panel (PDP), a field emission display (FED), or the like can be given. For example, as
a display device using an element utilizing reflection of external light, an electronic
paper or the like can be given.

[0187]

Although this embodiment mode is described with reference to various
drawings, the contents (or may be part of the contents) described in each drawing can be
freely applied to, combined with, or replaced with the contents (or may be part of the
contents) described in another drawing and the contents (or may be part of the contents)
described in a drawing in another embodiment mode. Further, in the above described
drawings, each part can be combined with another part or with another part of another
embodiment mode.

[0188]
(Embodiment Mode 3)

In this embodiment mode, various circuit examples described in Embodiment
Mode 2 are specifically described. In Embodiment Mode 2, conducting states and
timing charts of the plurality of switches included in the first circuit 10 are described.
In this embodiment mode, as switches shown in the various circuit examples described
in- Embodiment Mode 2, the case of using the transistors is described in detail with
reference to specific examples of circuit diagrams.

[0189]
<Specific Example (1) of Circuit Example (1)>

First, a specific example of the circuit example (1) in Embodiment Mode 2 is
described. A circuit illustrated in FIG. 11A is a specific example (1) of the circuit
example (1) illustrated in FIG 6A and includes a first transistor Tr1, a second transistor
Tr2, a third transistor Tr3, a fourth transistor Tr4, the first capacitor element 50, the
second capacitor element 51, the third capacitor element 52, the first liquid crystal
element 31, the second liquid crystal element 32, a first wiring 101, a second wiring 102,

a third wiring 103, a fourth wiring 104, a fifth wiring 105, a sixth wiring 106, a seventh
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wiring 107, an eighth wiring 108, a ninth wiring 109, and a tenth wiring 110.
[0190]

One electrode of the first capacitor element 50 is electrically connected to the
eighth wiring 108. Here, an electrode of the first capacitor element 50 which is
different from the electrode which is electrically connected to the eighth wiring 108 is
referred to as a capacitor electrode.

[0191] _

One electrode of the first liquid crystal element 31 is electrically connected to
the sixth wiring 106. Here, an electrode of the first liquid crystal element 31 which is
different from the electrode which is electrically connected to the sixth wiring 106 is
referred to as a first pixel electrode.

[0192]

One electrode of the second liquid crystal element 32 is electrically connected
to the sixth wiring 106. Here, an electrode of the second liquid crystal element 32
which is different from the electrode which is electrically connected to the sixth wiring
106 is referred to as a second pixel electrode.

[0193]

One electrode of a source electrode and a drain electrode of the first transistor

Trl is electrically connected to the fifth wiring 105. The other electrode of the source

electrode and the drain electrode of the first transistor Trl is electrically connected to

~ the capacitor electrode. A gate electrode of the first transistor Trl is electrically

connected to the first wiring 101.
[0194]

One electrode of a source electrode and a drain electrode of the second
transistor Tr2 is electrically connected to the capacitor electrode. The other electrode -
of the source electrode and the drain electrode of the second transistor Tr2 is electrically
connected to the first pixel electrode. A gate electrode of the second transistor Tr2 is
electrically connected to the second wiring 102.

[0195]

One electrode of a source electrode and a drain electrode of the third transistor

Tr3 is electrically connected to the capacitor electrode. The other electrode of the

source electrode and the drain electrode of the third transistor Tr3 is electrically
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connected to the second pixel electrode. A gate electrode of the third transistor Tr3 is
electrically connected to the third wiring 103. |
[0196]

One electrode of a source electrode and a drain electrode of the fourth
transistor Tr4 is electrically connected to the capacitor electrode. The other electrode
of the source electrode and the drain electrode of the fourth transistor Tr4 is electrically
connected to the seventh wiring 107. A gate electrode of the fourth transistor‘Tr4 is
electrically connected to the fourth wiring 104.

[0197]

One electrode of the second capacitor element 51 is electrically connected to
the first pixel electrode, and the other electrode of the second capacitor element 51 is
electrically connected to the ninth wiring 109. One electrode of the third capacitor
element 52 is electrically connected to the second pixel electrode, and the other
electrode of the third capacitor element 52 is eleétrically connected to the tenth wiring
110.

[0198]

Note that it is assumed that the size of a transistor is represented by (W/L)
which is ratio of the channel width W to channel length L of each transistor. A larger
transistor can be made to flow large amount of current in an on state (electric resistance
in an on state can be made small). Here, the size W/L of each transistor satisfies
preferably (the Trl or the Tr4 ) > (the Tr2 or the Tr3). This is because, in a reset state
or a writing state, larger amount of current flows in the Trl or the Tr4 than that in the
Tr2 or the Tr3. Thus, writing and reset can be performed quickly. In more detail, the
size of the Trl and the Tr4 satisfies preferably the Trl > the Tr4. This is because since
writing the voltage by the Trl is performed within one gate selection period, there is
less margin for time. As for the size of the Tr2 and the Tr3, it is preferable that the size
of electrodes included in a liquid crystal element or a capacitor element which are
electrically connected to the Tr2 and the Tr3, and that the size of the transistors is large.
The reason is that since an element having a large electrode has large capacitance,
writing, reset, distribution, or the like is necessarily performed by using larger amount

of current for such elements.
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[0199] _

Note that the circuits illustrated in FIG. 11A are placed side by side over a
substrate, so that a display portion is formed. The circuit illustrated in FIG. 11A is a
minirﬂum unit of a circuit which forms a display portion, and this is referred to as a
pixel or a pixel circuit.

[0200].

Note that the first to the tenth wirings included in the circuit illustrated in FIG
11A are shared by each of adjacent pixel circuit.
[0201]

Note that, as illustrated in FIG. 13D, the sixth wiring 106 and the seventh
wiring 107 may be electrically connected to each other. Moreover, similar to the
seventh wiring 107, each of the eighth wiring 108 to the tenth wiring 110 inay be
electrically connected to the sixth wiring 106.

[0202]

Note that the result that the first to the tenth wirings included in the circuit
illustrated in FIG. 11A are classified by the role is as follows. The first wiring 101 can
have a function as a first scan line for controlling the first transistor Trl. The second
wiring 102 can have a function as a second scan line for controlling the second
transistor Tr2. The third wiring 103 can have a function as a third scan line for
controlling the third transistor Tr3. The fourth wifing 104 can have a function as a
fourth scan line for controlling the fourth transistor Tr4. The fifth wiring 105 can have
a function as a data line for applying the data voltage. The sixth wiring 106 can have a
function as a liquid crystal common electrode for controlling voltage which is applied to
a liquid crystal element. The seventh wiring 107 can have a function as a reset line for
applying reset voltage. The eighth wiring 108 can have a function as a first capacitor
line for controlling voltage which is applied to the first capacitor element 50. The
ninth wiring 109 can have a function as a second capacitor line for controlling voltage
which is applied to the second capacitor element 51. The tenth wiring 110 can have a
function as a third capacitor line for controlling voltage which is applied to the third
capacitor element 52. However, each wiring can have various roles without being
limited to them. The wirings, in particular, for applying the same voltage can be

common wirings which are electrically connected to each other. Since an area of
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wiring in a circuit can be reduced by sharing the wiring, aperture ratio can be improved,

whereby power consumption can be reduced. More specifically, when a liquid crystal

- element having a structure in which a liquid crystal common electrode is provided on

-the transistor substrate side is used (an IPS mode, an FFS mode, or the like), the sixth
wiring 106, the seventh wiring 107, the eighth wiring 108, the ninth wiring 109, and
tenth wiring 110 can be electrically connected to each other.

[0203]

<Specific Example (2) of Circuit Example (1)>

Next, another specific example of the circuit example (1) in Embodiment Mode

- 2 is described. A circuit illustrated in FIG. 11B is a specific example (2) of the circuit

example (1) illustrated in FIG. 6A and includes the first transistor Trl, the second
transistor Tr2, the third transistor Tr3, the fourth transistor Tr4, the first capacitor
element 50, the second capacitor element 51, the third capacitor element 52, the first
liquid crystal element 31, the second liquid crystal element 32, the first wiring 101, the
second wiring 102, the third wiring 103, the fourth wiring 104, the fifth wiring 105, the
sixth wiring 106, the seventh wiring 107, the eighth wiring 108, and the ninth wiring
109. '
[0204]

The difference between the specific example (2) of the circuit example (1) and
the specific example (1) of the circuit example (1) is that the tenth wiring 110 which is
provided in the specific example (1) of the circuit example (1) is not provided in the
specific example (2) of the circuit example (1), and in accordance with that, the
electrical connection of the third capacitor element 52 differ from that of the specific
example (1) of the circuit example (1). In the specific example (2) of the circuit
example (1), one electrode of the third capacitor element 52 is electrically connected to
the second pixel electrode, and the other electrode of the third capacitor element 52 is
electrically connected to the ninth wiring 109. Other connections in the specific
example (2) of the circuit example (1) are similar to those in the specific example (1) of
the circuit example (1).

[0205]
As thus described, by redﬁction in the number of wirings, an area for wiring in

a display portion can be reduced, whereby aperture ratio can be improved and power
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consumption can be reduced. Note that when the number of wirings is large as in the
specific example (1) of the circuit example (1), there is an advantage that operation is
stable because voltage can be surely supplied to each element.
[0206]

Note that in the specific example (2) of the circuit example (1), an example is
given, in which electrical connection destinations of the second capacitor element 51
and the third capacitor element 52 are common; however, any combination can be
realized without being limited to the above example. For example, electrical
connections of the first capacitor element 50 and the third capacitor element 52 may be
common. Electrical connections of the fourth transistor Tr4 and the third capacitor
element 52 may be common. Electrical connections of the fourth transistor Tr4 and
the second capacitor element 51 may be common. Electrical connections of the fourth
transistor Tr4 and the first capacitor element 50 may be common.
[0207]
<Specific Example (3) of Circuit Example (1)>

Next, another specific example of the circuit example (1) in Embodiment Mode

2 is described. A circuit illustrated in FIG. 11C is a specific example (3) of the circuit

example (1) illustrated in FIG. 6A and includes the first transistor Trl, the second

transistor Tr2, the third transistor Tr3, the fourth transistor Tr4, the first capacitor
element 50, the second capacitor element 51, the third capacitor element 52, the first
liquid crystal element 31, the second liquid crystal element 32, the first wiring 101, the
second wiring 102, the third wiring 103, the fourth wiring 104, the fifth wiring 105, the
sixth wiring 106, the seventh wiring 107, and the eighth wiring 108.

[0208]

The difference between the specific example (3) of the circuit example (1) and
the specific example (2) of the circuit example (1) is that the ninth wiring 109 which is
provided in the specific example (2) of the circuit example (1) is not provided in the
specific example (3) of the circuit example (1), and in accordance with that, electrical
connections of the second capacitor element 51 and the third capacitor element 52 differ
from those in the specific example (2) of the circuit example (1). In the specific
example (3) of the circuit example (1), one electrode of the second capacitor element 51

is electrically connected to the first pixel electrode, and the other electrode of the second
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capacitor element 51 is electrically connected to the eighth wiring 108. One electrode
of the third capacitor element 52 is electrically connected to the secbnd pixel electrode,
“and the other electrode of the third capacitor element 52 is electrically connected to the
eighth wiring 108. Other connections in the specific example (3) of the circuit '
example (1) are similar to those in the specific example (2) of the circuit example (1).
[0209] .
- As thus described, by reduction in the number of wirings, an area for wiring in
a display portion can be réduced, whereby aperture ratio can be improved and power
consumption can be reduced. Note that when the number of wirings is large as in the
specific examples (1) and (2) of the circuit example (1), there is an advantage that
operation is stable because voltage can be surely supplied to each element.
[0210]

Note that in the specific example (3) of the circuit example (1), an example is
given, in which electrical connection destinations of the first capacitor element 50, the
second capacitor element 51, and the third capacitor element 52 are common; however,
any combination can be realized without being limited to the above example. For
example, electrical connections of the fourth transistor Tr4, the second capacitor
element 51, and the third capacitor element 52 may be common. Electrical
connections of the fourth transistor Tr4, the third capacitor element 52, and the first
capacitor element 50 may be common. Electrical connections of the fourth transistor
Tr4, the first capacitor element 50, and the second capacitor element 51 may be
common.

[0211]
<Specific Example (4) of Circuit Example (1)>

Next, another specific example of the circuit example (1) in Embodiment Mode
2 is described. A circuit illustrated in FIG. 11D is a specific example (4) of the circuit
example (1) illustrated in FIG. 6A and includes the first transistor Trl, the second
transistor Tr2, the third transistor Tr3, the fourth transistor Tr4, the first capacitor
element 50, the second capacitor element 51, the third capacitor element 52, the first
liquid crystal element 31, the second liquid crystal element 32, the first wiring 101, the
second wiring 102, the third wiring 103, the fourth wiring 104, the fifth wiring 105, the

sixth wiring 106, and the seventh wiring 107.



10

15

20

25

30

WO 2009/069674 71 PCT/JP2008/071484

[0212]

The difference between the specific example (4) of the circuit example (1) and
the specific example (3) of the circuit example (1) is that the eighth wiring 108 which is
provided in the specific example (3) of the circuit example (1) is not provided in the
specific example (4) of the circuit example (1), and in accordance with that, electrical
connections of the first capacitor element 50, the second capacitor element 51, and the

third capacitor element 52 differ from those in the specific example (3) of the circuit

~example (1). In the specific example (4) of the circuit example (1), one electrode of

the first capacitor element 50 is electrically connected to the capacitor electrode, and the
other electrode of the first capacitor element 50 is electrically connected to the seventh
wiring 107. One electrode of the second capacitor element 51 is electrically connected
to the first pixel electrode, and the other electrode of the second capacitor element 51 is
electrically connected to the seventh wiring 107. One electrode of the third capacitor
element 52 is electrically connected to the second pixel electrode, and the other
electrode of the third capacitor element 52 is electrically connected to the seventh
wiring 107.  Other connections in the specific example (4) of the circuit example (1)
are similar to those in the specific example (3) of the circuit example (1).
[0213]

As thus described, by reduction in the number of wirings, an area for wiring in |
a display portion can be reduced, whereby aperture ratio can be imr;fovcd and power
consumption can be reduced. Note that when the number of wirings is large as in the
specific examples (1) to (3) of the circuit example (1), there is an advantage that
operation is stable because voltage can be surely supplied to each element.
[0214]
' - Note that in the specific example (4) of the circuit example (1), since only one
wiring to which constant voltage is applied, a so-called power supply line (other than a
liquid crystal common electrode), is provided in a pixel circuit, it is particularly useful
pixel circuit because of excellent balance between stable operation and aperture ratio.
[0215]

Note that since the seventh wiring included in the specific example (4) of the
circuit example (1) is connected to a plurality of elements in common, it is also referred

to as a common power supply line, a common line, or the like.
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[0216]
<Specific Example (5) of Circuit Example (1)>

Next, another specific example of the circuit example (1) in Embodiment Mode
2 is described. A circuit illustrated in FIG. 12A is a specific example (5) of the circuit
example (1) illustrated in FIG. 6A and includes the first transistor Trl, the second
transistor Tr2, the third transistor Tr3, the fourth transistor Tr4, the first capacitor
element 50, the second capacitor element 51, the third capacitor element 52, the first
liquid crystal element 31, the second liquid crystal element 32, the first wiring 101, the
second wiring 102, the third wiring 103, the fourth wiring 104, the fifth wiring 105, and
the sixth wiring 106.

