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(57) Abstract: It is an object to provide a semiconduc-
tor device which can supply a signal with sufficient
amplitude to a scan line while power consumption is
kept small. Further, it is an object to provide a semi-
conductor device which can suppress distortion of a
signal supplied to the scan line and shorten a rising
time and a falling time while power consumption is
kept small. A semiconductor device which includes a
plurality of pixels each including a display element and
at least one first transistor and a scan line driver circuit
supplying a signal for selecting the plurality of pixels
to a scan line. A light-transmitting conductive layer is
used for a pixel electrode layer of the display element,
a gate electrode layer of the first transistor, source and
drain electrode layers of the first transistor, and the
scan line. The scan line driver circuit includes a second
transistor and a capacitor for holding a voltage between
a gate electrode layer of the second transistor and a
source electrode layer of the second transistor. The
source electrode of the second transistor is connected
to the scan line.
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DESCRIPTION

SEMICONDUCTOR DEVICE

TECHNICAL FIELD
[0001]

This invention is related to an active matrix semiconductor device.

BACKGROUND ART
[0002]

In an active matrix display device, a plurality of scan lines are led to intersect with a
plurality of signal lines in a row direction and a column direction, and pixels each including a
transistor, a pixel electrode, and a storage capacitor are provided at the intersections. The
pixels are controlled by the plurality of scan lines which sequentially drives the pixels and the
plurality of signal lines which supplies display signals to pixel electrodes. The scan line is
connected to a scan line driver circuit for controlling the scan line. The signal line is
connected to a signal line driver circuit for controlling the signal line. In order to control a
plurality of pixels sequentially, the scan line driver circuit includes as many output terminals
as the scan lines. The signal line driver circuit includes as many output terminals as the
signal lines.

[0003]

Note that, in recent years, a display device has come to have high definition and to
be larger in size, and it is a problem that power consumption is increased as the number of
scan lines and signal lines are increased. Meanwhile, reduction in power consumption is
highly needed. A technique in which power consumption is reduced by reduction of the
number of outputs of an external driver circuit is disclosed.

[0004]
Specifically, there is a technique described in Patent Document 1 below: a plurality

of scan line switching element and a scan line driver circuit including a scan line driver IC
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2
and a scan line signal branch circuit are manufactured, whereby the number of output
terminals of the scan line driver IC, so that driving of low power consumption can be realized
and the duty ratio of the scan line switching element can be reduced to improve reliability.
[Reference]
{0005]
[Patent Document 1] Japanese Published Patent Application No. 2002-311879

DISCLOSURE OF INVENTION

[0006])

In the conventional technique, in the case where a unipolar scan line switching
element is employed, the amplitude of a scan line selection signal is often smaller than that of
an output signal of a scan line driver circuit by the threshold voltage (Vth) of the scan line
switching element (the scan line selection signal = the output signal of the scan line driver
circuit — Vth of the scan line switching element) when an output signal of a scan line driver
circuit is supplied to a scan line through a scan line switching element. A transistor can be
used as the scan line switching element, for example; here, the scan line switching element is
described as a transistor.

[{0007]

The output signal of the scan line driver circuit is inputted to a gate electrode of the
transistor and one of source and drain electrodes, which decrease the amplitude of the output
signal of the scan line driver circuit by the Vth of the transistor (such a signal is a scan line
selection signal). For example, the output signal of the scan line driver circuit is inputted to
the gate electrode of the transistor and one of the source and drain electrodes, and the
transistor is turned on. Since the transistor is turned on, the potential of the other of the
source and drain electrodes is changed so as to be the same as the potential of the output
signal of the scan line driver circuit. However, a voltage Vgs between the gate electrode and
the source electrode of the transistor sometimes becomes Vth before the potential of the other
of the source and drain electrodes becomes the same as that of the outpht signal of the scan

line driver circuit. In this case, since the transistor is turned off, the potential of the other of
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3
the source and drain electrodes stops changing, which results in making the amplitude of a
scan line selection signal supplied to the scan line smaller than that of the output signal of the
scan line driver circuit by of the transistor.
[0008]

In another example, a scan line selection signal is sometimes distorted. Further, a
rising time and a falling time of the scan line selection signal are sometimes long. The
above reason brings these phenomena. For example, an output signal of the scan line driver
circuit is inputted to the gate electrode of the transistor and one of the source and drain
electrodes and the transistor is turned on.  Since the transistor is turned on, the potential of
the other of the source and drain electrodes is changed so as to be the same as that of the
output signal of the scan line driver circuit. At that time, Vgs of the transistor sometimes
becomes small in accordance with a change of the potential of the other of the source and
drain electrodes of the transistor, so that the scan line selection signal is often distorted and a
rising time and a falling time often become long.

[0009]

In order to solve the above problem, a signal with higher amplitude than an output
signal of the scan line driver circuit or a power supply voltage is additionally needed but it
causes an increase in power consumption.

[0010]

It is an object to provide a semiconductor device which can supply a signal with
sufficient amplitude to a scan line while power consumption is kept small. Further, it is an
object to provide a semiconductor device which can suppress distortion of a signal supplied to
the scan line and can make a rising time and a falling time shorten while power consumption
is kept small.

[0011]

An embodiment of this invention is a semiconductor device including a display
element, a plurality of pixels each including at least one transistor, a scan line driver circuit
for supplying a signal for selecting a specific pixel from among the plurality of pixels to a

scan line. A pixel electrode layer of the display element, a gate electrode layer of a transistor,
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source and drain electrode layers of the transistor, and a scan line are formed using a
light-transmitting conductive layer. The scan line driver circuit includes a transistor and a
capacitor for holding voltage between the gate electrode layer and the source electrode layer
of the transistor. The source electrode layer of the transistor is connected to the scan line.
[0012]

An embodiment of this invention is a semiconductor device including a display
element, a plurality of pixels each including at least one first transistor, and a scan line driver
circuit supplying a signal for selecting a specific pixel from among the plurality of pixels to a
scan line. A pixel electrode layer of the display element, a gate electrode layer of the first
transistor, source and drain electrode layers of the transistor, and the scan line are formed
using a light-transmitting conductive layer. A scan line driver circuit includes a second
transistor, a capacitor for holding voltage between a gate electrode layer of the second
transistor and a source electrode layer of the second transistor, and a third transistor for
controlling connection between the gate electrode layer of the second transistor and a ground
electrode. The source electrode of the second transistor is connected to the scan line.

[0013]

An embodiment of this invention enables a signal with sufficient amplitude to be
supplied to a scan line by bootstrap operation. Further, an embodiment of this invention can
suppress distortion of a signal and shorten a rising time and a falling time. Furthermore, an
embodiment of this invention does not need to have a power supply voltage which is higher

than the voltage of an input signal, which results in low power consumption driving.

BRIEF DESCRIPTION OF DRAWINGS

[0014]

In the accompanying drawings:

FIGS. 1A to 1F are cross-sectional views illustrating Embodiment 1;

FIGS. 2A and 2C are cross-sectional views and FIGS. 2B-1 and 2B-2 are plan views
each illustrating Embodiment 1;

FIGS. 3A-1 and 3A-2 are plan views and FIGS. 3B and 3C are cross-sectional views
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each illusirating Embodiment 1;

FIGS. 4A to 4E are cross-sectional views illustrating Embodiment 2;

FIGS. 5A to 5E are cross-sectional views illustrating Embodiment 2;

FIG. 6A is a circuit diagram and FIG 6B is a timing chart each illustrating
Embodiment 3;

FIG. 7A is a circuit diagram and FIG 7B is a timing chart each illustrating
Embodiment 4;

FIG. 8 is a circuit diagram for illustrating Embodiment 5;

FIG. 9 is a circuit diagram for illustrating Embodiment 6;

FIG. 10 is a circuit diagram for illustrating Embodiment 7;

FIG. 11 is a circuit diagram for illustrating Embodiment 8;

FIG. 12 is a circuit diagram for illustrating Embodiment 9;

FIG. 13 is a timing chart illustrating Embodiment 9;

FIG. 14A s a top view of a liquid crystal display device and FIGS. 14B and 14C are
cross-sectional views of the liquid crystal display device;

FIGS. 15A and 15B are cross-sectional views of a light-emitting element display
device;

FIGS. 16A and 16B are cross-sectional views of an electronic paper;

FIGS. 17A to 17H are diagrams each illustrating an example of an actual product;

FIGS. 18A to 18H are diagrams each illustrating an example of an actual product;
and

FIG. 19 is a cross-sectional view illustrating Embodiment 1.

BEST MODE FOR CARRYING OUT THE INVENTION
[0015]

Embodiments of this invention will be described with reference to the drawings.
Note that this invention is not limited to the following description, and it will be easily
understood by those skilled in the art that various changes and modifications can be made

without departing from the spirit and scope of this invention. Thus, this invention should
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not be interpreted as being limited to the following description of the embodiments.
[0016]
[Embodiment 1]

A semiconductor device and ﬁ manufacturing method of the semiconductor device
will be described with reference to FIGS. 1A to 1F and FIGS. 2A, 2B-1, 2B-2,and 2C. FIG
2A illustrates an example of a cross-sectional structure of two thin film transistors which have
different structures from each other and are formed over the same substrate. FIG 2A
illustrates a thin film transistor 1470 of a channel-etched type which is one of bottom gate
structures and a thin film transistor 1460 of a bottom-contacted type (an inverted coplanar
type) which is one of bottom gate structures.