[0217]

A pixel structure of the specific example (5) of the circuit example (1) is that
no so-called power supply line (other than a liquid crystal common electrode) as shown
in the specific examples (1) to (4) of the circuit example (1) is provided. In this case,
an electrode which needs the constant voltage in a pixel circuit is electrically connected
to a scan line of an adjacent pixel, so that constant vbltage is supplied to the electrode.
In other words, a scan line of an adjacent pixel can be used as a power supply line.
[0218]

In the specific example (5) of the circuit example (1), one electrode of the first
capacitor element 50 included in a pixel which belongs to k-th row is electrically
connected to the capacitor electrode of the pixel, and the other electrode of the first
capacitor element 50 is electrically connected to the fourth wiring 104 included in a
pixel which belongs to (k-1)th row. One electrode of the second capacitor element 51
included in a pixel which belongs to k-th row is electrically connected to the first pixel
electrode of the pixel, and the other electrode of the second capacitor element 51 is
electrically connected to the fourth wiring 104 included in the pixel which belongs to
(k-1)th row. One electrode of the third capacitor element 52 included in the pixel
which belongs to k-th row is electrically connected to the second pixel electrode of the
pixel, and the other electrode of the third capacitor element 52 is clectricaily connected
to the fourth wiring 104 included in the pixel which belongé to (k-1)th row. One
electrode of a source electrode and a drain electrode of the fourth transistor Tr4 included

in the pixel which belongs to k-th row is electrically connected to the capacitor electrode
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of the pixel. The other electrode of the source electrode and the drain electrode of the
fourth transistor Tr4 is electrically connected to the fouﬁh wiring 104 included in the
pixel which belongs to (k-1)th row. A gate electrode of the fourth transistor Tr4 is
electrically connected to the fourth wiring 104 of the pixel. Other connections in the
specific example (5). of the circuit example (1) are similar to those in the specific
example (4) of the circuit example (1). Note that k is an integer more than or equal to
two and less than or equal to n (n is the number of rows of a display portion).

[0219] '

The scan line used as a power supply line is preferably included in subsequent

pixel which belongs to subsequent row selected at the timing before a row to which a
- pixel belongs (k-th row) is selected. Typically, as illustrated in the specific example

(5) of the circuit example (1),.the fourth scan line of the pixel which belongs to (k-1)th

row can be used as a power supply line. The reason for this is described Below with

reference to a timing chart illustrated in FIG. 12B.

[0220]

The timing chart illustrated in FIG. 12B illustrate the voltages applied to the
first wiring 101, the second wiring 102, the third wiring 103, and the fourth wiring 104
which belong to (k-1)th row, and the first wiring 101, the second wiring 102, the third
wiring 103, and the fourth wiring 104 which belong to k-th row along the time axis in
order to realize the above mentioned function (1).

[0221]

As illustrated in FIG. 12B, the conducting state of each switch appears at
different timing between the pixel which belong to (k-1)th row and the pixel which
belongs to k-th row. In the timing chart illustrated in FIG. 12B, the difference is one
gate selection period.

[0222]

As thus described, voltage which is applied to each scan line changes chr time,
and the period in which voltage changes is restricted. For example, when the number
of rows of a display portion is 480, one‘ gate selection period is only 1/480 of one frame
at most. In other words, a period in which voltage which is applied to a scan line is set

to be high-level is only 1/480 of all, and low level voltage is kept applied to the scan
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line for the rest period of 479/480. By such a difference of percentage, a scan line can
be used as a power supply line of low level.
[0223]

However, it is preferable to avoid changing the voltage of the scan line which is
used as a power supply line in a period in which a circuit perfdrms important operation
as much as possible, even if the percentage is small. Specifically, in the function (1), if
voltage of a scan line changes in periods of a reset state, a writing state, and a
distribution state, there is a possibility that reset,' writing, and distribution are not
performed correctly, so that it is preferable to avoid this. |
[0224]

It is found that a scan line which satisfies the condition that the voltage applied
is not at high level when the pixel which belongs to k-th row is in a reset state (period

<P1>), a writing state (period <P3>), and a distribution state (period <P4>) is the first

‘wiring 101, the second wiring 102, and the fourth wiring 104, out of the scan lines

which belong to (k-1)th row. Scan lines of which voltages change with less frequency
are the first wiring 101 and the fourth wiring 104. Moreover, a scan line which less
influence on display by the voltage change is the fourth wiring 104. This is because
the fourth wiring 104 of the pixel which belongs to (k-1)th row comes to high level
before the pixel which belongs to k-th row comes to in reset state. Thus, even if the
pixel which belongs to k-th row is influenced by the change of voltage, the reset state
which appears after that leads to display black color forcibly. |

[0225]

For such a reason, a fourth scan line of the pixel which belongs to (k-1)th row
is used as a power supply line in the circuit illustrated in FIG. 12A. However, another
scan line can be used as a power supply line. For example, the first scan line or the
second scan line of the pixel Which belongs to (k-1)th row can be used. Furthermore, a
scan line which belongs to a row that precedes (k-1)th row can be used as a power
supply line of the pixel which belongs to k-th row. In any case, any scan line can be
used as a power supply line as long as the scan line satisfies the above mentioned
condition.

[0226]

As thus described, by using a scan line as a power supply line, the number of
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wirings and an area for wiring in a display portion can be reduced, whereby aperture
ratio can be improved and power consumption can be reduced. '
[0227]
<Specific Example of Circuit Example (2)>

- Next, a specific example of the circuit example (2) in Embodiment Mode 2 is
described. A circuit illustrated in FIG. 13A is a specific example of the circuit example
(2) illustrated in FIG. 7A and includes the first transistor Tr1, the second transistor Tr2,
the third transistor Tr3, the fourth transistor Tr4, the first capacitof element 50, the
second capacitor element 51, the third capacitor element 52, the first liquid crystal
element 31, the second liquid crystal element 32, the first wiring 101, the second wiring
102, the third wiring 103, the fourth wiring 104, the fifth wiring 105, the sixth wiring
106, and the seventh wiring 107.
[0228]

One electrode of the first capacitor element 50 is electrically connected to the
seventh wiring 107. Here, an electrode of the first capacitor element 50 which is
different from the electrode which is electrically connected to the seventh wiring 107 is
referred to as a capacitor electrode.

[0229]

One electrode of the first liquid crystal element 31 is electrically connected to
the sixth wiring 106. Here, an electrode of the first liquid crystal element 31 which is
different from the electrode which is electrically conhectcd to the sixth wiring 106 is
referred to as a first pixel electrode.

[0230]

One electrode of the second liquid crystal element 32 is electrically connected
to the sixth wiring 106. Here, an electrode of the second liquid crystal element 32
which is different from the electrode which is electrically connected to the sixth wiring
106 is referred to as a second pixel electrode.

[0231]

One electrode of a source electrode and a drain electrode of the first transistor
Trl is electrically connected to the fifth wiring 105. The other electrode of the source
electrode and the drain electrode of the first transistor Trl is electrically connected to

the second pixel electrode. A gate electrode of the first transistor Trl is electrically
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connected to the first wiring 101.
[0232]

One electrode of a source electrode and a drain electrode of the second
transistof Tr2 is electrically connected to the second pixel electrode. The other
electrode of the source electrode and the drain electrode of the second transistor Tr2 is
electrically connected to the first pixel electrode. A gate electrode of the second
transistor Tr2 is electrically connected to the second wiring 102.

[0233]

One electrode of a source electrode and a drain electrode of the third transistor
Tr3 is electrically connected to the capacitor electrode. The other electrode of the
source electrode and the drain electrode of the third transistor Tr3 is electrically
connected to the second pixel electrode. A gate electrode of the third transistor Tr3 is
electrically connected to the third wiring 103.

[0234]

One electrode of a source electrode and a drain electrode of the fourth
transistor Tr4 is electrically connected to the second pixel electrode. The other
electrode of the source electrode and the drain electrode of the fourth transistor Tr4 is
electrically connected to the seventh wiring 107. A gate electrode of the fourth
transistor Tr4 is electrically connected to the fourth wiring 104.

[0235]

One electrode of the second capacitor element 51 is electrically connected to
the first pixel electrode, and the other electrode of the second capacitor element 51 is
electrically connected to the seventh wiring 107. One electrode of the third capacitor
element 52 is electrically connected to the second pixel electrode, and the other
electrode of the third capacitor element 52 is electrically connected to the seventh
wiring 107.

[0236]

- Here, the size W/L of each transistor satisfies preferably (the Tr1 or the Tr4 ) >
(the Tr2 or the Tr3). This is because, in a reset state or a writing state, larger amount of
current flows in the Trl or the Tr4 than that in the Tr2 or the Tr3. Thus, writing and

reset can be performed quickly. In more detail, the size of the Tr1 and the Tr4 satisfies
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preferably the Trl > the Tr4. This is because since writing the voltage by the Trl is
performed within one gate selection period, there is less margin for time. As for the
size of the Tr2 and the Ti3, it is preferable that the size of electrodes included in a liquid
crystal element or a capacitor element which are electrically connected to the Tr2 and
the Tr3, and that the size of the transistors is large. The reason is that since an element
having a large electrode has large capacitance, writing, reset, distribution, or the like is
necessarily performed by using larger amount of current for such elements.

[0237]

Note that the circuits illustrated in FIG. 13A are placed side by side over a
substrate, so that a display portion is formed. The circuit illustrated in FIG. 13Ais a
minimum unit of a circuit which forms a display portion, and this is referred to as a
pixel or a pixel circuit.

[0238]

Note that the first to the seventh wirings included in the circuit illustrated in
FIG. 13A are shared by each of adjacent pixel circuit.

[0239]

Note that, as illustrated in FIG. 13D, the sixth wiring 106 and the seventh
wiring 107 may be electrically connected to each other.
[0240]

Note that the result that the first to the seventh wirings included in the circuit
illustrated in FIG. 13A are classified by the role is as follows. The first wiring 101 can
have a function as a first scan line for controlling the first transistor Trl. The second
wiring 102 can have a function as a second scan line for controlling the second
transistor Tr2. The third wiring 103 can have a function as a third scan line for
controlling the third transistor Tr3. The fourth wiring 104 can have a function as a
fourth scan line for controlling the fourth transistor Tr4. The fifth wiring 105 can have
a function as a data line for applying the data voltage. The sixth wiring 106 can have a
function as a liquid crystal common electrode for controlling voltage which is applied to
a liquid crystal element. The seventh wiring 107 can have a function as a common line
for applying common voltage. However, each wiring can have various roles without
being limited to them. The wirings, in particular, for applying the same voltage can be

common wirings which are electrically connected to each other. Since an area of
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wiring in a circuit can be reduced by sharing the wiring, aperture ratio can be improved,
whereby power consumption can be reduced. More specifically, when a liquid crystal
element having a structure in which a liquid crystal common electrode is provided on
the transistor substrate side is used (an IPS mode, an FFS mode, or the like), the sixth
wiring 106 and the seventh wiring 107 can be electrically connected to each other.
[0241]

Note that as a specific example of the circuit example (2), only a case where

~one power supply line except a liquid crystal common electrode is provided in a pixel

circuit is given in order to avoid repeated description. Various numbers of power
supply lines can also be used in the circuit example (2) as described in the specific
examples (1) to (4) of the circuit example (1). Moreover, a power supply line can be
omitted as described in the specific example (5) of the circuit example (1).

[0242] _

<Specific Example of Circuit Example (3)>

Next, a specific example of the circuit example (3) in Embodiment Mode 2 is
described. A circuit illustrated in FIG 13B is a specific example of the circuit example
(3) illustrated in FIG. 8A and includes the first transistor Tr1, the second transistor Tr2,
the third transistor Tr3, the fourth transistor Tr4, the first capacitor element 50, the
second capacitor element 51, the third capacitor element 52, the first liquid crystal
element 31, the second liquid crystal element 32, the first wiring 101, the second wiring
102, the third wiring 103, the fourth wiring 104, the fifth wiring 105, the sixth wiring
106, and the seventh wiring 107.

[0243]

One electrode of the first capacitor element 50 is electrically connected to the
seventh wiring 107. Here, an electrode of the first capacitor element 50 which is
different from the electrode which is electrically connected to the seventh wiring 107 is
referred to as a capacitor electrode. |
[0244]

One electrode of the first liquid crystal element 31 is electrically connected to
the sixth wiring 106. Here, an electrode of the first liquid crystal element 31 which is
different from the electrode which is electrically connected to the sixth wiring 106 is

referred to as a first pixel electrode.
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[0245]

. One electrode of the second liquid crystal element 32 is electrically connected
to the sixth wiring 106. Here, an electrode of the second liquid crystal element 32
which is different from the electrode which is electrically connected to the sixth wiring
106 is referred to as a second pixel electrode.
[0246]

- One electrode of a source electrode and a drain electrode of the first transistor
Trl is electrically connected to the fifth wiring 105. The other electrode of the source
electrode and the drain electrode of the first transistor Trl is electrically connected to

the first pixel electrode. A gate electrode of the first transistor Trl is electrically

. connected to the first wiring 101.

[0247]

One electrode of a source electrode and a drain electrode of the second
transistor Tr2 is electrically connected to the first pixel electrode. The other electrode
of the source electrode and the drain electrode of the second transistor Tr2 is electrically
connected to the capacitor electrode. A gate electrode of the second transistor Tr2 is
electrically connected to the second wiring 102.

[0248]

One electrode of a source electrode and a drain electrode of the third transistor
Tr3 is electrically connected to the capacitor electrode. The other electrode of the
source electrode and the drain electrode of the third trahsistor Tr3 is electrically
connected to the second pixel electrode. A gate electrode of the third transistor T3 is
electrically connected to the third wiring 103.

[0249]

One electrode of a source electrode and a drain electrode of the fourth
transistor Tr4 is electricélly connected to the second pixel electrode. The other
electrode of the source electrode and the drain electrode of the fourth transistor Tr4 is
electrically connected to the seventh wiring 107. A gate electrode of the fourth
transistor Tr4 is electrically connected to the fourth wiring 104.

[0250]
One electrode of the second capacitor element 51 is electrically connected to

the first pixel electrode, and the other electrode of the second capacitor element 51 is
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electrically connected to the seventh wiring 107. One electrode of the third capacitor
element 52 is electrically connected to the second pixel électrode, and the other
electrode of the third capacitor element 52 is electrically connected to the seventh
wiring 107.

[0251]

Here, the size W/L of each transistor satisfies preferably (the Trl or the Tr4 ) >
(the Tr2 or the Tr3). This is because, in a reset state or a writing state, larger amount of
current flows in the Trl or the Tr4 than that in the Tr2 or the Tr3. Thus, writing and
reset can be performed quickly. In more detail, the size of the Trl and the Tr4 satisfies
preferably the Trl > the Tr4. This is because since writing the voltage by the Trl is
performed within one gate selection period, there is less margin for time. As for the
size of the Tr2 and the Tr3, it is preferable that the size of electrodes included in a liquid
crystal element or a capacitor element which are electrically connected to the Tr2 and
the Tr3, and that the size of the transistors is large. The reason is that since an element
having a large electrode has large capacitance, writing, reset, distribution, or the like is
necessarily performed by using larger amount of current for such elements.

[0252] -

Note that the circuits illustrated in FIG 13B are placed side by side over a
substrate, so that a display portion is formed. The circuit illustrated in FIG. 13B is a
minimum unit 6f a circuit which forms a display portion, and this is referred to as a
pixel or a pixel circuit.

[0253]

Note that the first to the seventh wirings included in the circuit illustrated in
FIG. 13B are shared by each of adjacent pixel circuit.

[0254]

Note that, as illustrated in FIG. 13D, the sixth wiring 106 and the seventh
wiring 107 may be electrically connected to each other.
[0255]

Note that the result that the first to the seventh wirings included in the circuit
illustrated in FIG. 13B are classified by the rble is as follows. The first wiring 101 can

have a function as a first scan line for controlling the first transistor Trl. The second
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wiring 102 can have a function as a second scan line for controlling the second
transistor Tr2. The third wiring 103 can have a function as a third scan line for
controlling the third transistor Tr3. The fourth wiring 104 can have a function as a
fourth scan line for controlling the fourth transistor Tr4. The fifth wiring 105 can have
a function as a data line for applying the data voltage. The sixth wiring 106 can have a
function as a liquid crystal common electrode for controlling voltage which is applied to
a liquid crystal element. The seventh wiring 107 can have a function as a common line
for applying common voltage. However, each wiring can have various roles without
being limited to them. The wirings, in particular, for applying the same voltage can be
common wiﬁngs which are electrically connected to each other. Since an area of
wiring in a circuit can be reduced by sharing the wiring, aperture ratio can be improved,
whereby power consumption can be reduced. More specifically, when a liquid crystal
element having a structure in which a liquid crystal common electrode is provided on
the transistor substrate side is used (an IPS mode, an FFS mode, or the like), the sixth
wiring 106 and the seventh wiring 107 can be electrically connected to each other.
[0256]

Note that as a specific examplé of the circuit example (3), only a case where
one power supply line except a liquid crystal common electrode is provided in a pixel
circuit is given in order to avoid repeated description. Various numbers of power
supply lines can also be used in the circuit example (3) as described in the specific
examples (1) to (4) of the circuit example (1). Moreover, a power supply line can be
omitted as described in the specific example (5) of the circuit example (1).

[0257]
<Specific Example of Circuit Example (4)>

Next, a specific example of the circuit example (4) in Embodiment Mode 2 is
described. A circuit illustrated in FIG 13C is a specific example of the circuit example
(4) illustrated in FIG. 9A and includes the first transistor Tr1, a second transistor Tr2-1,
the' third transistor Tr3, the fourth transistor Tr4, a fifth transistor Tr2-2, the first
capacitor element 50, the second capacitor element 51, the third capacitor element 52,
the first liquid crystal element 31, the second liquid crystal element 32, the first wiring
101, the second wiring 102, the third wiring 103, the fourth wiring 104, the fifth wiring
105, the sixth wiring 106, the seventh wiring 107, and an eighth wiring 111.
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[0258]

One electrode of the first capacitor element 50 is electrically connected to the
seventh wiring 107. Here, an electrode of the first capacitor element 50 which is
different from the electrode which is electrically connected to the seventh wiring 107 is
referred to as a capacitor electrode.

[0259]

One electrode of the first liquid crystal element 31 is electrically connected to
the sixth wiring 106. Here, an electrode of the first liquid crystal element 31 which is
different from the electrode which is electrically connected to the sixth wiring 106 is
referred to as a first pixel electrode.

[0260]

One electrode of the second liquid crystal element 32 is electrically connected
to the sixth wiring 106. Here, an electrode of the second liquid crystal element 32
which is different from the electrode which is electrically connected to the sixth wiring
106 is referred to as a second pixel electrode.

[0261]

Furthermore, the specific example of the circuit example (4) illustrated in FIG
13C includes the internal electrode P as is illustrated in FIG. 9A.
[0262]

One electrode of a source electrode and a drain electrode of the first transistor
Trl is electrically connected to the fifth wiring 105. The other electrode of the source
electrode and the drain electrode of the first transistor Tr1 is electrically connected to
the internal electrode P. A gate electrode of the first transistor Trl is electrically
connected to the first wiring 101.

[0263]

One electrode of a source electrode and a drain electrode of the second
transistor Tr2-1 is electrically connected to the internal electrode P. The other
electrode of the source electrode and the drain electrode of the sécond transistor Tr2-1 is
electrically connected to the first pixel electrode. A gate electrode of the second
transistor Tr2-1 is electrically connected to the second wiring 102.

[0264]

One electrode of a source electrode and a drain electrode of the third transistor
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Ti3 is electrically connected to the internal electrode P. The other electrode of the
source electrode and the drain electrode of the third transistor Tr3 is electrically
connected to the capacitor electrode. A gate electrode of the third transistor Tr3 is
electrically connected to the third wiring 103.

[0265]

One electrode of a source electrode and a drain electrode of the fourth
transistor Tr4 is electrically connected to the internal electrode P. The other electrode
of the source electrode and the drain electrode of the fourth transistor Tr4 is electrically
connected to the seventh wiring 107. A gate electrode of the fourth transistor Tr4 is
electrically connected to the fourth wiring 104.

[0266] v

| One electrode of a source electrode and a drain electrode of the fifth transistor
Tr2-2 is electrically connected to the internal electrode P. The other electrode of the
source electrode and the drain electrode of the fifth transistor Tr2-2 is electrically
connected to the second pixel electrode. A gate electrode of the fifth transistor Tr2-2 is
electrically connected to the eighth wiring 111.
[0267]

One electrode of the second capacitor element 51 is electrically connected to
the first pixel electrode, and the other electrode of the second capacitor element 51 is
electrically connected to the seventh wiring 107. One electrode of the third capacitor
element 52 is electrically connected to the second pixel electrode, and the other
electrode of the third capacitor element 52 is electrically connected to the seventh
wiring 107.

[0268]

Here, the size W/L of each transistor satisfies preferably (the Trl or the Tr4 ) >
(the Tr2-1, the Tr2-2, or the Tr3). This is because, in a reset state or a writing state,
larger amount of current flows in the Trl or the Tr4 than that in the Tr2-1, the Tr2-2, or
the Tr3. Thus, writing and reset can be performed quickly. In more detail, the size of
the Trl and the Tr4 satisfies preferably the Trl > the Tr4. This is because since writing
the voltage by the Trl is performed within one gate selection period, there is less margin

for time. As for the size of the Tr2-1, the Tr2-2, or the Tr3, it is preferable that the size
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of electrodes included in a liquid crystal element or a capacitor element which are
electrically connected to the Tr2-1, the Tr2-2, or the Tr3, and that the size of the
transistors is large. The reason is that since an element having a large electrode has
large capacitance, writing, reset, distribution, or the like is necessarily performed by
using larger amount of current for such elements.

[0269]

Note that the circuits illustrated in FIG. 13C are placed side by side over a
substrate, so that a display portibn is formed. The circuit illustrated in FIG. 13C is a -
minimum unit of a circuit which forms a display portion, and this is referred to as a
pixel or a pixel circuit. |
[0270]

Note that the first to the eighth wirings included in the circuit illustrated in FIG.
13 C are shared by each of adjacent pixel circuit.

[0271]

Note that, as illustrated in FIG. 13D, the sixth wiring 106 and the seventh
wiring 107 may be electrically connected to each other. '
[0272]

Note that the result that the first to the eighth wirings included in the circuit
illustrated in FIG. 13C are classified by the role is as follows. The first wiring 101 can
have a function as a first scan line for controlling the first transistor Trl. The second
wiring 102 can have a function as a second scan line for controlling the second
transistor Tr2-1. The third wiring 103 can have a function as a third scan line for
controlling the third transistor Tr3. The fourth wiring 104 can have a function as a
fourth scan line for controlling the fourth transistor Tr4. The fifth wiring 105 can have
a function as a data line for applying the data voltage. The sixth wiring 106 can have a
function as a liquid crystal common electrode for controlling voltage which is applied to
a liquid crystal element. The seventh wiring 107 can have a function as a common line
for applying common voltage. The eighth wiring 111 can have a function as the fifth
scan line for controlling the fifth transistor Tr2-2. However, each wiring can have
various roles without being limited to them. The wirings, in particular, for applying
the same voltage can be common wirings which are electrically connected to each other.

Since an area of wiring in a circuit can be reduced by sharing the wiring, aperture ratio
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can be improved, whereby power consumption can be reduced. More specifically,
when a liquid 'crystal element having a structure in which a liquid crystal common
electrode is provided on the transistor substrate side is used (an IPS mode, an FFS mode,
or the like), the sixth wiring 106 and the seventh wiring 107 can be electrically
connected to each other. | | |

[0273]

Note that as a specific example of the circuit example (4), only a case where
one power supply line except a liquid crystal common electrode is prdvided in a pixel
circuit‘ is given in order to avoid repeated description. Various numbers of power
supply lines can also be used in the circuit example (4) as described in the specific
examples (1) to (4) of the circuit example (1). Moreover, a power supply line can be
omitted as described in the specific example (5) of the circuit example (1).

[0274]

Note that, in this embodiment mode, the display element is described as a
liquid crystal element; however, another display element such as a self-light-emitting
clement, an element utilizing light-emission of phosphor, an element utiiizing reflection
of external light, or the like can also be used. For example, as a display device using a
self-light-emitting element, an organic EL display, an inorganic EL display, or the like
can be given. For example, as a display device using an element utilizing
light-emission of phosphor, a display utilizing cathode-ray tube (CRT); a plasma display
panel (PDP), a field emission display (FED), or the like can be given. For example, as
a display device using an element utilizing reflection of external light, an electronic
paper or the like can be givén.

[0275]

Although this embodiment mode is described with reference to various
drawings, the contents (or may be part of the contents) described in each drawing can be
freely applied to, combined with, or replaced with the contents (or may be part of the
contents) described in another drawing and the contents (or may be part of the contents)
described in a drawing in another embodiment mode. Further, in the above described:
drawings, each part can be combined with another part or with another part of another
embodiment mode. ’

[0276]
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(Embodiment Mode 4)

In this embodiment mode, a case where various circuits which are described
above include a display element except a liquid crystal element is described. As
described above, various elements as well as the liquid crystal element can be used as
the display element which can be included in a pixel in this specification.

[0277]

Various elements as well as the liquid crystal element can be used as the
display elements in the pixel structures described in Embodiment Modes 1 to 3. In the
case where an element except the liquid crystal element is used as a display element,
when the display element is driven by using voltage of direct current like the liquid
crystal element, and when current flowing through the display element is small, the
liquid crystal element may be replaced With the display element in the above described
structure. However, when the display element which is replaced is a display element
driven by a current (current drive display element), not only replacement of the display
element, but also changing the structure which will be described below are needed.
[0278] _

As a current drive display element, a light-emitting diode (LED) having high
crystallinity, an organic light-emitting diode (OLED; also referred to as organic EL)
using an organic material, or the like éan be used.. The current drive display element is
a display element of which emission intensity is determined by the amount of current
flowing through the display element. FIGS. 14A and 14B are examples of the pixel
structure of the case where the cumrent drive display element is used in the pixel
structure described in Embodiment Mode 1.

[0279]

Structures of the first sub-pixel 41 and the second sub-pixel 42 in an example
of the pixel structure illustrated in FIG. 14A are different from those of the example of
the pixel structure illustrated in FIG. 1A, and other structures are similar to each other.
Specific different points are as follows. In the example of pixel structure illustrated in
FIG 1A, the first sub-pixel 41 includes the first liquid crystal element 31 and the first
common electrode, and the second sub-pixel 42 includes the second liquid crystal
element 32 and the second common electrode. On the other hands, in the example of

pixel structure illustrated in FIG. 14A, the first sub-pixel 41 includes a first current
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control circuit 121, a first current drive display element 131, a first anode line 141, and
a first cathode line 151, and the second sub-pixel 42 includes a second current control
circuit 122, a second current drive display element 132, a second anode line 142, and a
second cathode line 152.

[0280]

In the first sub-pixel 41 in the example of the pixel structure illustrated in FIG
14A, the first current control circuit 121 includes at least three electrodes 121a, 121b,
and 121c. The electrode 121a is electrically connected to the first circuit 10. The
electrode 121b is electrically connected to the first anode line 141. The electrode 121c
is electrically connected to the first current drive display element 131. The first
current drive display element 131 includes at least two electrodes. One electrode ‘is
electrically connected to the electrode 121c, And the other electrode is electrically
connected to the first cathode line 151.

[0281] _

Similarly, in the second suﬁ-pixel 42, the second current control circuit 122
includes at least three electrodes 122a, 122b, and 122c. The electrode 122a is
electrically connected to the first circuit 10. The electrode 122b is electrically
connected to the second anode line 142. The electrode 122c is electrically connected
to the second current drive display element 132. The second current drive display
element 132 includes at least two electrodes. One electrode is electrically connected to
the electrode 122c. The other electrode is electrically connected to the second cathode
line 152.

[0282]

Here, the first current control circuit 121 and the second current control circuit
122 are circuits for controlling current flow through the first current drive display
element 131 and the second current drive display element 132, respectively, based on
the voltage supplied from the first circuit 10. FIGS. 14C and 14D illustrate a specific
example of the first current control circuit 121 and the second current control circuit 122
which have such a function. |
[0283]

A circuit illustrated in FIG. 14C is a p-channel transistor, and the gate electrode

thereof is electrically connected to the electrode 121a or the electrode 122a. One ofa
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source electrode and a drain electrode is electrically connected to the electrode 121b or
the electrode 122b. The other of the source electrode and the drain electrode is
electrically connected to the electrode 121c or the electrode 122c. With such a
structure, current flow through a current drive display element can be controlled based
on the voltage applied to the electrode 121a or the electrode 122a.

[0284] -

A circuit illustrated in FIG. 14D is an n-channel transistor, and the gate
electrode thereof is electrically connected to the electrode 121a or the electrode 122a.
One of a source electrode and a drain electrode is electrically connected to the electrode
121b or the electrode 122b. The other of the source electrode and the drain electrode
is electrically connected to the electrode 121c or the electrode 122c. With such a
structure, current flow through a current drive display element can be controlled based
on the voltage applied to the electrode 121a or the electrode 122a.

[0285] _

Note that the example of the pixel structure illustrated in FIG. 14B is similar to
the example of the pixel structure illustrated in FIG. 14A except that directions of the
first current drive display element 131 and the second current drive display element 132
are reversed compared to the example of the pixel structure illustrated in FIG. 14A.
[0286]

When the circuit illustrated in FIG. 14C is used for the first current control
circuit 121 and the second current control circuit 122 in the example of the pixel
structure illustrated in FIG. 14A, potential of a source electrode of a p-channel transistor
can be easily fixed, whereby constant current can be fed in spite of current voltage
characteriétics of the current drive display element. Thus, for example, even when
current voltage characteristics change due to deterioration of a current drive display
element, emission intensity of the current drive display element does not change
compared to emission intensity before the deterioration, whereby there is an advantage
that bumn-in of a display device can be prevented. |
[0287]

On the contrary, when the circuit illustrated in FIG. 14D is used for the first
current control circuit 121 and the second current control éircuit 122 in the example of

the pixel structure illustrated in FIG. 14A, and, for example, a switch included in the
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first circuit 10 is an n-channel transistor, the polarity of all transistors included in the
example of the pixel structure illustrated in FIG. 14A can be n-channel. Thus, the
number of manufacturing processes of a display device can be reduced compared to the
case where the circuit includes both polarities of transistors, whereby there is an
advantage that manufacturing cost can be reduced.

[0288]

Moreover, when the circuit illustrated in FIG. 14D is used for the first current
control circuit 121 and the second current control circuit 122 in the example of the pixel
structure illustrated in FIG 14B, potential of a source electrode of an n-channel
transistor can be easily fixed, whereby constant current can be fed in spite of current
voltage characteristics of the current drive display element. Thus, for example, even
when current voltage characteristics change by deterioration of a current drive display
clement, emission intensity of the current drive display element does not change
compared to emission intensity before the deterioration, whereby there is an advantage
that burn-in of a display device can be prevented.

[0289] '

On' the contrary, when the circuit illustrated in FIG. 14C is used for the first
current control circuit 121 and the second current control circuit 122 in the example of
the pixel structure illustrated in FIG. 14B, and, for example, a switch included in the
first circuit 10 is a p-channel transistor, the polarity of all transistors included in the
example of the pixel structure illustrated in FIG. 14B can be p-channel. Thus, the
number of manufacturing processes of a display device can be reduced compared to the
case where the circuit includes both polarities of transistors, whereby there is an
advantage that manufacturing cost can be reduced.

[0290] |

Note that various circuits as well as the circuits illustrated in FIGS. 14C and
14D can be used for the current control circuits. For example, if a so-called threshold
correction circuit is used for the current control circuit, threshold of a transistor can be
corrected, whereby variations of a current value among pixels can be reduced, and
uniform and beautiful display can be performed.