[0017]

FIG. 2B-1 is a plan view of the channel-etched thin film transistor 1470 provided in a
driver circuit. FIG 2A is a cross-sectional view taken along line C1-C2 in FIG 2B-1. In
addition, FIG. 2C is a cross-sectional view taken along line C3-C4 in FIG. 2B-1.

(0018] |

The thin film transistor 1470 provided in the driver circuit is a channel-etched thin
film transistor and includes a gate electrode layer 1401; a first gate insulating layer 1402a; a
second gate insulating layer 1402b; an oxide semiconductor layer including at least a channel
formation region 1434, a first high resist drain region 1431, and a second high resist drain
region 1432; a source electrode layer 1405a; and a drain electrode layer 1405b over a
substrate 1400 having an insulation surface. Further, an oxide insulating layer 1407 is
provided so as to cover the thin film transistor 1470 and to be in contact with the channel
formation region 1434.

[0019]

The first high resist drain region 1431 is formed in a self-aligned manner in contact
with a bottom surface of the source electrode layer 1405a. Further, the second high resist
drain region 1432 is formed in a self-aligned manner in contact with a bottom surface of the
drain electrode layer 1405b. In addition, the channel formation region 1434 is in contact

with the oxide insulating layer 1407, has thin thickness, and is a region with higher resist (an I



10

15

20

25

WO 2011/010546 PCT/JP2010/061367

7
type region) than that of the first high resist drain region 1431 and that of the second high
resist drain region 1432.
[0020]

In addition, in the thin film transistor 1470, it is preferable that a metal material be
used for the source electrode layer 1405a and the drain electrode layer 1405b in order to make
wirings have low resistance.

[0021]

In addition, when a pixel portion and a driver circuit are formed over the same
substrate in the liquid crystal display device, in the driver circuit, only one of positive polarity
and negative polarity is applied between the source and drain electrodes of a thin film
transistor for constituting a logic gate such as an inverter circuit, a NAND circuit, a NOR
circuit, and a latch circuit or a thin film transistor for constituting an analog circuit such as a
sense amplifier, a constant voltage generating circuit, and a VCO. Therefore, the width of
the second high resist drain region 1432 which needs to withstand voltage may be designed to
be larger than that of the first high resist drain region 1431. Further, the width of the gate
electrode layer overlapping with the first high resist drain region 1431 and the second high
resist drain region 1432 may be large.

[0022]

Further, the thin film transistor 1470 provided in the driver circuit is described with
use of a single gate thin film transistor; however, a multi gate thin film transistor including a
plurality of channel formation regions can be uséd as necessary.

[0023]

Further, a conductive layer 1406 is formed over the channel formation region 1434
to overlap therewith. The conductive layer 1406 is electrically connected to the gate
electrode layer 1401 and has the same potential as the gate electrode layer 1401, so that a gate
voltage can be applied from the upper and lower sides of the oxide semiconductor provided
between the gate electrode layer 1401 and the conductive layer 1406. Further, when the
potential of the conductive layer 1406 is different from that of the gate electrode layer 1401

and is, for example, a fixed potential, GND, and O V, the electrical characteristics of the thin
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film transistor such as a threshold voltage can be controlled.
[0024]

In addition, a protection insulating layer 1408 and a planarizing insulating layer
1409 are stacked between the conductive layer 1406 and the oxide insulating layer 1407.
[0025]

Further, it is preferable to use a structure in which the protection insulating layer
1408 is in contact with the first gate insulating layer 1402a provided below the protection
insulating layer 1408 or an insulating layer serving as a base and which prevents an impurity
such as moisture, a hydrogen ion, and OH™ from entering the oxide semiconductor layer from
the side direction. In particular, when the first gate insulating layer 1402a or the insulating
film serving as a base in contact with the protection insulating layer 1408 is a silicon nitride
film, the effect is enhanced.

[0026]

Note that FIG. 2B-2 is a plan view of the bottom-contacted thin film transistor 1460
provided in a pixel. FIG. 2A is a cross-sectional view taken along line D1-D2 in FIG. 2B-2.
Further, FIG. 2C is a cross-sectional view taken along line D3-D4 in FIG. 2B-2.

[0027]

The thin film transistor 1460 provided in the pixel is a bottom-contacted thin film
transistor and includes a gate electrode layer 1451, the first gate insulating layer 1402a, the
second gate insulating layer 1402b, an oxide semiconductor layer 1454 including a channel
formation region, a source electrode layer 1455a, and a drain electrode layer 1455b over the
substrate 1400 having an insulation surface. Further, an oxide insulating layer 1407 is
provided so as to cover the thin film transistor 1460 and to be in contact with a top surface
and a side surface of the oxide semiconductor layer 1454.

[0028]

Note that an AC drive is performed in a liquid crystal display device in order to
prevent deterioration of liquid crystal. The AC drive allows the polarity of a signal potential
applied to a pixel electrode layer to be inverted to be negative or positive at regular intervals

of time. In a thin film transistor connected to the pixel electrode layer, a pair of electrodes
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functions alternately as a source electrode layer and a drain electrode layer respectively. In
this specification, one of thin film transistors of a pixel is referred to as a source electrode

layer and the other is a drain electrode layer in convenience; actually, in the AC drive, one of

_electrodes functions as a source electrode layer and a drain electrode layer, alternately. In

addition, in order to reduce leakage current, the width of the gate electrode layer 1451 of the
thin film transistor 1460 provided in the pixel can be smaller than that of the gate electrode
layer 1401 of the thin film transistor 1470 of the driver circuit. In addition, in order to
reduce leakage current, the gate electrode layer 1451 of the thin film transistor 1460 provided
in the pixel may be designed not to overlap with the source electrode layer 1455a or the drain
electrode layer 1455b.

[0029]

Further, the thin film transistor 1460 provided in the pixel is described with use of a
single gate thin film transistor; however, a multi gate thin film transistor including a plurality
of channel formation regions can be used as necessary.

[0030]

Further, heat treatment is performed on the oxide semiconductor layer 1454 in order
to reduce impurities such as moisture (heat treatment for dehydration and dehydrogenation)
after at least an oxide semiconductor film is formed. After heat treatment for dehydration
and dehydrogenation and slow cooling, the oxide insulating layer 1407 is formed in contact
with the oxide semiconductor layer 1454 to reduce the carrier concentration of the oxide
semiconductor layer 1454, which leads to improvement of the electrical characteristics and
reliability of the thin film transistor 1460.

[0031]

Note that the oxide semiconductor layer 1454 is formed over and partly overlaps
with the source electrode layer 1455a and the drain electrode layer 1455b. Further, the
oxide semiconductor layer 1454 overlaps with the gate electrode layer 1451 with the first gate
insulating layer 1402a and the second gate insulating layer 1402b therebetween. The
channel formation region of the thin film transistor 1460 provided in the pixel is a region

where the oxide semiconductor layer 1454 is sandwiched between a side surface of the source
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electrode layer 1455a and the side surface of the drain electrode layer 1455b which faces the
side surface of the source electrode layer 1455a, that is, a region which is in contact with the
second gate insulating layer 1402b and overlaps with the gate electrode layer 1451.
[0032]

In addition, in order that a display device of which the aperture ratio is high may be
realized using a light-transmitting thin film transistor as the thin film transistor 1460, a
light-transmitting conductive film is used for the source electrode layer 1455a and the drain
electrode layer 1455b.

[0033]

Further, a light-transmitting conductive film is also used for the gate electrode layer
1451 of the thin film transistor 1460.

[0034]

Furthermore, in the pixel provided with the thin film transistor 1460, a conductive
film having a light-transmitting property with respect to visible light is used as a pixel
electrode layer 1456, the other electrode layer (such as a capacitor electrode layer), or the
other wiring layer (such as a capacitor wiring layer); therefore, a display device with a high
aperture ratio is realized. Needless to say, it is preferable that a conductive film having a
light-transmitting property with respect to visible light also be used for the gate insulating
layer 1402a, the gate insulating layer 1402b, and the oxide insulating layer 1407.

[0035]

In this specification, a film having a light-transmitting property with respect to
visible light is a film with a thickness of which transmittance is 75% or more and 100% or
less with respect to visible light. When the film is conductive, the film is also referred to as
a transparent conductive film. In addition, a conductive film which is semi-transmissive
with respect to visible light may be used for a gate electrode layer, a source electrode layer, a
drain electrode layer, a pixel electrode layer, the other electrode layer, or a metal oxide
applied to the other wiring layer. The words "semi-transmissive with respect to visible
light" means that the transmittance of visible light is 50% or more and 75% or less.

[0036]



10

15

20

25

WO 2011/010546 PCT/JP2010/061367

11

Manufacturing process of the thin film transistor 1470 and the thin film transistor
1460 which are formed over the same substrate is described below with reference to FIGS.
1Ato 1F, and FIG. 2A.

[0037]

First, a light-transmitting conductive film is formed over the substrate 1400 having
an insulation surface; then, the gate electrode layers 1401 and 1451 are formed by a first
photolithography process. In addition, in a pixel portion, a capacitor wiring layer is formed
by the same first photolithography process using a light-transmitting material which is the
same material as the gate electrode layers 1401 and 1451. Further, when the driver circuit
needs a capacitor, a capacitor wiring layer is formed not only in the pixel portion but also in
the driver circuit. Note that a resist mask may be formed by an ink jet method. When a
resist mask may be formed by an ink jet method, a photomask is not needed; therefore,
manufacturing cost can be reduced.