[0291]

FIG. 14E illustrates an example of a threshold correction circuit. A current
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control circuit illustrated in FIG. 14E includes switches 160, 161, and 162, capacitor
elements 170 and 171, and wirings 180 and 181. One electrode of the switch 160 is
electrically connected to a gate electrode of a transistor, and the other electrode of the
switch 160 is electrically connected to one of a source electrode and a drain electrode of
the transistor. One electrode of the switch 161 is eléctrically connected to one of the
source electrode and the drain electrode of the transistor, and the other electrode of the
switch 161 is electrically connected to the electrode 121c or the electrode 122c. One
electrode of the switch 162 is electrically connected to the gate electrode of the
transistor, and the other electrode of the switch 162 is electrically connected to the
wiring 181.  One electrode of the capacitor element 170 is electrically connected to the
gate electrode of the transistor, and the other electrode of the capacitor element 170 is
electrically connected to the wiring 180. One electrode of the capacitor element 171 is
electrically connected to the gate electrode of the transistor, and the other electrode of
the capacitor element 171 is electrically connected to the electrode 121a or the electrode
122a. Note that a p-channel transistor is used in the threshold correction circuit
illustrated in FIG. 14E; however, an n-channel transistor may also be used.

[0292]

An operation of the current control circuit illustrated in FIG. 14E is described
simply. First, switch 161 comes to an off state, and switch 162 comes to an on state, so
that the capacitor element 170 and 171 are initialized. Initialization voltage at the time
is supplied from the wiring 181 and may be the voltage level that a transistor is surely
turned on.  Subsequently, switch 160 comes to an on state, and switch 161 comes to an
off state, and switch 162 comes to an off state, so that current made to flow in the
capacitor elements 170 and 171 through the transistor. The current in this state stops
when the level of the voltage between the gate and the source of the transistor becomes |
equal to the threshold of the transistor. At this time, the voltage of the electrode 121a .
or the electrode 122a is fixed to the predetermined voltage. Thus, the voltage based on
the threshold of the transistor can be applied to opposite ends of the capacitor element
171. Next, the gate electrode of the transistor comes to be a floating state (switch 160
is an off state, and switch 162 is an off state), and then, voltage based on an image
signal is applied to the electrode 121a or the electrode 122a. Thus, gate voltage of the

transistor can be voltage which is based on an image signal is corrected with the



10

15

20

25

30

WO 2009/069674 PCT/JP2008/071484

91

threshold of the transistor. With this state, when switch 161 comes to be in an on state,
current based on an image signal can be made to flow in a current drive display element
through a transistor. Note that since the capacitor element 170 is used to hold the
voltage applied to the gate electrode of the transistor, if the voltage applied to the gate
electrode can be held by parasitic capacitance of a transistor or other meanS, the
capacitor element 170 is not necessarily provided. Note that the voltage applied to the
wiring 180 may be the constant voltage. Therefore, for example, the wiring 180 may
be electrically connected to the electrode 121b or the electrode 122b. »

[0293]

As an example, FIG. 15A illustrates a circuit in the case where the liquid crystal
elements included in the first sub-pixel 41 and the second sub-pixel 42 in the circuit
example (1) illustrated in FIG. 6A is replaced with a current drive display element as -
described in this embodiment mode. The circuit illustrated in FIG. 15A is an example
of using the circuit illustrated in FIG. 14C as a current control circuit. With the circuit
illustrated in FIG. 15A, even when a current drive display element such as an organic
EL element is used, driving described in Embodiment Modes 1 to 3 can be performed.
Further, in this case, since a pixel structure is simple when a current drive display
element such as an organic EL element is used, manufacturing yield can be increased.
[0294]

As another example, FIG. 15B illustrates an example in the case where the
liquid crystal elements included in the first sub-pixel 41 and the second sub-pixel 42 in
the circuit example (1) illustrated in FIG. 6A is replaced with a current drive display
element as described in this embodiment mode, and further the circuit illustrated in FIG.
14E is used as a current control circuit. In this case, threshold of a transistor can be
corrected, whereby variations of a current value among pixels can be reduced, and
uniform and beautiful display can be performed. Note that switch 162 can be
controlled at the same timing as switch SW4. Moreover, the wiring 181 may be
electrically connected to the first wiring 11.

[0295]

Note that an advantage of using a current drive display element such as an

organic EL element for the sub-pixel is, for example, that a sub-pixel which emits bright

light and a sub-pixel which emits dark light can be realized at the same time by using
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sub-pixels, so that life of the sub-pixel which emits dark light can increase.
Furthermore, by driving a sub-pixel which emits bright light and a sub-pixel which
emits dark light alternately by a predetermined period (e.g, one frame period),
deterioration of display elements can be averaged among sub-pixels, whereby
deteriorﬁtion of display elements is further suppressed.

[0296]

Although this embodiment mode is described with reference to various
drawings, the contents (or may be part of the contents) described in each drawing can be.
freely applied to, combined with, or replaced with the contents (or may be part of the
contents) described in another drawing and the contents (or may be part of the contents)
described in a drawing in another embodiment mode. Further, in the above described
drawings, each part can be combined with another part or with another part of another
embodiment mode.

[0297]
(Embodiment Mode 5)

In this embodiment mode, a structure of a display panel including a display
portion which is formed with the above described various pixel structures is described.
[0298] _

Note that, in this embodiment mode, a display panel includes a substrate over
which a pixel circuit is formed and a whole structure which is formed in contact with
the substrate. For example, when a pixel circuit is formed on a glass substrate, a
combination of a glass substrate, a transistor formed in contact with the glass substrate,
a wiring, and the like is referred to as a display panel.

[0299]

As well as a pixel circuit, a peripheral driver circuit for driving a pixel circuit is
formed over a display panel in some cases (formed in an integrated manner). A
peripheral driver circuit typically includes a scan driver for controlling a scan line of a
display portion (also referred to as a scan line driver, a gate driver, or the like) and a
data driver for controlling a signal line (also referred to as a signal line driver, a source
driver, or the like), and furthermore includes a timing controller for controlling these
drivers, a data processing unit for processing image data, a power supply circuit for

generating a power supply voltage, a reference voltage generating portion of a digital
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analog converter, or the like in some cases.
[0300]

A peripheral driver circuit is formed on the same substrate over which a pixel
circuit in an integrated manner, the number of connection portion of the substrate
between a display panel and an external circuit can be reduced. Mechanical strength

of the connection portion of the substrate is weak, and poor connection easily occurs.

- Therefore, there are advantages such that reduction in the number of connection portion

of the substrate can lead to increase of reliability of a device. Further, reduction in the

* number of external circuits can allow reduction in the manufacturing cost.

[0301]

However, a semiconductor element over the substrate over which a pixel circuit
is formed has low mobility and large variations in characteristics among elements with
compared to an element formed over a single crystal semiconductor substrate.
Therefore, when a peripheral driver circuit and a pixel circuit are formed over the same
substrate in an integrated manner, consideration of Iﬁany facts is necessary such as
increase in performance of an element which is necessary for realizing the function of
the circuit, a technique for the circuit which makes up for a shortage of performance of

an element, or the like.

[0302]

When a peripheral driver circuit and a pixel circuit are formed over the same
substrate in an integrated manner, for example, the following structures can be mainly
given: (1) formation of only a display portion; (2) formation of a display portion and a
scan driver in an integrated manner; (3) formation of a display portion, a scan driver,
and a data driver in an integrated manner; and (4) formation of a display portion, a scan
driver, a data driver, and other peripheral driver circuits in an integrated manner.
However, other combinations may also be used for the combination of circuits formed
in an integrated manner. For example, when the frame area where scan driver is
located have to be reduced while the frame area where data driver is located is not
needed to be reduced, a structure that (5) formation of a display portion and a data
driver in an integrated manner is the most suitable in some cases. Similarly, the
following structures can also be employed: (6) formation of a display portion and other

peripheral driver circuits in an integrated manner; (7) formation of a display portion, a
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data driver, and other peripheral driver circuits in an integrated manner; and (8)
formation of a display portion, a scan driver, and other peripheral driver circuits in an
integrated manner.

[0303]

<(1) Formation of Only Display Portion>

Out of the above mentioned combinations, (1) formation of only a display
portion is described with reference to FIG. 16A. A display panel 200 illustrated in FIG.
16A includes a display portion 201 and a connection point 202. The connection point
202 includes a plurality of electrodes, and a drive signal can be input from the outside of
the display panel 200 to the inside of the display panel 200 by connecting a connection
substrate 203 to the connection point 202.

[0304]

Note that when a scan driver and a data driver are not formed in an integrated
manner with a display portion, the number of electrodes included in the connection
point 202 becomes nearer the sum of the number of scan lines and the signal lines
which are included in the display portion 201. However, input to a signal line is
performed by time division, so that the number of electrodes of the signal line can be
equal to one divided by the number of time divisions. For example, in the display
device which can display colors, input to a signal line corresponding to R, G, and B is
divided by time, so that the number of electrodes of the signal line can be reduced to
one-third. This is similar to other examples in this embodiment mode.

[0305]

Note that as the peripheral driver circuit which is not formed with the display
portion 201 in an integrated manner, an IC manufactured with a single crystal
semiconductor can be used. The IC may be mounted over an external printed wiring
board, may be mounted (TAB) over the connection substrate 203, and may be mounted
(COG) over the display panel 200. This is similar to other examples in this
embodiment mode.

[0306]

Note that in order to suppress a phenomenon (ESD; electrostatic discharge) that

an element is damaged by generating static electricity in a scan line or a signal line

which are included in the display portion 201, the display panel 200 may include an
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electrostatic discharge protection circuit between each of scan lines, each of signal lines,
or each of power supply lines. Thus, yield of the display panel 200 can be improved,
whereby manufacturing cost can be reduced. This is similar to other examples in this
embodiment mode.

[0307]

The display panel 200 illustrated in FIG. 16A is effective in particular when the
semiconductor element included in the display panel 200 is formed with semiconductor
having low mobility such as amorphous silicon or the like. This is because peripheral
driver circuits except a display portion are not formed over the display panel 200 in an
integrated manner, so that yield of the display panel 200 can be improved.  Thus,
manufacturing cost can be reduced. Furthermore, the pixel structures described in
Embodiment Modes 1 to 4 include at least four scan lines by pixels of one row, and four
kinds of scan drivers for driving these scan lines are needed. Thus, the peripheral
driver circuit is not formed over the display panel 200 in an integrated manner, whereby
a frame area can be reduced.

[0308]
<(2) Formation of Display Portion and Scan Driver in an Integrated Manner>

Out of the above mentioned combinations, (2) a display portion and a scan
driver are formed in an integrated manner is described with reference to FIG. 16B.
The display panel 200 illustrated in FIG 16B includes the display portion 201, the
connection point 202, a first scan driver 211, a second scan driver 212, a third scan
driver 213, and a fourth scan driver 214. The connection point 202 includes a plurality
of electrodes, and a drive signal can be input from the outside of the display panel 200
to the inside of the display panel 200 by connecting the connection substrate 203 to the
connection point 202.

[0309]

In the case of the display panel 200 illustrated in FIG. 16B, the first scan driver
211, the second scan driver 212, the third scan driver 213, and the fourth scan driver 214
are formed in an integrated manner with the display portion 201, so that the connection
point 202 and the connection substrate 203 of the scan driver side are not needed.
Therefore, there is an advantage that an external substrate can be freely arranged.

Moreover, since the number of connection point of the substrate is a small, poor
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connections less occur, whereby reliability of a device can be improved.
[0310]

The semiconductor element included in the display panel 200 illustrated in FIG
16B may be formed with semiconductor which has low mobility such as amorphous
silicon or may be formed with semiconductor which has high mobility such as

polysilicon or single crystal silicon. When a semiconductor element is formed with

- amorphous silicon, in particular, the number of steps in a manufacturing process of an

inverted staggered tramsistor is small. Thus, manufacturing cost can be reduced.
When a semiconductor element is formed with polysilicon, the size of a transistor can
be reduced by high mobility. Thus, aperture ratio can be improved, and power
consumption can be reduced. Furthermore, since the area of a scan driver circuit can
be reduced by reduction in the size of the transistor, the frame area can be reduced.
When a semiconductor element is formed with single crystal silicon, the size of the
transistor can be further reduced by extreme high mobility. Thus, aperture ratio can be
improved, and the frame area can be further reduced. |

[0311]

<(3) Formation of Display Portion, Scan Driver, and Data Driver in an Integrated
Manner> ,

Out of the above mentioned combinations, (3) formation of a display portion, a
scan driver, and a data driver in an integrated manner is described with reference to FIG.
16C. The display panel 200 illustrated in FIG. 16C includes the display portion 201,
the connection point 202, the first scan driver 211, the second scan driver 212, the third
scan driver 213, the fourth scan driver 214, and a data driver 221. The connection
point 202 includes a plurality of electrodes, and a drive signal can be input from the
outside of the display panel 200 to the inside of the display panel 200 by connecting the
connection substrate 203 to the connection point 202.

[0312]

In the case of the display panel 200 illustrated in FIG. 16C, the first scan driver
211, the second scan driver 212, the third scan driver 213, the fourth scan driver 214,
and the data driver 221 are formed in an integrated manner with the display portion 201,

so that the connection point 202 and the connection substrate 203 of the scan driver side
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are not needed, and further the number of the connection substrates 203 provided on the
scan driver side can be reduced. Therefore, there is an advantage that an external
substrate can be freely arranged. Moreover, since the number of connection points of
the substrate is small, poor connections less occur, whereby reliability of a device can
be improved.

[0313]

'The semiconductor element included in the display panel 200 illustrated in FIG.
16C may be formed with semiconductor which has low mobility such as amorphous
silicon or may be formed with semiconductor which has high mobility such as
polysilicon or single crystal silicon. When a semiconductor element is formed with
ambrphous silicon, in particular, the number of steps in a manufacturing process of an
inverted staggered transistor is small. Thus, manufacturing cost can be reduced.
When a semiconductor element is formed with polysilicon, the size of a transistor can
be reduced by high mobility. Thus, aperture ratio can be improved, and power
consumption can be reduced. Furthermore, since the area of a scan driver circuit and a
data driver circuit can be reduced by reduction in the size of the transistor, the frame
area can be reduced.  Since the data driver particularly has higher drive frequency than
that of the scan driver, a data driver which can surely operate is realized by using
polysilicon for formation of a semiconductor element. When a semiconductor element
is formed with single crystal silicon, the size of the transistor can be further reduced by
extreme high mobility. Thus, aperture ratio can be improved, and the frame area can
be further reduced.

[0314]
<(4) Formation of Display Portion, Scan Driver, Data Driver, and Other Peripheral
Driver Circuits in an Integrated Manner>

Out of the above mentioned combinations, (4) formation of a display portion, a
scan driver, a data driver, and other peripheral driver circuits in an integrated manner is
described with reference to FIG. 16D. The display panel 200 illustrated in FIG. 16D
includes the display portion 201, the connection point 202, the first scan driver 211, the
second scan driver 212, the third scan driver 213, the fourth scan driver 214, the data

driver 221, and other peripheral driver circuits 231, 232, 233, and 234. Here, it is an
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example that the number of other peripheral driver circuits which are formed in an
integral manner is four. Various number and kinds of the other peripheral driver
circuits which are formed in an integral manner can be employed. For example, the
peripheral driver circuits 231 may be a timing controller. The peripheral driver circuit
232 may be a data processing unit for processing image data. The peripheral driver
circuit 233 may be a power supply circuit for generating a power supply voltage. The
peripheral driver circuit 234 may be a reference voltage generating portion of a digital
analog converter (DAC). The connection point 202 includes a plurality of electrodes,.
and a drive signal can be input from the outside of the display panel 200 to the inside of
the display panel 200 by connecting the connection substrate 203 to the connection
point 202.

[0315]

In the case of the display panel 200 illustrated in FIG. 16D, the first scan driver
211, the second scan driver 212, the third scan driver 213, the fourth scan driver 214,
the data driver 221, and other peripheral driver circuits 231, 232, 233, and 234 are
formed in an integrated manner with the display portion 201, so that the connection
point 202 and the connection substrate 203 which are provided on the scan driver side
are not needed, and further the number of the connection substrates 203 which are
provided on the scan driver side can be reduced. Therefore, there is an advantage that
an external substrate can be freely arranged. Moreover, since the number of
connection points of the substrate is small, poor connections less occur, whereby
reliability of a device can be improved.