[0038]

Although there is no particular limitation on a substrate which can be used for the
substrate 1400 having an insulation surface, it is necessary that the substrate have at least
enough heat resistance to withstand heat treatment to be performed later. As the substrate
1400 having an insulating surface, a barium borosilicate glass substrate, an
alumino-borosilicate glass substrate, or a glass substrate whose distortion point is 600 °C to
750 °C can be used.

[0039]

Note that when heat treatment performed later is performed at high temperature, it is
preferable that a glass substrate whose distortion point be 730 °C or more is used as the glass
substrate 1400. Further, for example, a glass material such as aluminosilicate glass,
aluminoborosilicate glass, or barium borosilicate glass is used for the glass substrate 1400.
Note that, in general, a glass substrate contains a larger amount of barium oxide (BaO) than
that of boric acid, whereby a heat-resistant glass substrate which is further practical can be
obtained. Therefore, a glass substrate containing BaO and B,O3 where the amount of BaO

is larger than that of B,0Os is preferably used.
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[0040]
Note that a substrate formed of an insulator such as a ceramic substrate, a quartz
substrate, or a sapphire substrate may be used instead of the glass substrate 1400.

Alternatively, crystallized glass or the like can be used.

[0041]

Note that an insulating film serving as a base film may be provided between the
substrate 1400 and the gate electrode layers 1401 and 1451. The base film has a function of
preventing diffusion of an impurity element from the substrate 1400 and can be formed to
have a single-layer or stacked-layer structure using one or more of a silicon nitride film, a
silicon oxide film, a silicon nitride oxide film, and a silicon oxynitride film.

[0042]

A conductive material having a light-transmitting property with respect to visible
light such as an In-Sn-Zn-O-based metal oxide, an In-Al-Zn-O-based metal oxide, an
Sn-Ga-Zn-O-based metal oxide, an Al-Ga-Zn-O-based metal oxide, an Sn-Al-Zn-O-based
metal oxide, an In-Zn-O-based metal oxide, an Sn-Zn-O-based metal oxide, an
Al-Zn-O-based metal oxide, an In-O-based metal oxide, an Sn-O-based metal oxide, and a
Zn-O-based metal oxide can be used as a material of the gate electrode layers 1401 and 1451.
The thickness of the gate electrode layers 1401 and 1451 is appropriately selected in the range
of 50 nm to 300 nm. As a deposition method of a metal oxide used for the gate electrode
layers 1401 and 1451, a sputtering method, a vacuum evaporation method (an electron beam
evaporation method), an arc ion plating method, or a spray method is used. Note that when
a sputtering method is used, deposition is performed using a target including SiO; at 2 percent
by weight or more and 10 percent by weight or less and a light-transmitting conductive film is
made to include SiOx (X>0) which suppresses crystallization, so that crystallization can be
suppressed when heat treatment is performed for dehydration and dehydrogenation performed
in a later process.

[0043]
Next, a gate insulating layer is formed over the gate electrode layers 1401 and 1451.

[0044]
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The gate insulating layer can be formed by a single layer or a stacked layer of a
silicon oxide layer, a silicon nitride layer, a silicon oxynitride layer, or a silicon nitride oxide
layer and by a plasma CVD method or a sputtering method. For example, a silicon
oxynitride layer may be formed by a plasma CVD method using a deposition gas containing
SiH4, oxygen, and nitrogen.

[0045]

In this embodiment, a gate insulating layer is a stacked layer of the first gate
insulating layer 1402a with a thickness of 50 nm or more and 200 nm or less and the second
gate insulating layer 1402b with a thickness of 50 nm or more and 300 nm or less. A ssilicon
nitride film or a silicon nitride oxide film with a thickness of 100 nm is used as the first gate
insulating layer 1402a. Further, a silicon oxide film with a thickness of 100 nm is used as
the second gate insulating layer 1402b.

[0046]

Next, after a light-transmitting conductive film is formed over the second gate
insulating layer 1402b, the source electrode layer 1455a and the drain electrode layer 1455b
are formed by a second photolithography process (see FIG. 1A). As a deposition method of
the light-transmitting conductive film, a sputtering method, a vacuum evaporation method (an
electron beam evaporation method), an arc ion plating method, or a spray method is used. A
conductive material having a light-transmitting property with respect to visible light such as
an In-Sn-Zn-O-based metal oxide, an In-Al-Zn-O-based metal oxide, an Sn-Ga-Zn-O-based
metal oxide, an Al-Ga-Zn-O-based metal oxide, an Sn-Al-Zn-O-based metal oxide, an
In-Zn-O-based metal oxide, an Sn-Zn-O-based metal oxide, an Al-Zn-O-based metal oxide,
an In-O-based metal oxide, an Sn-O-based metal oxide, and a Zn-O-based metal oxide can be
used as a material of the conductive film. The thickness of the conductive film is
appropriately selected in the range of 50 nm to 300 nm. Note that when a sputtering method
is used, deposition is performed using a target including SiO; at 2 percent by weight or more
and 10 percent by weight or less and a light-transmitting conductive film is made to include
SiOx (X>0) which suppresses crystallization, so that crystallization can be suppressed when

heat treatment is performed for dehydration and dehydrogenation performed in a later
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process.
[0047]

Note that a resist mask for forming the source electrode layer 1455a and the drain
electrode layer 1455b may be formed by an ink jet method. When a resist mask may be
formed by an ink jet method, a photomask is not needed; therefore, manufacturing cost can be
reduced.

[0048]

Next, an oxide semiconductor film with a thickness of 2 nm or more and 200 nm or
less is formed over the second gate insulating layer 1402b, the source electrode layer 1455a,
and the drain electrode layer 1455b. The thickness is preferably 50 nm or less in order that
the oxide semiconductor layer may be amorphous even when heat treatment for dehydration
and dehydrogenation is performed after the oxide semiconductor film is formed. Thin
thickness of the oxide semiconductor layer can suppress crystallization when heat treatment is
performed after the oxide semiconductor layer is formed.

[0049]

Note that before the oxide semiconductor film is formed by a sputtering method,
dust on a surface of the second gate insulating layer 1402b is preferably removed by reverse
sputtering in which an argon gas is introduced and plasma is generated. The reverse
sputtering refers to a method in which, without application of voltage to a target side, an RF
power source is used for application of voltage to a substrate side in an argon atmosphere to
generate plasma in a vicinity of the substrate to modify a surface. Note that nitrogen, helium,
oxygen, or the like may be used instead of an argon atmosphere.

[0050]

The following film is used for the oxide semiconductor film: an In-Ga-Zn-O-based
non-single-crystal  film; an In-Sn-Zn-O-based oxide semiconductor film, an
In-Al-Zn-O-based oxide semiconductor film, a Sn-Ga-Zn-O-based oxide semiconductor film,
an Al-Ga-Zn-O-based oxide semiconductor film, a Sn-Al-Zn-O-based oxide semiconductor
film, an In-Zn-O-based oxide semiconductor film, an Sn-Zn-O-based oxide semiconductor

film, an Al-Zn-O-based oxide semiconductor film, an In-O-based oxide semiconductor film, a
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Sn-O-based oxide semiconductor film, and a Zn-O-based oxide semiconductor film. In this
embodiment, the oxide semiconductor film is férmed by a sputtering method with use of an
In-Ga-Zn-0O-based oxide semiconductor target. Alternatively, the oxide semiconductor film
can be formed by a sputtering method under a rare gas (typically argon) atmosphere, an
oxygen atmosphere, or an atmosphere including a rare gas (typically argon) and oxygen.
Note that when a sputtering method is used, deposition is performed using a target including
SiO; at 2 percent by weight or more and 10 percent by weight or less and the oxide
semiconductor film is made to include SiOx (X>0) which suppresses crystallization, so that
crystallization can be suppressed when heat treatment is performed for dehydration and
dehydrogenation performed in a later process.

[0051] |

Next, the oxide semiconductor film is processed into an island-shape oxide
semiconductor layer by a third photolithography process. Note that in order to obtain the
oxide semiconductor layer overlapping with the source electrode layer 1455a and the drain
electrode layer 1455b, materials and conditions of etching are adjusted as appropriate in case
the source electrode layer 1455a and the drain electrode layer 1455b should be removed in
etching of the oxide semiconductor layer. Note that a resist mask for forming the
island-shape oxide semiconductor layer may be formed by an ink jet method. When a resist
mask may be formed by an ink jet method, a photomask is not needed; therefore,
manufacturing cost can be reduced.

[0052]

Next, dehydration and dehydrogenation of the oxide semiconductor layer is
performed. Temperature in first heat treatment at which dehydration and dehydrogenation is
perfonned is 350 °C or more and less than a distortion point of a substrate, or more preferably
400 °C or more. Here, the substrate is introduced into an electric furnace which is one of
heat treatment devices and heat treatment is performed on the oxide semiconductor layer
under a nitrogen atmosphére. Then, reentrance of water or hydrogen to the oﬁide
semiconductor is prevented without exposure to the air. Thus, oxide semiconductor layers

1403 and 1453 are obtained (see FIG. 1B). In this embodiment, the same furnace is used
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from heating temperature T at . which dehydration and dehydrogenation of the oxide
semiconductor layer is performed to temperature which is enough to prevent reentrance of
water. Specifically, the substrate is cooled slowly until temperature becomes less than
heating temperature T by 100 °C or more under a nitrogen atmosphere. Note that this
embodiment is not limited to a nitrogen atmosphere. Dehydration and dehydrogenation can
be performed under helium, neon, argon, or the like or under reduced pressure.

[0053]

Note that at the first heat treatment, it is preferable that nitrogen or rare gas such as
helium, neon, or argon do not include water, hydrogen, or the like. Alternatively, it is
preferable that purity of nitrogen or rare gas such as helium, neon, or argon be 6N
(99.9999%) or more, more preferably 7N (99.99999%) or more (i.e., impurity concentration
be 1 ppm or less, more preferably, 0.1 ppm or less).

[0054]

Further, the oxide semiconductor film is crystallized and can be a micro crystal film
or a polycrystalline film depending on a condition of the first heat treatment or a material of
oxide semiconductor layer.

[0055]

Further, the first heat treatment of the oxide semiconductor layer can be performed
on the oxide semiconductor film before the oxide semiconductor film is processed into an
island-shape oxide semiconductor layer. In that case, the substrate is taken out from a
heating device after the first heat treatment; then, a photolithography process is performed.
[0056]

Furthermore, it is acceptable that heat treatment (heating temperature is 400 °C or
more and less than a distortion point of the substrate) be performed under an inert gas
atmosphere (nitrogen, helium, neon, argon, or the like), an oxygen atmosphere, or reduced
pressure before deposition of the oxide semiconductor film and the oxide semiconductor layer
be a gate insulating layer in which an impurity such as hydrogen and water are removed.
[0057]

Next, a metal conductive film is formed over the second gate insulating layer 1402b,
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a resist mask 1436 is formed by a fourth rphotolithography process, and etching is selectively
performed, so that a metal electrode layer 1435 is formed (see FIG. 1C). As the material of
the metal conductive film, an element selected from Al, Cr, Cu, Ta, Ti, Mo, and W, an alloy
containing any of these elements as a component, an alloy containing these elements in
combination, and the like can be used.
[0058]

As the metal conductive film, it is preferable to use a stacked layer of three layers
where an aluminum layer are formed over a titanium layer and a titanium layer is formed over
the aluminum layer or where an aluminum layer is formed over a molybdenum layer and a
molybdenum layer is formed over the aluminum layer. Needless to say, a single layer, a

stacked layer of two layers or a stacked layer of four or more layers can be used as the metal

conductive layer.

[0059]

Note that in order to selectively remove the metal conductive film overlapping with
the oxide semiconductor layer 1453, the source electrode layer 1455a, and the drain electrode
layer 1455b, materials and conditions of etching are adjusted as appropriate in case the oxide
semiconductor layer 1453, the source electrode layer 1455a, and the drain electrode layer
1455b should be removed in etching of the metal conductive film. Note that a resist mask
for forming the metal electrode layer 1435 may be formed by an ink jet method. When a
resist mask may be formed by an ink jet method, a photomask is not needed; therefore,
manufacturing cost can be reduced.

[0060]

Next, the resist mask 1436 is removed, a resist mask 1437 is formed by a fifth
photolithography process, and etching is performed selectively, so that the source electrode
layer 1405a and the drain electrode layer 1405b are formed (see FIG. 1D). Note that at the
fifth photolithography process, only part of the oxide semiconductor layer is etched to form
an oxide semiconductor layer 1433 having a groove (depression). Further, a resist mask for
forming a groove (depression) in the oxide semiconductor layer can be formed by an ink jet

method. When a resist mask used for forming a groove in the oxide semiconductor layer
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may be formed by an ink jet method, a photomask is not needed; therefore, manufacturing
cost can be reduced.
[0061]

Next, the resist mask 1437 is removed, and the oxide insulating layer 1407 is formed
as a protection insulating film in contact with a top surface and a side surface of the oxide
semiconductor layer 1453 and the groove (depression) of the oxide semiconductor layer
1433.

[0062]

The oxide insulating layer 1407 has a thickness of at least 1 nm or more and can be
formed using a method in which an impurity such as water and hydrogen does not enter the
oxide insulating layer 1407 as appropriate, by sputtering method or the like. In this
embodiment, a silicon oxide film whose thickness is 300 nm is deposited by a sputtering
method as the oxide insulating layer 1407. Temperature of a substrate at deposition may be
room temperature or more and 300 °C or less. In this embodiment, temperature of a
substrate at deposition is 100 °C. The silicon oxide film can be formed by a sputtering
method under a rare gas (typically argon) atmosphere, an oxygen atmosphere, or an
atmosphere containing a rare gas (typically argon) and oxygen. In addition, a silicon oxide
target or a silicon target can be used as a target. For example, the silicon oxide film can be
formed using a silicon target by a sputtering method under an atmosphere including oxygen
and nitrogen. As the oxide insulating layer 1407 formed so as to be in contact with a
low-resistance oxide semiconductor layer, an. inorganic film in which an impurity such as
moisture, a hydrogen ion, and OH" is not contained and which prevents such an impurity
from entering the oxide insulating layer from the outside are used; typically, a silicon oxide
film, a silicon nitride oxide film, an aluminum oxide film, an aluminum oxynitride film, or
the like is used.

[0063]

Next, second heat treatment (at 200 °C or more and 400 °C or less, preferably; 250

°C or more and 350 °C or less, for example) are performed under an inert gas atmosphere or

an oxygen gas atmosphere (see FIG. 1E). For example, the second heat treatment is
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performed under a nitrogen atmosphere at 250 °C for one hour. In the second heat treatment,
the groove of the oxide semiconductor layer 1433 and the top surface and the side surface of
the oxide semiconductor layer 1453 are heated in contact with the oxide insulating layer
1407.
[0064]

Through the above process, heat treatment for dehydration and dehydrogenation is
performed on the deposited oxide semiconductor film to lower resistance, and then, a part of

the oxide semiconductor film is selectively made to include excessive oxygen. As a result,

- the channel formation region 1434 overlapping with the gate electrode layer 1401 becomes an

I type and the first high resist drain region 1431 overlapping with the source electrode layer
1405a and the second high resist drain region 1432 overlapping with the drain electrode layer
1405b are formed in a self-aligned manner. Further, the oxide semiconductor layer 1453
overlapping with the gate electrode layer 1451 becomes the oxide semiconductor layer 1454
the whole of which is an I type.

[0065]

Note that the second high resist drain region 1432 (or the first high resist drain
region 1431) is formed in the oxide semiconductor layer overlapped with the drain electrode
layer 1405b (and the source electrode layer 1405a), so that reliability in forming a driver
circuit can be improved. Specifically, by forming the second high resist drain region 1432,
conductivity can be gradually changed from the drain electrode layer to the second high resist
drain region 1432 and the channel formation region. Therefore, in the case where a
transistor is driven in the state where the drain electrode layer 1405b is connected to a wiring
supplying high power supply potential VDD, even when high electrical field is applied
between the gate electrode layer 1401 and the drain electrode layer 1405b, the high resist
drain region functions as a buffer and high electric field is not locally applied, so that
withstand voltage of the transistor can be improved.

[0066]
In addition, the second high resist drain region 1432 (or the first high resist drain

region 1431) is formed in the oxide semiconductor layer overlapped with the drain electrode
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layer 1405b (and the source electrode layer 1405a), so that leakage current in the channel
formation region 1434 in forming the driver circuit can be reduced.
[0067]

Next, the protection insulating layer 1408 is formed over the oxide insulating layer
1407 (see FIG. 1F). In this embodiment, a silicon nitride film is formed by an RF sputtering
method. An RF sputtering method is preferable as a deposition method of the protection
insulating layer 1408 because of its quantity productivity. As the protection insulating layer
1408, an inorganic film in which an impurity such as moisture, a hydrogen ion, and OH" is
not contained and which prevents such an impurity from entering the oxide insulating layer
from the outside are used: a silicon nitride film, an aluminum nitride film, a silicon nitride
oxide film, an aluminum oxynitride film, or the like is used. Needless to say, the protection
insulating layer 1408 is a light-transmitting insulating film.

[0068]

Further, it is preferable to use a structure in which the protection insulating layer
1408 is in contact with the first gate insulating layer 1402a provided below the protection
insulating layer 1408 or an insulating layer serving as a base and which prevents an impurity
such as moisture, a hydrogen ion, and OH™ from a vicinity of its side from entering the oxide
semiconductor layer. In particular, when the first gate insulating layer 1402 or the insulating
film serving as a base in contact with the protection insulating layer 1408 is a silicon nitride
film, the effect is enhanced. That is, when a silicon nitride film is provided over an under
surface, a top surface, and a side surface of the oxide semiconductor layer so as to surround
the oxide semiconductor layer, reliability of a display device is improved.

[0069]

Next, the planarizing insulating layer 1409 is formed over the protection insulating
layer 1408. The planarizing insulating layer 1409 can be formed of an organic material
having heat resistance, such as polyimide, acrylic, benzocyclobutene, polyamide, or epoxy.
Other than such organic materials, it is also possible to use a low-dielectric constant material
(a low-k material), a siloxane-based resin, PSG (phosphosilicate glass), BPSG

(borophosphosilicate glass), or the like. Note that the planarizing insulating layer 1409 may
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be formed by stacking a plurality of insulating films formed of these materials.
[0070]

Note that the siloxane-based resin corresponds to a resin including a Si-O-Si bond
formed using a siloxane-based material as a starting material. The siloxane-based resin may
include as a substituent an organic group (e.g., an alkyl group or an aryl group) or a fluoro
group. In addition, the organic group may include a fluoro group.