[0316]

The semiconductor element included in the display panel 200 illustrated in FIG
16D may be formed with semiconductor which has low mobility such as amorphous
silicon or may be formed with sémiconductor which has high mobility such as
polysilicon or single crystal silicon. When a semiconductor element is formed with
amorphous silicon, in particular, the number of steps of a manufacturing process of an
inverted staggered transistor is small. Thus, manufacturing cost can be reduced.
When a semiconductor element is formed with polysilicon, the size of a transistor can
be reduced by high mobility. Thus, aperture ratio can be improved, and power

consumption can be reduced. Furthermore, since the area of a scan driver circuit and a
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data driver circuit can be reduced by reduction in the size of a transistor, the frame area
can be reduced. Since the data driver particularly has higher drive frequency than that
of the scan driver, a data driver which can surely operate is realized by using polysilicon
for formation of a semiconductor element. Moreover, since a high-speed logic circuit
(a data processing unit or the like), or an analog circuit (a timing controller, a reference
voltage generation portion of a DAC, a power supply circuit, or the like) is needed for
the other peripheral driver circuits, forming a circuit with a semiconductor element
which has high mobility offers many advantages. When a semiconductor element is
formed with single crystal silicon in particular, the size of the transistor can be further
reduced by extreme high mobility. Thus, aperture ratio can be improved, and the
frame area can be further reduced, and other peripheral driver circuits can be surely
operated. The power supply voltage is set to be low or the like, whereby power
consumption can be reduced.

[0317]

<Formation in an Integral Manner with Other Combinations>

FIGS. 16E, 16F, 16G, and 16H illustrate (5) formation of a display portion and
a data driver in an integrated manner, (6) formation of a display portion and other
peripheral driver circuits in an integrated manner; (7) formation of a display portion, a
data driver, and other peripheral driver circuits in an integrated manner; and (8)
formation of a display portion, a scan driver, and other peripheral driver circuits in an
integrated manner, respectively. Advantages of integral formation and respective
materials of the semiconductor element are similar to the above description.

[0318]

As illustrated in FIG. 16E, when (5) formation of a display portion and a data
driver in an integrated manner is realized, the frame area except a portion where the data
driver has been provided can be reduced.

[0319] -

As illustrated in FIG. 16F, when (6) formation of a display portion and other
peripheral driver circuits in an integrated manner is realized, other peripheral driver
circuits can be freely arranged, so that the frame area can be reduced by appropriately
selecting a portion which meets the purpose.

[0320]
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As illustrated in FIG. 16G, in the case of (7) formation of a display portion, a
data driver, and other peripheral driver circuits in an integrated manner is realized, a
portion of the frame area where the scan driver has been provided can be reduced when
the scan driver is formed in an integrated manner.

[0321] _

As illustrated in FIG. 16H, in the case of (8) formation of a display portion, a
scan driver, and other peripheral driver circuits in an integrated manner is realized, a
portion of the frame area where the data driver has been provided can be reduced when
the data driver is formed in an integrated manner.

[0322]

Although this embodiment mode is described with reference to various
drawings, the contents (or may be part of the contents) described in each drawing can be
freely applied to, combined with, or replaced with the contents (or may be part of the
contents) described in another drawing and the contents (or may be part of the contents)
described in a drawing in another embodiment mode. Further, in the above described
drawings, each part can be combined with another part or with another part of another
embodiment mode.

[0323]
(Embodiment Mode 6)

In this embodiment mode, a structure of transistor and a method for
manufacturing a transistor are described.
[0324]

FIGS. 17A to 17G illustrate examples of structures and methods for
manufacturing transistors. FIG. 17A illustrates structure examples of transistors.
FIGS. 17B to 17G illustrate examples of methods for manufacturing transistors.

[0325]

Note that the structure and the methods for manufacturing transistqrs are not
limited to those illustrated in FIGS. 17A to 17G and various structures and
manufacturing methods can be employed.

[0326]
First, structure examples of transistors are described with reference to FIG. 17A.

FIG. 17A is a cross-sectional view of a plurality of transistors each having a different
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structure. Here, in FIG. 17A, the plurality of transistors each having different
structures are placed in a line, which is for describing structures of the transistors.
Accordingly, the transistors are not needed to be actually placed as illustrated in FIG
17A and can be separately formed as needed.
[0327]

Next, characteristics of each layer forming the transistor are described.
[0328]

A substrate 7011 can be a glass substrate using barium borosilicate glass,
aluminoborosilicate glass, or the like, a quartz substrate, a ceramic substrate, a metal
substrate containing stainless sfeel, or the like. Further, a substrate formed of plastics
typified by polyethylene terephthalate (PET), polyethylene naphthalate (PEN), or
polycthersulfone.(PES),' or a substrate formed of a flexible synthetic resin such as
acrylic can also be used. By using a flexible substrate, a semiconductor device capable
of being bent can be formed. A flexible substrate has no strict limitations on the area
or the shape of the substrate. Accordingly, for example, when a substrate having a
rectangular shape, each side of which is 1 meter or more, is used as the substrate 7011,
productivity can be significantly improved. Such an advantage is highly favorable as
compared with the case where a circular silicon substrate is used.

[0329]

An insulating film 7012 functions as a base film and is provided to prevent
alkali metal such as Na or alkaline earth metal from the substrate 7011 from adversely
affecting characteristics of a semiconductor element. The insulating film 7012 can
have a single-layer structure or a stacked-layer structure of an insulating film containing
oxygen or nitrogen, such as silicon oxide (SiO;), silicon nitride (SiN,), silicon
oxynitride (SiO;N,) (x > y), or silicon nitride oxide (SiN,Oy) (x > y). For example,
when the insulating film 7012 is provided to have a two-layer structure, it is preferable
that a silicon nitride oxide film be used as a first insulating film and a silicon oxynitride
film be used as a second insulating film. As another example, when the insulating film
7012 is provided to have a three-layer structure, it is preferable that a silicon oxynitride
film be used as a first insulating film, a silicon nitride oxide film be used as a second

insulating film, and a silicon oxynitride film be used as a third insulating film.
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[0330]

Semiconductor layers 7013, 7014, and 7015 can be formed using an amorphous
semiconductor, a microcrystalline semiconductor, or a semi-amorphous semiconductor
(SAS). Alternatively, a polycrystalline semiconductor layer may be used. SAS is a
semiconductor having an intermediate structure between amorphous and crystalline
(including single crystal and polycrystalline) structures and having a third state which is
stable in terms of free energy. Moreover, SAS includes a crystalline region with a
short-range order and lattice distortion. A crystalline region of 0.5 to 20 nm can be
observed at least in part of a film. When silicon is contained as a main component,
Raman spectrum shifts to a wave number side lower than 520 cm™. The diffraction
peaks of (111) and (220) which are thought to be derived from a silicon crystalline
lattice are observed by X-ray diffraction. SAS contains hydrogen or halogen of at least
1 atomic percent or more to compensate dangling bonds. SAS is formed by glow
discharge decomposition (plasma CVD) of a material gas. As the material gas, Si,Hs,
SiH,Cl,, SiHCl;, SiCly, SiFy, or the like as well as SiH; can be used. Alternatively,
GeF4 may be mixed. The material gas may be diluted with Hy, or H, and one or more
kinds of rare gas elements selected from He, Ar, Kr, and Ne. A dilution ratio is in the
range of 2 to 1000 times. Pressure is in the range of approximately 0.1 to 133 Pa, and
a power supply frequency is 1 to 120 MHz, preferably 13 to 60 MHz. A substrate
heating temperature may be 300 °C or lower. A concentration of impurities in
atmospheric components such as oxygen, nitrogen, and carbon is preferably 1 x 10%°
cm™ or less as impurity elements in the film. In particular, an oxygen concentration is
5 x 10%cm® or less, preferably 1 x 10/cm® or less. Here, an amorphous
semiconductor layer is formed using a material containing silicon (Si) as its main
component (e.g., SixGe;x) by a method such as a sputtering method, an LPCVD
method, or a plasma CVD method. Then, the amorphous semiconductor layer is
crystallized by a crystallization method such as a laser crystallization method, a thermal
crystallization method using RTA or an annealing furnace, or a thermal crystallization
method using a metal element which promotes crystallization.

[0331]

An insulating film 7016 can have a single-layer structure or a stacked-layer
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structure of an insulating film containing oxygen or nitrogen, such as silicon oxide
(Si0y), silicon nitride (SiN,), silicon oxynitride (SiON,) (x > y), or silicon nitride oxide
(SiNOy) (x > y).
[0332]

A gate electrode 7017 can have a single-layer structure of a conductive film or
a stacked-layer structure of two or three conductive films. As a material for the gate
electrode 7017, a conductive film can be used. For example, a single film of an .
element such as tantalum (Ta), titanium (Ti), molybdenum (Mo), tungsten (W),
chromium (Cr), or silicon (Si); a nitride film containing the aforementioned element
(typically, a tantalum nitride film, a tungsten nitride film, or a titanium nitride film); an
alloy film in which the aforementioned elements are combined (typically, a Mo-W alloy
or a Mo-Ta alloy); a silicide film containing the aforementioned element (typically, a
tungsten silicide film or a titanium silicide film); and the like can be used. Note that

the aforementioned single film, nitride film, alloy film, silicide film, and the like can

~ have a single-layer structure or a stacked-layer structure.

[0333]

An insulating film 7018 can have a single-layer structure or a stacked-layer
structure of an insulating film containing oxygen or nitrogen, such as silicon oxide
(Si0,), silicon nitride (SiNy), silicon oxynitride (SiO:N,) (x > y), or silicon nitride oxide
(SiN;O,) (x > y); or a film containing carbon, such as a DLC (diamond-like carbon), by
a method such as a sputtering method or a plasma CVD method.

[0334]

An insulating film 7019 can have a single-layer structure or a stacked-layer
structure of a siloxane resin; an insulating film containing oxygen or nitrogen, such as
silicon oxide (Si0y), silicon nitride (SiN;), silicon oxynitride (SiO:N,) (x > y), or silicon
nitride oxide (SiN,O,) (x > y); a film containing carbon, such as a DLC (diamond-like
carbon); or an organic material such as epoxy, polyimide, polyamide, polyvinyl phenol,
benzocyclobutene, or acrylic. Note that a siloxane resin corresponds to a resin having
Si-O-Si bonds. Siloxane includes a skeleton structure of a bond of silicon (Si) and
oxygen (O). As a substituent, an organic group containing at least hydrogen (such as

an alkyl group or aromatic hydrocarbon) is used. A fluoro group may be included in
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the organic group. Note that the insulaﬁng film 7019 can be directly provided so as to
cover the gate electrode 7017 without provision of the insulating film 7018. |
[0335]

As a conductive film 7023, a single film of an element such as Al, Ni, C, W,
Mo, Ti, Pt, Cu, Ta, Au, or Mn, a nitride film containing the aforementioned element, an
alloy film in which the aforementioned elements are combined, a silicide fihh
containing the aforementioned element, or the like can be used. For example, as an
alloy containing a plurality of the aforementioned elements, an Al alloy containing C
and Ti, an Al alloy containing Ni, an Al alloy containing C and Ni, an Al alloy
containing C and Mn, or the like can be used. For example, when the conductive film
has a stacked-layer structure, Al can be interposed between Mo, Ti, or the like; thus,
resistance of Al to heat and chemical reaction can be improved.

[0336]

Next, with reference to the cross-sectional view of the plurality of transistors
each having a different structure illustrated in FIG. 17A, characteristics of each structure
are described.

[0337]

A transistor 7001 is a single drain transistor. Since the single drain transistor
can be formed by a simple method, it is advantageous in low manufacturing cost and
high yield. Note that the tapered angle is 45° or more and less than 95°, and preferably,
60° or more and less than 95°. Alternatively, the tapered angle can be less than 45°.
Here, the semiconductor layers 7013 and 7015 have different concentrations of
impurities. The semiconductor layer 7013 is used as a channel formation region.
The semiconductor layers 7015 are used as a source region and a drain region. By
controlling the concentration of impurities in this manner, the resistivity of the
semiconductor layer can be controlled. Moreover, an electrical connection state of the
semiconductor layer and the conductive film 7023 can be closer to ohmic contact.
Note that as a method of separately forming the semiconductor layers each having
different amount of impurities, a method can be used in which impurities are doped in a

semiconductor layer using the gate electrode 7017 as a mask.
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[0338]

A transistor 7002 is a transistor in which the gate electrode 7017 is tapered at
an angle of at least certain degrees. Since the transistor can be formed by a simple
method, it is advantageous in low manufacturing cost and high yield. Here, the
semiconductor layers 7013, 7014, and 7015 have different concentrations of impurities.
The semiconductor layer 7013 is used as a channel region, the semiconductor layers
7014 as lightly doped drain (LDD) regions, and the semiconductor layers 7015 as a
source region and a drain region. By controlling the amount of impurities in this -
manner, the resistivity of the semiconductor layer can be controlled. Moreover, an
electrical connection state of the semiconductor layer and the conductive film 7023 can
be closer to ohmic contact. Since the transistor includes the LDD regions, a high
electric field is hardly applied inside the transistor, so that deterioration of the element
due to hot carriers can be suppressed. Note that as a method of separately forming the
semiconductor layers having different amount -of impurities, a method can be used in
which impurities are doped in a semiconductor layer using the gate electrode 7017 as a
mask. In the transistor 7002, since the gate electrode 7017 is tapered at an angle of at
least certain degrees, gradient of the concentration of impurities doped in the
semiconductor layer through the gate electrode 7017 can be provided, and the LDD
region can be easily formed. Note that the tapered angle is 45° or more and less than
95°, and preferably, 60° or more and less than 95°. Alternatively, the tapered angle can
be less than 45°.

[0339]

A transistor 7003 is a transistor in which the gate electrode 7017 is formed of at
least two layers and a lower gate electrode is longer than an upper gate electrode. In
this specification, a shape of the lower and upper gate electrodes is called a hat shape.
When the gate electrode 7017 has a hat shape, an LDD region can be formed without
addition of a photomask. Note that a structure where the LDD region overlaps with
the gate electrode 7017, like the transistor 7003, is particularly called a GOLD (gate
overlapped LDD) structure. As a method of forming the gate electrode 7017 with a hat

shape, the following method may be used.
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[0340]

First, when the gate electrode 7017 is patterned, the lower and upper gate
electrodes are etched by dry etching so that side surfaces thereof are inclined (tapered). .
Then, the inclination of the upper gate electrode is processed to be almost perpendicular
by anisotropic etching. Thus, the gate electrode having a cross section of which is a
hat shape is formed. After that, impurity elements are doped twice, so that the
semiconductor layer 7013 used as the channel region, the semiconductor layers 7014
used as the LDD regions, and the semiconductor layers 7015 used as a source electrode
and a drain electrode are formed.

[0341]

Note that part of the LDD region, which overlaps with the gate electrode 7017,
is referred to as an Lov region, and part of the LDD region, which does not overlap with
the gate electrode 7017, is referred to as an Loff region. Here, the Loff region is
highly effective in suppressing an off-current value, whereas it is not very effective in
preventing deterioration in an on-current value due to hot carriers by relieving an
electric field in the vicinity of the drain. On the other hand, the Lov region is effective
in preventing deterioration in the on-current value by relieving the electric field in the
vicinity of the drain, whereas it is not very effective in suppressing the off-current value.
Thus, it is preferable to form a transistor having a structure appropriate for
characteristics of each of a variety of circuits. For example, when the semiconductor
device is used as a display device, a transistor having an Loff regjon is preferably used
as a pixel transistor in order to suppress the off-current value. On the other hand, as a
transistor in a peripheral circuit, a transistor having an Lov region is preferably used in
order to prevent deterioration in the on-current value by relieving the electric field in the
vicinity of the drain.

[0342]

A transistor 7004 is a transistor including a sidewall 7021 in contact with the
side surface of the gate electrode 7017. When the transistor includes the sidewall 7021,
a region overlapping with the sidewall 7021 can be made to be an LDD region.