[0071]

The formation method of the planarizing insulating layer 1409 is not limited to a
particular method and a method such as a sputtering method, an SOG method, spin coating,
dip coating, spray coating, a droplet discharge method (e.g., an ink jet method, screen printing,
or offset printing), or the like and a tool such as a doctor knife, a roll coater, a curtain coater, a
knife coater, or the like can be used depending on the material of the planarizing insulating
layer.

[0072]

Next, a resist mask is formed by a sixth photolithography process, and the
planarizing insulating layer 1409, the protection insulating layer 1408, and the oxide
insulating layer 1407 are etched to form a contact hole which reaches the drain electrode layer
1455b. In addition, contact holes which reach the gate electrode layers 1401 and 1451 are
also formed. Note that a resist mask for forming a contact hole which reaches the drain
electrode layer 1455b may be formed by an ink jet method. When a resist mask may be
formed by an ink jet method, a photomask is not needed; therefore, manufacturing cost can be
reduced.

[0073]

Next, after the resist mask is removed, a light-transmitting conductive film is formed.
The light-transmitting conductive film is formed of indium oxide (In,O;), indium oxide-tin
oxide alloy (In,03-Sn0O,, abbreviated to ITO), or the like by a sputtering method, a vacuum
evaporation method, or the like. As for other material of a light-transmitting conductive
film, an Al-Zn-O-based non-single-crystal film including nitrogen, that is, an

Al-Zn-O-N-based non-single-crystal film, Zn-O-based non-single-crystal film including
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nitrogen, or an Sn-Zn-O-based non-single-crystal film including nitrogen can be used. Note
that the relative proportion (atomic%) of zinc in an Al-Zn-O-N-based non-single-crystal film
is 47 atomic% or less, which is larger than the relative proportion (atomic%) of aluminum in
the non-single-crystal film. The relative proportion (atomic%) of aluminum in the
non-single-crystal film is larger than that of nitrogen in the non-single-crystal film. Such a
material is etched with a hydrochloric acid-based solution. However, since a residue is
easily generated particularly in etching ITO, indium oxide-zinc oxide alloy (In,O3-ZnO) may
be used to improve etching processability.

[0074]

Note that the unit of the relative proportion in the light-transmitting conductive film
is atomic percent, aﬁd the relative proportion is evaluated by analysis using an electron probe
X-ray microanalyzer (EPMA).

[0075]

Next, a seventh photolithography process is performed. A resist mask is formed
and unnecessary portions are removed by etching, whereby the pixel electrode layer 1456 and
the conductive layer 1406 are formed (see FIG. 2A).

[0076]

Through the above process, with seven masks, the thin film transistor 1470 and the
thin film transistor 1460 can be formed over the same substrate in the driver circuit and in the
pixel portion, respectively. Further, a storage capacitor which is formed using a capacitor
wiring layer and a capacitor electrode layer and which is formed using the first gate insulating
layer 1402a and the second gate insulating layer 1402b which serve as a dielectric can be
formed over the same substrate. The pixel portion is formed by providing the thin film
transistors 1460 and the storage capacitors for pixels in matrix and a driver circuit including
the thin film transistor 1470 is provided in a vicinity of the pixel portion, so that one of
substrates for manufacturing an active-matrix display device can be formed. In this
specification, such a substrate is referred to as an active matrix substrate for convenience.
[0077]

Note that the pixel electrode layer 1456 is electrically connected to a capacitor
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electrode layer through a contact hole formed in the planarizing insulating layer 1409, the
protection insulaﬁng layer 1408, and the oxide insulating layer 1407. Note that the capacitor
electrode layer can be formed using the same light-transmitting material and the same process
as the drain electrode layer 1455b.
[0078]

The conductive layer 1406 is provided to overlap with the channel formation region
1434 of the oxide semiconductor layer, so that, in a bias-temperature stress test (hereinafter,
referred to as a BT test) for examining reliability of a thin film transistor, the amount of
change in threshold voltage of the thin film transistor 1470 between before and after the BT
test can be reduced. - Further, the conductive layer 1406 can function as a second gate
electrode layer. A potential of the conductive layer 1406 may be the same as or different
from that of the gate electrode layer 1406, or can be GND, 0V, or in a floating state.
[0079] |

Note that in this embodiment, the thin film transistor 1470 for the driver circuit has

the conductive layer 1406 overlapping with the channel formation region 1434. However, a

thin film transistor for the driver circuit does not need to have the conductive layer 1406.

The thin film transistor 1470 having the conductive layer 1406 and a thin film transistor
which does not have the conductive layer 1401 can be formed over the same substrate using
the above process.

[0080]

In a semiconductor device related to an embodiment of this invention, when a gate
electrode layer, a source electrode layer, and a drain electrode layer of a thin film transistor
which is used for a pixel, a pixel electrode layer of a display element, and a wiring layer such
as a scan line and a signal line are formed using a light-transmitting conductive film, the
aperture ratio of the pixel can be enhanced. Note that an oxide semiconductor is not
necessarily used for a thin film transistor for the driver circuit. Note that when the thin film
transistor 1470 for the driver circuit is formed over a substrate where the thin film transistor
1460 for the pixel is to be formed, as this embodiment shows, it is preferable to form the thin

film transistor 1470 together with the thin film transistor 1460 using an oxide semiconductor
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because the number of steps can be reduced. In this case, both the thin film transistor 1470
for the driver circuit and the thin film transistor 1460 for the pixel are unipolar transistors.
[0081]

Note that a resist mask for forming the pixel electrode layer 1456 may be formed by
an ink jet method. When a resist mask may be formed by an ink jet method, a photomask is
not needed; therefore, manufacturing cost can be reduced.

[0082]

Next, FIG. 19 illustrates an example of a cross-sectional structure of an active matrix
substrate where a capacitor and a thin film transistor are manufactured by the above process.
{0083]

FIG. 19 illustrates a capacitor 1502 for the pixel and a capacitor 1505 for the driver
circuit in addition to the thin film transistor 1470 for the driver circuit and the thin film
transistor 1460 for the pixel portion over the same substrate. The capacitor can be
manufactured together with the thin film transistor by the above process without an increase
in the number of masks and steps. Further, in a portion which is to be a display portion of
the pixel portion, a scan line, a signal line, and a capacitor wiring layer are formed using a
light-transmitting conductive film, which realizes a high aperture ratio. Furthermore, in a
driver circuit formed in a region which is not the display portion, a metal wiring can be used
in order to lower wiring resistance.

[0084]

In FIG. 19, the thin film transistor 1470 is a channel-etched thin film transistor
provided in the driver circuit and the thin film transistor 1460 electrically connected to the
pixel electrode layer 1456 is a bottom-contacted thin film transistor provided in the pixel
portion.

[0085]

A capacitor wiring layer 1500 which is formed using the same light-transmitting
material and formed through the same process as the gate electrode layer 1451 of the thin film
transistor 1460 overlaps with a capacitor electrode layer 1501 with the first gate insulating

layer 1402a and the second gate insulating layer 1402b which serve as a dielectric and forms



10

15

20

25

WO 2011/010546 PCT/JP2010/061367

25
the capacitor 1502 of a 'pixel therebetween.  Note that the capacitor electrode layer 1501 is
formed using the same light-transmitting material and formed through the same process as the
source electrode layer 1455a or the drain electrode layer 1455b of the thin film transistor
1460. Accordingly, the thin film transistor 1460 and the capacitor 1502 of a pixel has a
light-transmitting property, so that an aperture ratio can be increased.
[0086]

A light-transmitting property of the capacitor 1502 is important for enhancement of
an aperture ratio. In particular, in a small liquid crystal display panel having a screen size of
10 inch or less, a high aperture ratio can be realized even When a pixel size is miniaturized in
order that high definition of a display image may be achieved by an increase of the number of
scan lines. Further, a light-transmitting film is used as a component of the thin film
transistor 1460 and the capacitor 1502, whereby a high aperture ratio can be realized even
when one pixel is divided into a plurality of subpixels in order to realize a wide viewing angle.
That is, an aperture ratio can be large even when a dense group of thin film transistors are
provided, so that a sufficient area of a display region can be secured. For example, when
one pixel includes two to four subpixels and the capacitor 1502, since the capacitor 1502 and
the thin film transistor has a light-transmitting property, an aperture ratio can be enhanced.
[0087] .

Note that the capacitor 1502 is provided below the pixel electrode layer 1456 and the
capacitor electrode layer 1501 is electrically connected to the pixel electrode layer 1456.
[0088]

In this embodiment, an example of the capacitor 1502 which is formed using the
capacitor electrode layer 1501 and the capacitor wiring layer 1500 is illustrated. However, a
structure of a capacitor for the pixel is not limited thereto. For example, without a capacitor
wiring layer, a capacitor may be formed as follows: a pixel electrode layer overlapé with a
scan line of an adjacent pixel with a planarizing insulating layer, a protective insulating layer,
a first gate insulating layer, and a second gate insulating layer therebetween.

[0089]

Further, in the case of manufacturing an active-matrix liquid crystal display device,
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an active-matrix substrate and a counter substrate provided with a counter electrode are
bonded to each other with a liquid crystal layer therebetween. Note that a common
electrode electrically connected to the counter electrode on the counter substrate is provided
over the active-matrix substrate, and a terminal electrode electrically connected to the
common electrode is provided in the terminal portion. This terminal electrode is provided
so that the common electrode is set to a fixed potential such as GND or 0 V. The terminal
electrode can be formed using the same light-transmitting material as the pixel electrode layer
1456.