[0343]

A transistor 7005 is a transistor in which an LDD (Loff) region is formed by

performing doping of the semiconductor layer with the use of a mask 7022. Thus, the
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LDD region can surely be formed, and an off-current value of the transistor can be
reduced.
[0344]

A transistor 7006 is a transistor in which an LDD (Lov) region is formed by
performing doping of the semiconductor layer with the use of a mask. Thus, the LDD
region can surely be formed, and deterioration in an on-current value can be prevented
by relieving the electric field in the vicinity of the drain of the transistor.

[0345] '

Next, FIGS. 17B to 17G illustrate an example of a method for manufacturing
the transistor. |
[0346]

Note that a structure of the transistor and a method for manufacturing the
transistor are not limited to those in FIGS. 17A to 17G, and a variety of structures and
manufacturing methods can be used.

[0347].

In this embodiment mode, a surface of the substrate 7011, a surface of the
insulating film 7012, a surface of the semiconductor layer 7013, a surface of the
semiconductor layer 7014, a surface of the semiconductor layer 7015, a surface of the
insulating film 7016, a surface of the insulating film 7018, or a surface of the insulating
film 7019 is oxidized or nitrided using plasma treatment, so that the semiconductor
layer or the insulating film can be oxidized or nitrided. By oxidizing or nitriding the
semiconductor layer or the insulating film by plasma treatment in such a manner, the
surface of the semiconductor layer or the insulating film is modified, and the insulating
film can be formed to be denser than an insulating film formed by a CVD method or a
sputtering method. Thus, a defect such as a pinhole can be suppressed, and
characteristics and the like of the semiconductor device can be improved. An
insulating film 7024 which is subjected to the plasma treatment is referred to as a
plasma-treated insulating film.

[0348]

Note that silicon oxide (SiO;) or silicon nitride (SiN,) can be used for the

sidewall 7021. As a method for forming the sidewall 7021 on the side surface of the

gate electrode 7017, a method can be used, for example, in which a silicon oxide (SiOy)
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film or a silicon nitride (SiN,) film is formed after the gate electrode 7017 is formed,
and then, the silicon oxide (SiO;x) film or the silicon nitride (SiN,) film is etched by
anisotropic etching. Thus, the silicon oxide (SiOy) film or the silicon nitride (SiN,)
film remains only on the side surface of the gate electrode 7017, so that the sidewall
7021 can be formed on the side surface of the gate electrode 7017.

[0349]

FIG. 18D illustrates cross-sectional structures of a bottom-gate transistor and a
capacitor element.
[0350]

A first insulating film (an insulating film 7092) is formed over an entire surface
of a substrate 7091. However, the structure is not limited to this. The case where the
first insulating film (the insulating film 7092) is not formed is also possible. The first
insulating film can prevent impurities from the substrate from adversely affecting é
semiconductor layer and changing properties of a transistor. That is, the first
insulating film functions as a base film. Thus, a transistor with high reliability can be
formed. As the first iﬁsulating film, a single layer or stacked layers of a silicon oxide
film, a silicon nitride film, a silicon oxynitride film (SiO:N,), or the like can be used.
[0351]

A first conductive layer (conductive layers 7093 and 7094) is formed over the
first insulating film. The conductive layer 7093 includes a portion functioning as a
gate electrode of a transistor 7108. The conductive layer 7094 includes a portion
functioning as a first electrode of a capacitor element 7109. As the first conductive
layer, an element such as Ti, Mo, Ta, Cr, W, Al, Nd, Cu, Ag, Au, Pt, Nb, Si, Zn, Fe, Ba,
or Ge, or an alloy of these elements can be used. Alternatively, stacked layers of these
elements (including the alloy thereof) can be used.

[0352]

A second insulating film (an insulating film 7104) is formed to cover at least
the first conductive layer. The second insulating fihﬁ functions as a gate insulating
film. As the second insulating film, a single layer or stacked layers of a silicon oxide
film, a silicon nitride film, a silicon oxynitride film (SiO.N,), or the like can be used.
[0353]

Note that for a portion of the second insulating film, which is in contact with
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the semiconductor layer, a silicon oxide film is preferably used. This is because the
trap level at the interface between the semiconductor layer and the second insulating
film is lowered.

[0354]

When the second insulating film is in contact with Mo, a silicon oxide film is
preferably used for a portion of the second insulating film in contact with Mo. This is
because the silicon oxide film does not oxidize Mo.

[0355]

A semiconductor layer is formed in part of a portion over the second insulating
film, which overlaps with the first conductive layer, by a photolithography method, an
inkjet method, a printing method, or the like. Part of the semiconductor layer extends
to a portion over the second insulating film, 'which does not overlap with the first
conductive layer. The semiconductor layer includes a channel formation region (a
channel formation region 7100), an LDD region (LDD regions 7098 and 7099), and an
impurity region (impurity regions 7095, 7096, and 7097). The channel formation
region 7100 functions as a channel formation region of the transistor 7108. The LDD
regions 7098 and 7099 function as LDD regions of the transistor 7108. Note that the
LDD regions 7098 and 7099 are not necessarily formed. The impurity region 7095
includes a portion functioning as one of a source electrode and a drain electrode of the
transistor 7108. The impurity region 7096 includes a portion functioning as the other
of the source electrode and the drain electrode of the transistor 7108. The impurity
region 7097 includes a portion functioning as a second electrode of the capacitor
element 7109.

[0356] _

A third insulating film (an insulating film 7101) is entirely formed. A contact
hole is selectively formed in part of the third insulating film. The insulating film 7101
functions as an interlayer film. As the third insulating film, an inorganic material (e.g.,
silicon oxide, silicon nitride, or silicon oxynitride), an organic compound material
having a low dielectric constant (e.g., a photosensitive or nonphotosensitive organic
resin material), or the like can be used. Alternatively, a material containing siloxane
may be used. Note that siloxane is a material in which a skeleton structure is formed

by a bond of silicon (Si) and oxygen (O). As a substitute, an organic group containing
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at least hydrogen (such as an alkyl group or aromatic hydrocarbon) is used. A fluoro
group may be included-in the organic group.
[0357]

A second conductive layer (conductive layers 7102 and 7103) is formed over
the third insulating film. The conductive layer 7102 is connected to the other of the
source electrode and the drain electrode of the transistor 7108 through the contact hole
formed in the third insulating film. Thus, the conductive layer 7102 includes a portion
functioning as the other of the source electrode and the drain electrode of the transistor
7108. When the conductive layer 7103 is electrically connected to the conductive
layer 7094, the conductive layer 7103 includes a portion which acts as a first electrode
of the capacitor element 7109. Alternatively, when the conductive layer 7103 is
electrically connected to the impurity region 7097, the conductive layer 7103 includes a
portion functioning as the second electrode of the capacitor element 7109. Further
alternatively, when the conductive layer 7103 is not connected to the conductive layer
7094 and the impurity region 7097, a capacitor element other than the capacitor element
7109 is formed. In this capacitor element, the conductive layer 7103, the impurity
region 7097, and the insulating film 7101 are used as a first electrode, a second
electrode, and an insulating film, respectively. As the second conductive layer, an
element such as Ti, Mo, Ta, Cr, W, Al, Nd, Cu, Ag, Au, Pt, Nb, Si, Zn, Fe, Ba, or Ge, or
an alloy of these elements can be used. Alternatively, stacked layers of these elements
(including thé alloy thereof) can be used.

[0358]

Note tﬁat in steps after forming the second conductive layer, various insulating
films or various conductive films may be formed.
[0359]

Next, structures of a transistor and a capacitor element are described in the case
where an amorphous silicon (a-Si:H) film, a microcrystalline film, or the like is used as
a semiconductor layer of the transistor.

[0360]
FIG. 18A illustrates cross-sectional structures of a top-gate transistor and a

capacitor element.
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[0361]

A first insulating film (an insulating film 7032) is formed over an entire surface
of a substrate 7031. The first insulating film can prevent impurities from the substrate
from adversely affecting a semiconductor layer and changing properties of a transistor.
That is, the first insulating film functions as a base film. Thus, a transistor with high
reliability can be formed. As the first insulating film, a single layer or stacked layers
of a silicon oxide film, a silicon nitride film, a silicon oxynitride film (SiO,N,), or the
like can be used.

[0362]

Note that the first insulating film is not necessarily formed. In this case,
reduction in the number of steps and reduction in manufacturing cost can be realized.
Further, since the structure can be simplified, the yield can be improved.

[0363]

A first conductive layer (conductive layers 7033, 7034, and 7035) is formed
over the first insulating film. The conductive layer 7033 includes a portion
functioning as one of a source electrode and a drain electrode of a transistor 7048. The
conductive layer 7034 includes a portion functioning as the other of the source electrode
and the drain electrode of the transistor 7048. The conductive layer 7035 includes a
portion functioning as a first electrode of a capacitor element 7049. As the first
conductive layer, an element such as Ti, Mo, Ta, Cr, W, Al, Nd, Cu, Ag, Au, Pt, Nb, Si,
Zn, Fe, Ba, or Ge, or an alloy of these elements can be used. Alternatively, stacked
layers of these elements (including the alloy thereof) can be used.

[0364]

A first semiconductor layer (semiconductor layers 7036 and 7037) is formed
above the conductive layers 7033 and 7034. The semiconductor layer 7036 includes a
portion functioning as one of the source electrode and the drain electrode. The
semiconductor layer 7037 includes a portion functioning as the other of the source
electrode and the drain electrode. As the first semiconductor layer, silicon containing
phosphorus or the like can be used, for example.

[0365]

A second semiconductor layer (a semiconductor layer 7038) is formed over the

~ first insulating film and between the conductive layer 7033 and the conductive layer
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7034. Part of the semiconductor layer 7038 extends over the conductive layers 7033
and 7034. The semiconductor layer 7038 includes a portion functioning as a channel
formation region of the transistor 7048. As the second semiconductor léyer, a
semiconductor layer having no crystallinity such as an amorphous silicon (a-Si:H) layer,
a semiconductor layer such as a microcrystalline semiconductor (u-Si:H) layer, or the
like can be used.

[0366]

A second insulating film (insulating films 7039 and 7040) is formed to cover at |
least the semiconductor layer 7038 and the conductive layer 7035. The second
insulating film functions as a gate insulating film. As the second insulating film, a
single layer or stacked layers of a silicon oxide film, a silicon nitride film, a silicon
oxynitride film (SiO;N,), or the like can be used.

[0367]

Note that for a portion of the second insulating film, which is in contact with
the second semiconductor layer, a silicon oxide film is preferably used. This is
because the trap level at the interface between the second semiconductor layer and the
second insulating film is lowered.

[0368]

When the second insulating film is in contact with Mo, a silicon oxide film is
preferably used for a portion of the second insulating film in contact with Mo. This is
because the silicon oxide film does not oxidize Mo.

[0369]

A second conductive layer (conductive layers 7041 and 7042) is formed over
the second insulating film. The conductive layer 7041 includes a portion functioning
as a gate electrode of the transistor 7048. The conductive layer 7042 functions as a
second electrode of the capacitor element 7049 or a wiring. As the second conductive
layer, an element such as Ti, Mo, Ta, Cr, W, Al, Nd, Cu, Ag, Au, Pt, Nb, Si, Zn, Fe, Ba,
or Ge, or an alloy of these elements can be used.  Alternatively, stacked layers of these
elements (including the alloy thereof) can be used.

[0370]
Note that in steps after forming the second conductive layer, various insulating

films or various conductive films may be formed.
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[0371]

FIG. 18B illustrates cross-sectional structures of an inverted staggered (bottom
gate) transistor and a capacitor element. In particular, the transistor illustrated in FIG.
18B has a channel-etched structure.

[0372]

A first insulating film (an insulating film 7052) is formed over an entire surface
of a substrate 7051. The first insulating film can prevent impurities from the substrate
from adversely affecting a semiconductor layer and changing properties of a transistor.
That is, the first insulating film functions as a base film. Thus, a transistor with high
reliability can be formed. As the first insulating film, a single layer or stacked layers
of a silicon oxide film, a silicon nitride film, a silicon oxynitride film (SiO.N,), or the
like can be used.

[0373]

Note that the first insulating film is not necessarily formed. In this case,
reduction in the number of steps and reduction in manufacturing cost can be realized.
Further, since the structure can be simplified, the yield can be improved.

[0374]

A first conductive layer (conductive layers 7053 and 7054) is formed over the
first insulating film. The conductive layer 7053 includes a portion functioning as a
gate clectrode of a transistor 7068. The conductive layer 7054 includes a portion
functioning as a first electrode of a capacitor element 7069. As the first conductive
layer, an element such as Ti, Mo, Ta, Cr, W, Al, Nd, Cu, Ag, Au, Pt, Nb, Si, Zn, Fe, Ba,
or Ge, or an alloy of these elements can be used. Alternatively, stacked layers of these
elements (including the alloy thereof) can be used.

[0375]

A second insulating film (an insulating film 7055) is formed to cover at least
the first conductive layer. The second insulating film functions as a gate insulating
film. As the second insulating film, a single layer or stacked layers of a silicon oxide
film, a silicon nitride film, a silicon oxynitride film (SiO:N,), or the like can be used.
[0376]

Note that for a portion of the second insulating film, which is in contact with

the semiconductor layer, a silicon oxide film is preferably used. This is because the
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trap level at the interface between the semiconductor layer and the second insulating

film is lowered.

- [0377]

When the second insulating film is in contact with Mo, a silicon oxide film is
preferably used for a portion of the second insulating film in contact with Mo. This is
because the silicon oxide film does not oxidize Mo.

[0378]

A first semiconductor layer (a semiconductor layer 7056) is formed in part of a
portion over the second insulating film, which overlaps with the first conductive layer,
by a photolithography method, an inkjet method, a printing method, or the like. Part of
the semiconductor layer 7056 extends to a portion over the second insulating film,
which does not overlap with the first conductive layer. The semiconductor layer 7056
includes a portion functioning as a channel formation region of the transistor 7068. As
the semiconductor layer 7056, a semiconductor layer having no crystallinity such as an
amorphous silicon (a-Si:H) layer, a semiconductor layer such as a microcrystalline
semiconductor (u-Si:H) layer, or the like can be used.

[0379]

A second semiconductor layer (semiconductor layers 7057 and 7058) is formed
over part of the first semiconductor layer. The semiconductor layer 7057 includes a
portion functioning as one of a source electrode and a drain electrode. The
semiconductor layer 7058 includes a portion functioning as the other of the source
electrode and the drain electrode. As the second semiconductor layer, silicon

-containing phosphorus or the like can be used, for example.
[0380]

A second conductive layer (conductive layers 7059, 7060, and 7061) is formed
over the second semiconductor layer and the second insulating film. The conductive
layer 7059 includes a portion functioning as one of the source electrode and the drain
electrode of the transistor 7068. The conductive layer 7060 includes a portion
functioning as the other of the source electrode and the drain electrode of the transistor
7068. The conductive layer 7061 includes a portion functioning as a second electrode
of the capacitor element 7069. As the second conductive layer, an element such as Ti,

Mo, Ta, Cr, W,‘Al, Nd, Cu, Ag, Au, Pt, Nb, Si, Zn, Fe, Ba, or Ge, or an alloy of these
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elements can be used. Alternatively, stacked layers of these elements (including the
alloy thereof) can be used.
[0381]

Note that in steps after forming the second conductive layer, various insulating
films or various conductive films may be formed. |
[0382]

Here, an example of a step which is a feature of the channel-etched type
transistor is described. The first semiconductor layer and the second semiconductor
layer can be formed using the same mask. Specifically, the first semiconductor layer
and the second semiconductor layer are successively formed. Further, the first
semiconductor layer and the second semiconductor layer are formed using the same.
mask.

[0383]

Another example of a step which is a feature of the channel-etched type
transistor is described. The channel region of the transistor can be formed without
using an additional niﬁsk. Specifically, after the second conductive layer is formed,
part of the second semiconductor layer is removed using the second conductive layer as
amask. Alternatively, part of the second semiconductor layer is removed by using the
same mask as the second conductive layer. The first semiconductor layer below the
removed second semiconductor layer serves as the channel formation region of the
transistor.

[0384]

FIG. 18C illustrates cross-sectional structures of an inverted staggered (bottom
gate) transistor and a capacitor element. In particular, the transistor illustrated in FIG.
18C has a channel protection (channel stop) structure.

[0385]

A first insulating film (an insﬁlating film 7072) is formed over an entire surface
of a substrate 7071. The first insulating film can prevent impurities from the substrate
from adversely affecting a semiconductor layer and changing properties of a transistor.
That is, the first insulating film functions as a base film. Thus, a transistor with high
reliability can be formed. As the first insulating film, a single layer or stacked layers

of a silicon oxide film, a silicon nitride film, a silicon oxynitride film (SiO;N,), or the
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like can be used.
[0386]

Note that the first insulating film is not necessarily formed. In this case,
-reduction in the number of steps and reduction in manufacturing cost can be realized.
Further, since the structure can be simplified, the yield can be improved.

[0387]

A first conductive layer (conductive layers 7073 and 7074) is formed over the
first insulating film. The conductive layer 7073 includes a portion functioning as a
gate electrode of a transistor 7088. The conductive layer 7074 includes a portion
functioning as a first electrode of a capacitor element 7089. As the first conductive
layer, an element such as Ti, Mo, Ta, Cr, W, Al, Nd, Cu, Ag, Au, Pt, Nb, Si, Zn, Fe, Ba,
or Ge, or an alloy of these elements can be used. Alternately, stacked layers of these
elements (including the alloy thereof) can be used.

[0388]

A second insulating film (an insulating film 7075) is formed to cover at least
the first conductive layer. The second insulating film functions as a gate insulating
film. As the second insulating film, a single layer or stacked layers of a silicon oxide
film, a silicon nitride film, a silicon oxynitride film (SiO.N,), or the like can be used.
[0389]

Note that for a portion of the second insulating film, which is in contact with
the semiconductor layer, a silicon oxide film is preferably used. This is because the
trap level at the interface between the semiconductor layer and the second insulating
film is lowered.

[0390]

When the second insulating film is in contact with Mo, a silicon oxide film is
preferably used for a portion of the second insulating- film in contact with Mo. This is
because the silicon oxide film does not oxidize Mo. |
[0391]

A first semiconductor layer (a semiconductor layer 7076) is formed in part of a
portion over the second insulating film, which overlaps with the first conductive layer,
by a photolithography method, an inkjet method, a printing method, or the like. Part of

the semiconductor layer 7076 extends to a portion over the second insulating film,
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which does not overlap with the first conductive layer. The semiconductor layer 7076
includes a portion functioning as a channel formation region of the transistor 7088. As
the semiconductor layer 7076, a semiconductor layer having no crystallinity s{lch as an
amorphous silicon (a-Si:H) layer, a semicondﬁctor layer such as a microcrystalline
semiconductor (u-Si:H) layer, or the like can be used. |

[0392]

A third insulating film (an insulating film 7082) is formed over part of the first
semiconductor layer. The insul'atin>g film 7082 prevents the channel region of the
transistor 7088 from being removed by etching. That is, the insulating film 7082
functions as a channel protection film (a channel stop film). As the third insulating
film, a single layer or stacked layers of a silicon oxide film; a silicon nitride film, a
silicon oxynitride film (SiO,N,), or the like can be used.

[0393] '

A second semiconductor layer (semiconductor layers 7077 and 7078) is formed
over part of the first semiconductor layer and part of the third insulating film. The
semiconductor layer 7077 includes a portion functidning as one of a source electrode
and a drain electrode. The semiconductor layer 7078 includes a portion functioning as
the other of the source electrode and the drain electrode. As the second semiconductor
layer, silicon containing phosphorus or the like can be used, for example.

[0394] .

A second conductive layer (con;iuctive layers 7079, 7080, and 7081) is formed
over the second semiconductor layer. The conductive layer 7079 includes a portion
functioning as one of the source electrode and the drain electrode of the transistor 7088.
The conductive layer 7080 includes a portion functioning as the other of the source
electrode and the drain electrode of the transistor 7088. The conductive layer 7081
includes a portion functioning as a second electrode of the capacitor element 7089. As
the second conductive layer, an element such as Ti, Mo, Ta, Cr, W, Al, Nd, Cu, Ag, Au,
Pt, Nb, Si, Zn, Fe, Ba, or Ge, or an alloy of these elements can be used. Alternately,
stacked layers of these elements (including the alloy thereof) can be used.

[0395]
Note that in steps after forming the second conductive layer, various insulating

films or various conductive films may be formed.
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- [0396]

Next, an example where a semiconductor substrate is used as a substrate for
forming a transistor is described. Since a transistor formed using a semiconductor
substrate has high mobility, the size of the transistor can be decreased. Accordingly,
the number of transistors per unif area can be increased (the degree of integration can be
improved), and the size of the substrate can be decreased as the degree of integration is
increased in the case of the same circuit structure. Thus, manufacturing‘ cost can be
reduced. Further, since the circuit scale can be increased as the degree of integration is
increased in the case of the same substrate size, more advanced functions can be
prbvided without increase in manufacturing cost. Moreover, reduction in variations in
characteristics can improve manufacturing yield. Reduction in operating voltage can
reduce power consumption. High mobility can realize high-speed operation.

[0397] '

When a circuit which is formed by integrating transistors formed using a
semiconductor substrate is mounted on a device in the form of an IC chip or the like, the
device can be provided with a variety of functions. For example, when a peripheral
driver circuit (e.g., a data driver (a source driver), a scan driver (a gate driver), a timing
controller, an image processing circuit, an interface circuit, a power supply circuit, or an
oscillation circuit) of a display device is formed by integrating transistors formed using
a semiconductor substrate, a small peripheral circuit which can be operated with low
power consumption and at high speed can be formed at low cost in high yield. Note
that a circuit which is formed by integrating transistors formed using a semiconductor
substrate may include a unipolar transistor. Thus, a manufacturing process can be
simplified, so that manufacturing cost can be reduced.

[0398]

A circuit which is formed by integrating transistors formed using a
semiconductor substrate may also be used for a display panel, for example. More
specifically, the circuit can be used for a reflective liquid crystal panel such as a liquid
crystal on silicon (LCOS) device, a digital micromirror device (DMD) element in which
micromirrors are integrated, an EL panel, and the like. When such a display panel is
formed using a semiconductor substrate, a small display panel which can be operated

with low'power consumption and at high speed can be formed at low cost in high yield.
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Note that the display panel may be formed over an element having a function other than

- afunction of driving the display panel, such as a large-scale integration (LSI).

[0399]

Hereinafter, a method for forming a transistor using a semiconductor substrate
is described. As an example, such steps as illustrated in FIGS. 19A to 19G may be
used for forming a transistor. |
[0400]

FIG. 19A illustrates a region 7112 and a region 7113 by which an element is

-isolated in a semiconductor substrate 7110, an insulating film 7111 (also referred to as a

field oxide film), and a p-well 7114.
[0401]

Any substrate can be used as the substrate 7110 as long as it is a semiconductor
substrate. For example, a single crystal Si substrate having n-type or p-type
conductivity, a compound semiconductor substrate (e.g., a GaAs substrate, an InP
substrate, a GaN substrate, a SiC substrate, a sapphire substrate, or a ZnSe substrate), an
SOI (silicon on insulator) substrate formed by a bonding method or a SIMOX
(separation by implanted oxygen) method, or the like can be used. '

[0402]

FIG. 19B illustrates insulating films 7121 and 7122. The insulating films
7121 and 7122 can be formed of silicon oxide films in such a manner that, for example,
surfaces of the regions 7112 and 7113 provided in the semiconductor substrate 7110 are
oxidized by heat treatment.

[0403]

FIG. 19C illustrates conductive films 7123 and 7124.
[0404]

As a material of the conductive films 7123 and 7124, an element selected from
tantalum (Ta), tungsten (W), titanium (Ti), molybdenum (Mo), aluminum (Al), copper
(Cu), chromium (Cr), niobium (Nb), and the like, or an alloy material or a compound
material containing such an element as its main component can be used. Alternatively,
a metal nitride film obtained by nitridation of the above element can be used. Further
alternatively, a semiconductor material typified by polycrystalline silicon doped with an

impurity element such as phosphorus or silicide in which a metal material is introduced
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can be used.
[0405] \
FIGS. 19D to 19G illustrate a gate electrode 7130, a gate electrode 7131, a

- resist mask 7132, an impurity region 7134, a channel formation region 7133, a resist

mask 7135, an impurity region 7137, a channel formation region 7136, a second
insulating film 7138, and wirings 7139.
[0406]

The second insulating film 7138 can be formed to have a single-layer structure
or a stacked-layer structure of an insulating film containing oxygen and/or nitrogen such
as silicon oxide (SiOy), silicon nitride (SiN), silicon oxynitride (SiO:N,) (x > y), or
silicon nitride oxide (SiN;O,) (x > y); a film containing carbon such as DLC
(diamond-like carbon); an organic material such as epoxy, polyimide, polyamide,
polyvinyl phenol, benzocyclobutene, or acrylic; or a siloxane material such as a siloxane
resin by a CVD method, a sputtering method, or the like. A siloxane material
corresponds to a material having a bond of Si-O-Si. Siloxane has a skeleton structure
with the bond of silicon (Si) and oxygen (0). As a substituent of siloxane, an organic
group containing at least hydrogen (e.g., an alkyl group or aromatic hydrocarbon) is
used. A fluoro group may be included in the organic group.

[0407]

The wirings 7139 are formed with a single layer or stacked layers of an element
selected from aluminum (Al), tungsten (W), titanium (Ti), tantalum (Ta), molybdenum
(Mo), nickel (Ni), platinum (Pt), copper (Cu), gold (Au), silver (Ag), manganese (Mn),
neodymium (Nd), carbon (C), and silicon (Si), 6r an alloy material or a compound
material containing such an element as its main component by a CVD method, a
sputtering method, or the like. An alloy material containing aluminum as its main
component corresponds to, for example, a material which contains aluminum as its
main component and also contains nickei, or a material which contains aluminum as its
main.component and also contains nickel and one or both of carbon and silicon. The
wirings 7139 are preferably formed to have a stacked-layer structure of a barrier film,
an aluminum-silicon (Al-Si) film, and a barrier film or a stacked-layer structure of a

barrier film, an aluminum-silicon (Al-Si) film, a titanium nitride film, and a barrier film.
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Note that the barrier film corresponds to a thin film formed of titanium, titanium nitride,
molybdenum, or molybdenum nitride. Aluminum and aluminum silicon are suitable
materials for forming the wirings 7139 because they have low resistance values and are
inexpensive. For example, when barrier layers are provided as the top layer and the
bottom layer, generation of hillocks of aluminum or aluminum silicon can be prevented.
For example, when a barrier film is formed of titanium which is an element having a
high reducing property, even if a thin natural oxide film is formed on a crystalline
semiconductor film, the natural oxide film can be reduced. As a result, the wirings
7139 can be connected to the crystalline semiconductor in electrically and physically
with favorable condition. |

[0408]

Note that the structure of a transistor is not limited to that illustrated in the
drawing. For example, a transistor with an inverted staggered structure, a FinFET
structure, or the like can be used.. A FinFET structure is preferable because it can
suppress a short channel effect which occurs along with reduction in transistor size.
[0409]

The above is the description of the structures and the methods for
manufacturing transistors. In this embodiment mode, a wiring, an electrode, a
conductive layer, a conductive film, a terminal, a via, a plug, and the like are preferably
formed of one or more elements selected from aluminum (Al), tantalum (Ta), titanium
(Ti), molybdenum (Mo), tungsten (W), neodymium (Nd), chromium (Cr), nickel (Ni),
platinum (Pt), gold (Au), silver (Ag), copper (Cu), magnesium (Mg), scandium (Sc),
cobalt (Co), zinc (Zn), niobium (Nb), silicon (Si), phosphorus (P), boron (B), arsenic
(As), gallium (Ga), indium (In), tin (Sn), and oxygen (O); or a compound or an alloy
material including one or more of the aforementioned elements (e.g., indium tin oxide

(ITO), indium zinc oxide (IZO), indium tin oxide containing silicon oxide (ITSO), zinc

~oxide (ZnO), tin oxide (SnO), cadmium tin oxide (CTO), aluminum neodymium

(Al-Nd), magnesium silver (Mg-Ag), or molybdenum-niobium (Mo-Nb)); a substance
in which these compounds are combined; or the like. Alternatively, they are preferably
formed to contain a substance including a compound (silicide) of silicon and one or
more of the aforementioned elements (e.g., aluminum silicon, molybdenum silicon, or

nickel silicide); or a compound of nitrogen and one or more of the aforementioned
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elements (e.g., titanium nitride, tantalum nitride, or molybdenum nitride).
[0410]

Note that silicon (Si) may contain an n-type impurity (such as phosphorus) or a
p-type impurity (such as boron). - When silicon contains the impurity, the conductivity
is increased, and a function similar to a general conductor can be realized.
Accordingly, such silicon can be utilized easily as a wiring, an electrode, or the like.
[0411]

In addition, silicon with various levels of crystallinity, such as single crystalline
silicon, polycrystalline silicon, or microcrystalline silicon can be used. Alternatively,
silicon having no crystallinity, such as amorphous silicon can be used. By using single
crystalline silicon or polycrystalline silicon, resistance of a wiring, an electrode, a
conductive layer, a conductive film, a terminal, or the like can be reduced. By using
amorphous silicon or microcrystalline silicon, a wiring or the like can be formed by a
simple process.

[0412]

Aluminum and silver have high conductivity, and thus can reduce signal delay.
Moreover, since aluminum and silver can be easily etched, they are easily patterned and
can be minutely processed.

[0413]

Copper has high conductivity, and thus can reduce signal delay. When copper
is used, a stacked-layer structure is preferably employed to improve adhesion.
[0414]

Molybdenum and titanium are preferable because even if molybdenum or
titanium is in contact with an oxide semiconductor (e.g., ITO or IZO) or silicon does not
cause defects. Moreover, molybdenum and titanium are preferable because they are
easily etched and have high heat resistance.

[0415]

Tungsten is preferable because it has advantages such as high heat resistance.
[0416]

Neodymium is also preferable because it has advantages such as high heat
resistance. In particular, an alloy of neodymium and aluminum is preferable bgcause

heat resistance is increased and aluminum hardly causes hillocks.
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[0417]

Silicon is preferably used because it can be formed at the same time as a
semiconductor layer included in a transistor and has high heat resistance.
[0418] '

Since ITO, IZO, ITSO, zinc oxide (ZnO), silicon (Si), tin oxide (Sn0O), and
cadmium tin oxide (CTO) have light-transmitting properties, they can be used for a
portion which transmits light. For example, they can be used for a pixel electrode or a
common electrode. ‘

[0419]

IZO is preferable because it is easily etched and processed. In etching I1ZO, a
residue is hardly left. Accordingly, when IZO is used for a pixel electrode, defects
(such as short circuit or orientation disorder) of a liquid crystal element or a
light-emitting element can be reduced.

[0420]

A wiring, an electrode, a conductive layer, a conductive film, a terminal, a via,
a plug, or the like may have a single-layer structure or a multi-layer structure. By
employing a single-layer structure, each manufacturing process of a wiring, an electrode,
a conductive layer, a conductive film, a terminal, or the like can be simplified, the
number of days for a process can be reduced, and cost can be reduced. Alternatively,
by employing a multi-layer structure, a wiring, an electrode, and the like with high
quality can be formed while an advantage of each material is utilized and a disadvantage
thereof is reduced. For example, when a low-resistant material (e.g., aluminum) is
included in a multi-layer structure, reduction in resistance of a wiring can be realized.
As another example, when a stacked-layer structure in which a low heat-resistant
material is interposed between high heat-resistant materials is employed, heat resistance
of a wiring, an electrode, and the like can be increased, utilizing advantages of the low
heat-resistance material. For example, it is preferable to employ a stacked-layer
structure in which a layer containing aluminum is interposed between layers containing
molybdenum, titanium, neodymium, or the like.