[0090]

Furthermore, a capacitor wiring layer 1503 which is formed using the same
light-transmitting material and formed through the same pfocess as the gate electrode layer
1401 of the thin film transistor 1470 overlaps with a capacitor electrode layer 1504 with the
first gate insulating layer 1402a and the second gate insulating layer 1402b which éerve as a
dielectric and forms the capacitor 1505 of a driver circuit therebetween. Note that the
capacitor electrode layer 1504 is formed using the same light-transmitting material and

formed through the same process as the source electrode layer 1405a or the drain electrode

- layer 1405b of the thin film transistor 1470.

[0091]
[Embodiment 2]

One embodiment of a semiconductor device and a manufacturing method thereof
will be described with reference to FIGS. 3A-1, 3A-2, 3B, and 3C, FIGS. 4A to 4E, and FIGS.
5Ato SE.

[0092]

FIGS. 3A-1, 3A-2, 3B, and 3C illustrate an example of a plan view and a
cross-sectional view of two thin film transistors which have different structures from each
other and which are formed over the same substrate. FIGS. 3A-1, 3A-2, 3B, and 3C
illustrate a thin film transistor 2410 of a channel-etched type which is one of bottom gate
structures and a thin film transistor 2420 of a channel-protection type (also referred to as a

channel stop type) which is one of bottom gate structures. The thin film transistor 2410 and
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the thin film transistor 2420 can be referred to as inverted staggered thin film transistors.
[0093]

FIG. 3A-1 is a plan view of the channel-etched thin film transistor 2410 provided in
a driver circuit. FIG 3B is a cross-sectional view taken along line C1-C2 in FIG. 3A-1.
FIG. 3C is a cross-sectional view taken along line C3-C4.in FIG 3A-1.

[0094]

The thin film transistor 2410 provided in the driver circuit is a channel-etched thin
film transistor and includes a gate electrode layer 2411; a first gate insulating layer 2402a; a
second gate insulating layer 2402b; an oxide semiconductor layer 2412 including at least a
channel formation region 2413, a first high resist drain region 2414a, and a second high resist
drain region 2414b; a source electrode layer 2415a; and a drain electrode layer 2415b over a
substrate 2400 having an insulation surface. Further, an oxide insulating layer 2416 is
provided so as to cover the thin film transistor 2410 and to be in contact with the channel
formation region 2413.

[0095]

The first high resist drain region 2414a is formed in a self-aligned manner in contact
with a bottom surface of the source electrode layer 2415a. Further, the second high resist
drain region 2414b is formed in a self-aligned manner in contact with a bottom surface of the
drain electrode layer 2415b. In addition, the channel formation region 2413 is in contact
with the oxide insulating layer 2416, has thin thickness, and is a region with higher resist (an I
type region) than that of the first high resist drain region 2414a and that of the second high
resist drain region 2414b.

[0096]

In addition, in the thin film transistor 2410, it is preferable that a metal material be
used for the source electrode layer 2415a and the drain electrode layer 2415b in drder to make
wirings have low resistance.

[0097]
In addition, when a pixel portion and a driver circuit are formed over the same

substrate in the liquid crystal display device, in the driver circuit, only one of positive polarity
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and negative polarity is applied between the source and drain electrodes of a thin film
transistor for constituting a logic gate such as an inverter circuit, a NAND circuit, a NOR
circuit, and a latch circuit or a thin film transistor for constituting an analog circuit such as a
sense amplifier, a constant voltage generating circuit, and a VCO. Therefore, the width of
the second high resist drain region 2414b which needs to withstand voltage may be designed
to be larger than that of the first high resist drain region 2414a. Further, the width of the
gate electrode layer overlapping with the first high resist drain region 2414a and the second
high resist drain region 2414b may be large.
[0098]

Further, the thin film transistor 2410 provided in the driver circuit is described with
use of a single gate thin film transistor; however, a multi gate thin film transistor including a
plurality of channel formation regions can be used as necessary.

[0099]

Further, a conductive layer 2417 is formed over the channel formation region 2413
to overlap therewith. The conductive layer 2417 is electrically connected to the gate
electrode layer 2411 and has the same potential as the gate electrode layer 2411, so that a gate
voltage can be applied from the upper and lower sides of the oxide semiconductor provided
between the gate electrode layer 2411 and the conductive layer 2417. Further, when the
potential of the conductive layer 2417 is different from that of the gate electrode layer 2411
and is, for example, a fixed potential, GND, and 0 V, the electrical characteristics of the thin
film transistor such as a threshold voltage can be controlled.

[0100]

In addition, a protection insulating layer 2403 and a planarizing insulating layer
2404 are stacked between the conductive layer 2417 and the oxide insulating layer 2416.
[0101]

Further, it is preferable to use a structure in which the protection insulating layer
2403 is in contact with the first gate insulating layer 2402a provided below the protection
insulating layer 2403 or an insulating layer serving as a base and which prevents an impurity

such as moisture, a hydrogen ion, and OH™ from entering the oxide semiconductor layer from
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the side direction. In particular, when the first gate insulating layer 2402 or the insulating
film serving as a base in contact with the protection insulating layer 2403 is a silicon nitride
film, the effect is enhanced.
[0102]

Note that FIG. 3A-2 is a plan view of the channel-protective thin film transistor 2420
provided in a pixel. FIG. 3B is a cross-sectional view taken along line D1-D2 in FIG. 3A-2.
Further, FIG. 3C is a cross-sectional view taken along line D3-D4 in FIG. 3A-2.

[0103]

The thin film transistor 2420 provided in the pixel is a channel-protective thin film
transistor and includes a gate electrode layer 2421, the first gate insulating layer 2402a, the
second gate insulating layer 2402b, an oxide semiconductor layer 2422 including a channel
formation region, an oxide insulating layer 2426 which functions as a channel protection layer,
a source electrode layer 2425a, and a drain electrode layer 2425b over the substrate 2400
having an insulation surface. Further, a stacked layer of the protection insulating layer 2403
and the planarizing insulating layer 2404 is provided so as to cover the thin film transistor
2420 and to be in contact with the oxide insulating layer 2426, the source electrode layer
2425a, and the drain electrode layer 2425b. The pixel electrode layer 2427 which is in
contact with the drain electrode layer 2425b is provided over the planarizing insulating layer
2404 and is electrically connected to the thin film transistor 2420.

[0104]

Further, heat treatment is performed on the oxide semiconductor layer 2422 in order
to reduce impurities such as moisture (heat treatment for dehydration and dehydrogenation)
after at least an oxide semiconductor film are formed. After heat treatment for dehydration
and dehydrogenation and slow cooling, the oxide insulating layer 2426 is formed in contact
with the oxide semiconductor layer 2422 to reduce the carrier concentration of the oxide
semiconductor layer 2422, which leads to improvement of the electrical characteristics and
reliability of the thin film transistor 2420.

[0105] |

A channel formation region of the thin film transistor 2420 provided in the pixel is a
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part of the oxide semiconductor layer 2422. The channel formation region of the thin film
transistor 2420 overlaps with the gate electrode layer 2421 and is in contact with the oxide
insulating layer 2426 which is a channel protection layer. Since the thin film transistor 2420
is protected by the oxide insulating layer 2426, the oxide semiconductor layer 2422 is
prevented from being etched in an etching process where the source electrode layer 2425a
and the drain electrode layer 2425b are formed.

[0106] .

In addition, in order that a display device of which the aperture ratio is high may be
realized using a light-transmitting thin film transistor as the thin filrﬁ transistor 2420, a
light-transmitting conductive film is used for the source electrode layer 2425a and the drain
electrode layer 2425b.

[0107]

| Further, a light-transmitting conductive film is also used for the gate clectrode layer
2421 of the thin film transistor 2420.

[0108]

Furthermore, in a pixel provided with the thin film transistor 2420, a conductive film
having a light-transmitting property with respect to visible light is used as the pixel electrode
layer 2427, the other electrode layer (such as a capacitor electrode layer), or the other wiring
layer (such as a capacitor wiring layer); therefore, a display device with a high aperture ratio

is realized. Needless to say, it is preferable that a conductive film having a light-transmitting

property with respect to visible light also be used as the gate insulatiﬁg layer 2402a, the gate

insulating layer 2402b, and the voxide insulating layer 2426.
[0109]

In this specification, a film having a light-transmitting property with respect to
visible light is a film with a thickness of which transmittance is 75% or more and 100% or
less with respect to visible light. When the film is conductive, the film is also referred to as
a transparent conductive film. In addition, a conductive film which is semi-transmissive
with respect to visible light may be used for a gate electrode layer, a source electrode layer, a

drain electrode layer, a pixel electrode layer, the other electrode layer, or a metal oxide
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applied to the other wiring layer. The words "semi-transmissive with respect to visible
light" means that the transmittance of visible light is 50% or more and 75% or less.
[0110]

Manufacturing process of the thin film transistor 2410 and the thin film transistor
2420 which are formed over the same substrate will be described below with reference to
FIGS. 4A to 4E and FIGS. 5A to S5E.