[0421]
When wirings, eleﬁﬁodes, or the like are in direct contact with each other, they

adversely affect each other in some cases. For example, one wiring or one electrode is
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mixed iﬁto a material of another wiring or another electrode and changes its properties,
and thus, an intended function cannot be obtained in some cases. As another example,
when a high-resistant portion is formed, a problem may occur sd that it cannot be
normally formed. In such cases, a reactive material is preferably interposed by or |
covered With a non-reactive material in a stacked-layer structure. For example, when
ITO and aluminum are connected, titanium, molybdenum, or an alloy of neodymium is
preferably interposed between ITO and aluminum. As another example, when silicon
and aluminum are connected, titanium, molybdenum, or an alloy of neodymium is
preferably interposed between silicon and aluminum.

[0422]

The term “wiring” indicates a portion including a conductor. A wiring may be
a linear shape or made to be short without being a linear shape. Therefore, an
electrode is included in a wiring.

[0423]

Note that a carbon nanotube may be used for a wiring, an electrode, a
conductive layer, a conductive film, a terminal, a via, a plug, or the like. Since a
carbon nanotube has a light-transmitting property, it can be used for a portion which
transmits light. For example, a carbon nanotube can be used for a pixel electrode or a
common electrode.

[0424]

Although this embodiment mode is described with reference to various
drawings, the contents (or may be part of the contents) described in each drawing can be
freely applied to, combined with, or replaced with the contents (or may be part of the
contents) described in another drawing and the contents (or may be part of the contents)
described in a drawing in another embodiment mode. Further, in the above described
drawings, each part can be combined with another part or with another part of another
embodiment mode.

[0425]
(Embodiment Mode 7)
This embodiment mode will describe examples of electronic devices.
[0426]
FIG. 20A illustrates a portable game machine which includes a housing 9630, a



10

15

20

25

30

WO 2009/069674 125 PCT/JP2008/071484

display portion 9631, speakers 9633, operation keys 9635, a connection terminal 9636,
a recording medium reading portion 9672, and the like. The portable game machine
illustrated in FIG. 20A can have various functions such as a function of reading a
program or data stored in a recording medium to display on the display portion; a
function of sharing information by wireless communication with another portable game
machine; or the like. Note that functions of the portable game machine illustrated in
FIG 20A are not limited to them, and the portable game machine can have various
functions.

[0427]

FIG. 20B illustrates a digital camera which includes the housing 9630, the
display portion 9631, the speakers 9633, the operation keys 9635, the connection
terminal 9636, a shutter button 9676, an image receiving portion 9677, and the like.
The digital camera having the television reception function illustrated in FIG. 20B can
have various functions such as a function of photographing a still image and a moving
image; a function of automatically or manually adjusting the photographed image; a
function of obtaining various kinds of information from an antenna; a function of
storing the photographed image or the information obtained from the antenna; and a
function of displaying the photographed image or the information obtained from the
antenna on the display portion. Note that functions of the digital camera having the
television reception function illustrated in FIG. 20B are not limited to them, and the
digital camera having the television reception function can have various functions.
[0428]

FIG. 20C illustrates a television receiver which includes the housing 9630, the
display portion 9631, the speakers 9633, the operation keys 9635, the connection
terminal 9636, and the like. The television receiver illustrated in FIG. 20C can have
various functions such as a function of converting radio wave for television into an
image signal; a function of converting an image signal into a signal which is suitable for
display; and a function converting frame frequency of an image signal. Note that
functions of the television receiver illustrated in FIG. 20C are not limited to them, and
the television receiver can have various functions.

[0429]
FIG 20D illustrates a computer which includes the housing 9630, the display
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porﬁon 9631, the speaker 9633, the operation keys 9635, the connection terminal 9636,
a pointing device 9681, an external connection port 9680, and the like. The computer
illustrated in FIG. 20D can have various functions such as a function of displaying
various kinds of information (e.g., a still image, a moving image, and a text image) on
the display portion; a function of controlling processing by various kinds of software
(programs); a communication function éuch as wireless communication or wire
communication; a function of connecting with various computer networks by using the
communication function; and a function of transmitting or receiving various kinds of
data by using the communication function. Note that functions of the computer
illustrated in FIG. 20D are not limited to them, and the computer can have various
functions.

[0430]

FIG. 20E illustrates a mobile phone which includes the housing 9630, the
displéy portion 9631, the speaker 9633, the operation keys 9635, a microphone 9638,
and the like. The mobile phone illustrated in FIG. 20E can have various functions such
as a function of displaying various kinds of information (e.g, a still image, a moving

| image, and a text image); a function of displaying a calendar, a date, the time, and the
like on the display portion; a function of operating or editing the information displaying
on the display portion; and a function of controlling processing byvvarious kinds of
software (programs). Note that functions of the mobile phone illustrated in FIG. 20E
are not limited to them, and the mobile phone can have various functions.

[0431]

Electronic devices described in this embodiment mode are characterized by
having a display portion for displaying some sort of information. . Since such.
electronic devices can increase a viewing angle, display with a little visual change from
any angles can be performed. Further, in order to improve the viewing angle, even
when one pixel is divided into a plurality of sub-pixels and different signal voltages are
applied to each sub-pixel in order for improving the viewing angle, increase of a circuit
scale or increase of driving speed of a circuit for driving the sub-pixel are not caused.
As the result, reduction in power consumption and reduction in manufacturing cost can
be realized. Moreover, an accurate signal can be input to each sub-pixel, so that

quality of still image display can be improved. Furthermore, since a black image can
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be displayed in an arbitrary timing without adding a special circuit and changing a
structure, quality of moving image display can be improved.
[0432] -

Although this embodiment mode is described with reference to various
drawings, the .contents (or may be part of the contents) described in each drawing can be
freely applied to, combined with, or replaced with the contents (or may be part of the
contents) described in another drawing and the contents (or may be part of the contents)
described in a drawing in another embodiment mode. Further, in the above described
drawings, each part can be combined with another part or with another part of another

embodiment mode.

This application is based on Japanese Patent Application serial No.
2007-308858 filed with Japan Patent Office on November 29, 2007, the entire contents

of which are hereby incorporated by reference.
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CLAIMS

1. A liquid crystal display device comprising a plurality of pixels, each of the
plurality of pixels comprising: '

a first liquid crystal element;

a second liquid crystal element;

a capzicitor element; and

a circuit,

wherein the circuit is configured to electrically connect a first wiring and one
of the first liquid crystal element and the second liquid crystal element so that a first
voltage is applied to the capacitor element and one of the first liquid crystal element and
the second liquid crystal element; |

wherein the circuit configured to switch between a first state in which the first
liquid crystal element and the capacitor element are electrically connected and the
second liquid crystal element and the capacitor element are electricélly disconnected,
and a second state in which the first liquid crystal element and the capacitor element are
electrically disconnected and the second liquid crystal element and the capacitor
element are electrically connected; and

wherein the circuit is configured to electrically connect the first liquid crystal
element, the second liquid crystal element, the capacitor element, and a second wiring
so that a second voltage is applied to the first liquid crystal element, the second liquid

crystal element, and the capacitor element.

2. A liquid crystal display device comprising a plurality of pixels, each of the
plurality of pixels comprising: .

a first liquid crystal element;

a second liquid crystal element;

a capacitor element; and

a circuit,

wherein the circuit is configured to electrically connect the first liquid crystal

element, the second liquid crystal element, and a first wiring so that a first voltage is
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applied to the first liquid crystal element and the second liquid crystal element;

wherein the circuit is configured to switch between a first state in which the
first liquid crystal element and the capacitor element are electrically connected and the
second liquid crystal element and the capacitor element are electrically disconnected,
and a second state in which the first liquid crystal element and the capacitor element are
electrically disconnected and the second liquid crystal element and the capacitor
.element are electrically connected; and

wherein the circuit is configured to electrically connect the first liquid crystal
element, the second liquid crystal element, the capacitor element, and a second wiring
so that a second voltage is applied to the first liquid crystal element, the second liquid

crystal element, and the capacitor element.

3. A liquid crystal display device comprising a plurality of pixels, each of the
plurality of pixels comprising; '

a first liquid crystal element;

a second liquid crystal element;

a capacitor element; and

a circuit,

wherein the circuit is configured to connect the first liquid crystal element, the
second liquid crystal element, the capacitor element and a first wiring so that a first
voltage is applied to the first liquid crystal element, the second liquid crystal element,
and the capacitor element;

wherein the circuit is configured to switch between a first state in which the
first liquid crystal element and the capacitor element are electrically connected and the
second liquid crystal element and the capacitor element are electrically disconnected,
and a second state in which the first liquid crystal element and the capacitor element are
electrically disconnected and the second liquid crystal element and the capacitor
element are electrically connected; and

wherein the circuit is configured to electrically connect the capacitor element

and a second wiring so that a second voltage is applied to the capacitor element.

4. A liquid crystal display device comprising a plurality of pixels, each of the
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plurality of pixels comprising:

a first liquid crystal element;

a second liquid crystal element;

a first switch;

a capacitor element;

a second switch;

a third switch; and

a fourth switch,

wherein one terminal of the first switch is configured to be electrically
connected to a second wiring;

wherein one terminal of the second switch is configured to be electrically
connected to the other terminal of the first switch and the capacitor element, and the
other terminal of the second switch is configured to be electrically connected to the first
liquid crystal element;

| wherein one terminal of the third switch is configured to be electrically

connected to the other terminal of the first switch and the capaciior clement, and the
other terminal of the third switch is configured to be electrically connected to the second
liquid crystal element; and

wherein a terminal of the fourth switch is electrically connected to the other
terminal of the first switch and the capacitor element, and the other terminal of the

fourth switch is electrically connected to a first wiring.

5. Aliquid crystal display device comprising:
a plurality of pixels, each of the plurality of pixels comprising:
a first liquid crystal element;
a second liquid crystal element;
a first switch;
a capacitor element;
a second switch;
a third switch; and
a fourth switch,

wherein one terminal of the first switch is configured to be electrically
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connected to a second wiring;
wherein one terminal of the second switch is configured to be
electrically connected to the other terminal of the first switch and the capacitor element,
and the other terminal of the second switch is configured to be electrically connected to
the first liquid crystal element;
wherein one terminal of the third switch is configured to be
electrically connected to the other terminal of the first switch and the capacitor element,
and the other terminal of the third switch is configured to be electrically connected to
the second liquid crystal element; and
wherein one terminal of the fourth switch is configured to be
electrically connected to the other terminal of the first switch and the capacitor element,
and the other terminal of the fourth switch is configured to be electrically connected to a
first wiring;
a first scan line;
a second scan line;
a third scan line; and
a fourth scan line,
wherein the first scan line is configured to control the first switch by a signal
which controls an applying state of voltage for driving the first liquid crystal element
and the second liquid crystal element;
wherein the second scan line is configured to control the second switch by a
signal which controls an electrical connection between the capacitor element and the
first liquid crystal element;
wherein the third scan line is configured td control the third switch by a signal
which controls an electrical connection between the capacitor element and the second
liquid crystal element; and
wherein the fourth scan line is configured to control the fourth switch by a
signal which controls an electrical connection between the capacitor element and the

first wiring.

6. The liquid crystal display device according to claim 4 or 5, wherein each of

the first switch to the fourth switch is formed using a thin film transistor.
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7. The liquid crystal display device according to any one of claims 1 to 5,
wherein each of the first liquid crystal element and the second liquid crystal element
includes a pixel electrode, a common electrode, a liquid crystal which is controlled by

the pixel electrode to the common electrode.

8. An electronic device comprising a liquid crystal display device according to

any one of claims 1 to 5.
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EXPLANATION OF REFERENCE

10: first circuit; 11: first wiring; 12: second wiring; 13: third wiring; 21:
fourth wiring; 22: ﬁft_h wiring; 23: sixth wiring; 31: first liquid crystal
element; 32: second liquid crystal element; 33: third liquid crystal element;
41: first sub—pixel; 42: second sub—pixel; 43: third sub—pixel; 50: capacitor
element; 51: capacitor element; 52: capacitbr element; 60: second circuit;
71: sixth wiring; 72: seventh wiring; 90: reset circuit; 101: first wiring; 102:
second wiring; 103: third wiring; 104 fourth wiring; 105: fifth wiring; 106:
sixth wiring; 107: seventh wiring; 108: eighth wiring; 109: ninth wiring; 110:
tenth wiring; 111: eighth wiring; 121: first current control circuit; 122:
second current control circuit; 131: first current drive display element;
132: second current drive display element; 141: first anode line: 142:
second anode line; 151: first cathode line; 152: second cathode line; 160:
switch; 161: switch; 162: switch; 170: capacitor element; 171: capacitor
element; 180: wiring; 181: wiring; 200: display panel; 201: display portion:
202: connection point; 203: connection substrate; 211: first scan driver;
212 sécond scan driver; 213: third scan driver; 214: fourth scan driver;
221: data driver; 231: peripheral driver circuit; 232: peripheral driver
circuit; 233: peripheral driver circuit; 234: peripheral driver circuit; 121a:
electrode; 121b: electrode; 121c: electrode; 122a: electrode; 122b:
electrode; 122c: electrode; 7001: transistor; 7002: transistor; 7003:
transistor; 7004: transistor; 7005: transistor; 7006: transistor; 7011:

substrate; 7012: insulating film; 7013: semiconductor layer; 7014:
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semiconductor layer; 7015: semiconductor layer; 7016: insulating film;
7017: gate electrode; 7018: insulating film; 7019: insulating film; 7021:
sidewall; 7022: mask; 7023: conductive film; 7024: insulating film; 7031:
substrate; 7032: insulating film; 7033: conductive layer; 7033: conductive
layer; 7034: conductive layer; 7035: conductive layer; 7036:
semiconductor layer; 7037: semiconductor layer; 7038: semiconductor
layer; 7039: insulating film; 7040: insulating film; 7041: conductive layer;

7042: conductive layer; 7048: transistor; 7049: capacitor element; 7051:

. substrate; 7052: insulating film; 7053: conductive layer; 7054: conductive

layer; 7055: insulating film; 7056: semiconductor layer; 7057:
semiconductor layer; 7058: semiconducfor layer; 7059: conductive layer;
7060: conductive layer; 7061: conductive layer; 7068: transistor; 7069:
capacitor element; 7071: substrate; 7072: insulating film; 7073: conductive
Iayerf 7074: conductive layer; 7075: insulating film; 7076: semiconductor
Iayer, 7077: semiconductor layer; 7078: semiconductor layer: 7079:
conductive layer; 7080: conductive layer; 7081: conductive layer; 7082:
insulating film; 7088: transistor; 7089: capacitor element; 7091: substrate;
7092: insulating film; 7093: conductive layer; 7094: conductive layer; 7095:
impurity region; 7096: impurity region; 7097: impurity region; 7098: LDD

region; 7099: LDD region; 7100: channel formation region; 7101: insulating .

~ film; 7102: conductive layer; 7103: conductive layer; 7104: insulating film;

7108: transistor; 7109: capacitor element; 7110; semiconductor substrate:
7111: insulating film; 7112: region; 7113: region; 7114: p-well; 7121:

insulating film; 7122: insulating film; 7123: conductive film; 7124:
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conductive film; 7130: gate electrode; 7131: gate electrode; 7132: resist
mask; 7133: channel formation region; 7134: impurity region; 7135: resist
mask; 7136: channel formation region; 7137: impurity region; 7138:
insulating film; 7139: wiring; 9630: housing; 9631: display portion; 9633:
speaker; 9635: operation key; 9636: connection terminal; 9638:
' microphone; 9672: recording medium reading portion; 9676: shutter
button; 9677: image receiving portion; 9680: external connections port;

and 9.681: pointing device.
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