[0111]

First, a light-transmitting conductive film is formed over the substrate 2400 having
an insulation surface; then, the gate electrode layers 2411 and 2421 are formed by the first
photolithography process. In addition, in a pixel portion, a capacitor wiring layer is formed
by the same first photolithography process using a light-transmitting material which is the
same material as the gate electrode layers 2411 and 2421. Further, when the driver circuit
needs a capacitor, a capacitor wiring layer is formed not only in the pixel portion but also in
the driver circuit. Note that a resist mask may be formed by an ink jet method. When a
resist mask may be formed by an ink jet method, a photomask is not needed; therefore,
manufacturing cost can be reduced.

[0112]

Although there is no particular limitation on a substrate which can be used for the
substrate 2400 having an insulation surface, it is necessary that the substrate have at least
enough heat resistance to withstand heat treatment to be performed later. A substrate similar
to the glass substrate used in Embodiment 1 can be used for the substrate 2400 having an
insulation surface.

[0113]

Note that a substrate formed of an insulator such as a ceramic substrate, a quartz
substrate, or a sapphire substrate may be used instead of the glass substrate. Alternatively,
crystallized glass or the like can be used.

[0114]
Note that an insulating film serving as a base film may be provided between the

substrate 2400 and the gate electrode layers 2411 and 2421. The base film has a function of
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preventing diffusion of an impurity element from the substrate 2400 and can be formed to
have a single-layer or stacked-layer structure using one or more of a silicon nitride film, a
silicon oxide film, a silicon nitride oxide film, and a silicon oxynitride film.
[0115]

A conductive material having a light-transmitting property with respect to visible
light such as an In-Sn-Zn-O-based metal oxide, an In-Al-Zn-O-based metal oxide, an
Sn-Ga-Zn-O-based metal oxide, an Al-Ga-Zn-O-based metal oxide,r an Sn-Al-Zn-O-based
metal oxide, an In-Zn-O-based metal oxide, an Sn-Zn-O-based metal oxide, an
Al-Zn-O-based metal oxide, an In-O-based metal oxide, an Sn-O-based metal oxide, and a
Zn-0O-based metal oxide can be used as a material of the gate electrode layers 2411 and 2421.
The thickness of the gate electrode layers 2411 and 2421 is appropriately selected in the range
of 50 nm to 300 nm. As a deposition method of a metal oxide used for the gate electrode
layers 2411 and 2421, a sputtering method, a vacuum evaporation method (an electron beam
evaporation method), an arc ion plating method, or a spray method is used. Note that when
a sputtering method is used, deposition is performed using a target including SiO- at 2 percent
by weight or more and 10 percent by weight or less and a light-transmitting conductive film is
made to include SiOx (X>0) which suppresses crystallization, so that crystallization can be
suppressed when heat treatment is performed for dehydration and dehydrogenation performed
in a later process.

[0116]

Next, a gate insulating layer is formed over the gate electrode layers 2411 and 2421.
[0117] |

The gate insulating layer can be formed by a single-layer or stacked layers of a
silicon oxide layer, a silicon nitride layer, a silicon oxynitride layer, or a silicon nitride oxide
layer by a plasma CVD method or a sputtering method. For example, a silicon oxynitride
layer may be formed using a deposition gas containing SiH,, oxygen, and nitrogen by a
plasma CVD method.

(0118]

In this embodiment, a gate insulating layer is a stacked layer of the first gate
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insﬁlating layer 2402a with a thickness of 50 nm or more and 200 nm or less and the second
gate insulating layer 2402b with a thickness of 50 nm or more and 300 nm or less. A silicon
nitride film or a silicon nitride oxide film with a thickness of 100 nm is used as the first gate
insulating layer 2402a. Further, a silicon oxide film with a thickness of 100 nm is used as
the second gate insulating layer 2402b.
[0119]

An oxide semiconductor film 2430 with a thickness of 2 nm or more and 200 nm or
less is formed over the second gate insulating layer 2402b. The thickness is preferably 50
nm or less in order that the oxide semiconductor film may be amorphous even when heat
treatment for dehydration and dehydrogenation is performed after formation of the oxide
semiconductor film 2430. Thin thickness of the oxide semiconductor film can suppress
crystallization when heat treatment is performed after the oxide semiconductor layer is
formed. |
[0120]

Note that before the oxide semiconductor film 2430 is formed by a sputtering
method, dust on a surface of the second gate insulating layer 2402b is preferably removed by
reverse sputtering in which an argon gas is introduced and plasma is generated. The reverse
sputtering refers to a method in which, without application of voltage to a target side, an RF
power source is used for application of voltage to a substrate side in an argon atmosphere to
generate plasma in a vicinity of the substrate to modify a surface. Note that nitrogen, helium,
oxygen, or the like may be used instead of an argon atmosphere.

[0121]

The following film is used for the oxide semiconductor film 2430: an
In-Ga-Zn-O-based non-single-crystal film, an In-Sn-Zn-O-based oxide semiconductor film,
an In-Al-Zn-O-based oxide semiconductor film, a Sn-Ga-Zn-O-based oxide semiconductor
film, an Al-Ga-Zn-O-based oxide semiconductor film, a Sn-Al-Zn-O-based oxide
semiconductor film, an In-Zn-O-based oxide semiconductor film, an Sn-Zn-O-based oxide
semiconductor film, an Al-Zn-O-based oxide semiconductor film, an In-O-based oxide

semiconductor film, a Sn-O-based oxide semiconductor film, and a Zn-O-based oxide
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semiconductor film. In this embodiment, the oxide semiconductor film is formed by a
sputtering method with use of an In-Ga-Zn-O-based oxide semiconductor target.
Alternatively, the oxide semiconductor film 2430 can be formed by a sputtering method under
a rare gas (typically argon) atmosphere, an oxygen atmosphere, or an atmosphere including a
rare gas (typically argon) and oxygen. Note that when a sputtering method is used,
deposition is performed using a target including SiO, at 2 percent by weight or more and 10
perceni by weight or less and the oxide semiconductor film 2430 is made to include SiOx
(X>0) which suppresses crystallization, so that crystallization can be suppressed when heat
treatment is performed for dehydration and dehydrogenation performed in a later process.
[0122]

Next, the oxide semiconductor film 2430 is processed into an island-shape oxide
semiconductor layer by the second photolithography process. Note that a resist mask for
forming the island-shape oxide semiconductor layer may be formed by an ink jet method.
When a resist mask may be formed by an ink jet method, a photomask is not needed;
therefore, manufacturing cost can be reduced.

[0123]

Next, dehydration and dehydrogenation of the oxide semiconductor layer is
performed. Temperature in a first heat treatment at which dehydration and dehydrogenation
is performed is 350 °C or more and less than a distortion point of a substrate, or more
preferably 400 °C or more. Here, the substrate is introduced into an electric furnace which
is one of heat treatment devices and heat treatment is performed on the oxide semiconductor
layer under a nitrogen atmosphere. Then, reentrance of water or hydrogen to the oxide
semiconductor is prevented without exposure to the air. Thus, oxide semiconductor layers
2431 and 2432 are obtained (see FIG. 4B). In this embodiment, the same furnace is used
from heating temperature T at which dehydration and dehydrogenation of the oxide
.semiconductor layer is performed to temperature which is enough to prevent reentrance of
water under a nitrogen atmosphere. Specifically, the substrate is cooled slowly until
temperature becomes less than heating temperature T by 100 °C or more. Note that this

embodiment is not limited to nitrogen atmosphere. Dehydration and dehydrogenation can
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be performed under helium, neon, argon, or the like or under reduced pressure.
[0124]

Note that at the first heat treatment, it is preferable that nitrogen or rare gas such as
helium, neon, or argon does not include water, hydrogen, or the like. Alternatively, it is
preferable thaf purity of nitrogen or rare gas such as helium, neon, or argon be 6N
(99.9999%) or more, more preferably 7N (99.99999%) or more (i.e., impurity concentration
be 1 ppm or less, more preferably, 0.1 ppm or less).

[0125]

Further, the oxide semiconductor film is crystallized and can be a micro crystal film
or a polycrystalline film depending on a condition of the first heat treatment or a material of
oxide semiconductor layer.

[0126]

Further, the first heat treatment of the oxide semiconductor film 2430 can be
performed on the oxide semiconductor film before the oxide semiconductor film is processed
into an island-shape oxide semiconductor layer. In that case, the substrate is taken out from
a heating device after the first heat treatment; then, a photolithography process is performed.
[0127] .

Furthermore, it is acceptable that heat treatment (heating temperature is 400 °C or
more and less than a distortion point of the substrate) be performed under an inert gas
atmosphere (nitrogen, helium, neon, argon, or the like), an oxygen atmosphere, or reduced
pressure before deposition of the oxide semiconductor film 2430 and the oxide semiconductor
layer may be a gate insulating layer in which an impurity such as hydrogen and‘moisture is
removed.

[0128]

Next, a metal conductive film is formed over the second gate insulating layer 2402b,
the oxide semiconductor layer 2431, and the oxide semiconductor layer 2432, resist masks
2433a and 2433b are formed by the third photolithography process, and etching is selectively
performed, so that metal electrode layers 2434 and 2435 are formed (see FIG. 4C). As the

material of the metal conductive film, an element selected from Al, Cr, Cu, Ta, Ti, Mo, and W,
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an alloy containing any of these elements as a component, an alloy containing these elements
in combination, and the like can be used.
[0129]

As a metal conductive film, it is preferable to use a stacked layer of three layers
where an aluminum layer are formed over a titanium layer and a titanium layer are formed
over the aluminum layer or where an aluminum layer are formed over a molybdenum layer
and a molybdenum layer are formed over the aluminum layer. Needless to say, a single
layer, a stacked layer of two layers or a stacked layer of four or more layers can be used as the
metal conductive layer.

[0130]

Note that a resist mask for forming the metal electrode layers 2434 and 2435 may be
formed by an ink jet method. When a resist mask may be formed by an ink jet method, a
photomask is not needed; therefore, manufacturing cost can be reduced.

[0131]

Next, the resist masks 2433a and 2433b are removed, resist masks 2436a and 2436b
are formed by the fourth photolithography process, and etching is performed selectively, so
that the source electrode layer 2415a and the drain electrode layer 2415b are formed (see FIG
4D). Note that at the fourth photolithography process, only part of the oxide semiconductor
layer 2431 is etched to form an oxide semiconductor layer 2437 having a groove (depression).
Further, the resist masks 2436a and 2436b for forming a groove (depression) in the oxide
semiconductor layer 2431 can be formed by an ink jet method. When a resist mask may be
formed by an ink jet method, a photomask is not needed; therefore, manufacturing cost can be
reduced.

[0132]

Next, the resist masks 2436a and 2436b are removed, a resist mask 2438 covering
the oxide semiconductor layer 2437 is formed by the fifth photolithography process, and the
metal electrode layer 2435 over the oxide semiconductor layer 2432 is removed (see FIG.
4E).

[0133]
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Note that, in order to remove the metal conductive layer 2435 overlapping with the
oxide semiconductor layer 2432 by the fifth photolithography process, materials and
conditions of etching are adjusted as appropriate in case the oxide semiconductor layer 2432
should be removed in etching of the metal electrode layer 2435.

[0134]

The oxide insulating layer 2439 is formed as a protection insulating film in contact
with the top surface and the side surface of the oxide semiconductor layer 2432 and the
groove (depression) of the oxide semiconductor layer 2437.

[0135]

The oxide insulating layer 2439 has a thickness of at least 1 nm or more and can be
formed using a method in which an impurity such as water and hydrogen does not enter the
oxide insulating layer 2439, as appropriate. In this embodiment, a silicon oxide film whose
thickness is 300 nm is deposited by a sputtering method as the oxide insulating layer 2439.
Temperature of a substrate at deposition may be room temperature or more and 300 °C or less.
In this embodiment, temperature of a substrate at deposition is 100 °C. The silicon oxide
film can be formed by a sputtering method under a rare gas (typically argon) atmosphere, an
oxygen atmosphere, or an atmosphere containing a rare gas (typically argon) and oxygen. In
addition, a silicon oxide target or a silicon target can be used as a target. For example, the
silicon oxide film can be formed using a silicon target by a sputtering method under an
atmosphere including oxygen and nitrogen. As the oxide insulating layer 2439 formed so as
to be in contact with the low-resistance oxide semiconductor layer, an inorganic film in which
an impurity such as moisture, a hydrogen ion, and OH" is not contained and which prevents
such an impurity from entering the oxide insulating layer from the outside are used; typically, .
a silicon oxide film, a silicon nitride oxide film, an aluminum oxide film, an aluminum
oxynitride film, or the like is used.

[0136]

Next, second heat treatment (at 200 °C or more and 400 °C or less, preferably; 250

°C or more and 350 °C or less, for example) are performed under an inert gas atmosphere or

an oxygen gas atmosphere (see FIG. 5A). For example, second heat treatment is performed
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under a nitrogen atmosphere at 250 °C for one hour. In the second heat treatment, the
groove of the oxide semiconductor layer 2437 and the top surface and the side surface of the
oxide semiconductor layer 2432 are heated in contact with the oxide insulating layer 2439.
[0137]

Through the above process, heat treatment for dehydration and dehydrogenation is
performed on the deposited oxide semiconductor film to lower resistance, and then, a part of
the oxide semiconductor film is selectively made to include excessive oxygen. As a result,

the channel formation region 2413 overlapping with the gate electrode layer 2411 becomes an

I type and the first high resist drain region 2414a overlapping with the source electrode layer

2415a and the second high resist drain region 2414b overlapping with the drain electrode -
layer 2415b are formed in a self-aligned manner. Further, the oxide semiconductor layer
2432 overlapping with the gate electrode layer 2421 becomes the oxide semiconductor layer
2422 when the whole of the oxide semiconductor layer 2432 overlapping with the gate
electrode layer 2421 becomes an I type.

[0138]

However, when heat treatment is performed under a nitrogen atmosphere, an inert
gas atmosphere, or reduced pressure while the oxide semiconductor layer 2422 which is made
to have high resist (to be an I type) is exposed, the resistance of the oxide semiconductor layer
2422 which is made to have high resist (to be an I type) is lowered. Therefore, when the
oxide semiconductor layer 2422 is exposed, heat treatment is performed under an oxygen gas
atmosphere, and N,O gas atmosphere, or super dry air (of which dew point under air pressure
is -40 °C or less, preferably -60 °C or less).

[0139]

Note that the second high resist drain region 2414b (or the first high resist drain
region 2414a) is formed in the oxide semiconductor layer overlapped with the drain electrode
layer 2415b (and the source electrode layer 2415a), so that reliability in forming the driver
circuit can be improved. Specifically, by forming the second high resist drain region 2414b,
conductivity can be gradually changed from the drain electrode layer 2415b to the second

high resist drain region 2414b and the channel formation region 2413. Therefore, in the case
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where a transistor is driven in the state where the drain electrode layer 2415b is connected to
a wiring supplying high power supply potential VDD, even when high electrical field is
applied between the gate electrode layer 2411 and the drain electrode layer 2415b, the high
resist drain region functions as a buffer and high electric field is not locally applied, so that
withstand voltage of the transistor can be improved.
[0140]

In addition, the second high resist drain region 2414b (or the first high resist drain
region 2414a) is férmed in the oxide semiconductor layer overlapped with the drain electrode
layer 2415b (and the source electrode layer 2415a), so that leakage current in the channel
formation region 2413 in forming the driver circuit can be reduced.

[0141]

Next, resist masks 2440a and 2440b are formed by the sixth photolithography
process, and the oxide insulating layers 2416 and 2426 are formed by the oxide insulating
layer 2439 selectively etched (see FIG. 5B). The oxide insulating layer 2426 is provided
over a channel formation region of the oxide semiconductor layer 2422 and functions as a
channel protection layer. Note that when an oxide insulating layer is used as the gate
insulating layer 2402b as in this embodiment, film thickness of the oxide insulating layer is
sometimes reduced because a part of the gate insulating layer 2402b is etched by the etching
process of the oxide insulating layer 2439. When a nitride insulating film whose selective
ratio with respect to the oxide insulating layer 2439 is high is used as the gate insulating layer
2402b, the gate insulating layer 2402b is prevented from being partly etched.

[0142]

Next, after a light-transmitting conductive film is formed over the oxide
semiconductor layer 2422 and the oxide insulating layer 2426, the source electrode layer
2425a and the drain electrode layer 2425b are formed by the seventh photolithography
process (see FIG. 5C). As a deposition method of the light-transmitting conductive film, a
sputtering method, a vacuum evaporation method (an electron beam evaporation method), an
arc ion plating method, or a spray method is used. A conductive material having a

light-transmitting property with respect to visible light such as an In-Sn-Zn-O-based metal
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oxide, an | In-Al-Zn-O-based metal oxide, an Sn-Ga-Zn-O-based metal oxide, an
Al-Ga-Zn-O-based metal oxide, an Sn-Al-Zn-O-based metal oxide, an In-Zn-O-based metal
oxide, an Sn-Zn-O-based metal oxide, an Al-Zn-O-based metal oxide, an In-O-based metal
oxide, an Sn-O-based metal oxide, and a Zn-O-based metal oxide can be used as a material of
the conductive film. The thickness is appropriately selected in the range of 50 nm to 300 nm.
Note that when a sputtering method s used, deposition is performed using a target including
SiO; at 2 percent by weight or more and 10 percent by weight or less and a light-transmitting
conductive film is made to include SiOx (X>0) which suppresses crystallization, so that
crystallization can be suppressed when heat treatment is performed for dehydration and
dehydrogenation performed in a later process.

[0143]

Note that a resist mask for forming the source electrode layer 2425a and the drain
electrode l.ayer 2425b may be formed by an ink jet method. When a resist mask may be
formed by an ink jet method, a photomask is not needed; therefore, manufacturing cost can be
reduced.

[0144]

Next, the protection insulating layer 2403 is formed over the oxide insulating layer
2416, the oxide insulating layer 2426, the source electrode layer 2425a, and the drain
electrode layer 2425b. In this embodiment, a silicon nitride film is formed by an RF
sputtering method. An RF sputtering method is preferable as a deposition method of the
protection insulating layer 2403 because of its quantity productivity. As the protection
insulating layer 2403, an inorganic film in which an impurity such as moisture, a hydrogen
ion, an oxygen ion, and OH™ is not contained and which prevents such an impurity from
entering the oxide insulating layer from the outside are used: a silicon oxide film, a silicon
nitride oxide film, an aluminum nitride film, an aluminum oxynitride film, or the like is used.
Needless to say, the protection insulating layer 2403 is a light-transmitting insulating film.
[0145]

Further, it is preferable to use a structure in which the protection insulating layer

2403 is in contact with the first gate insulating layer 2402a provided below the protection
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insulating layer 2403 or an insulating layer serving as a base and which prevents an impurity
such as moisture, a hydrogen ion, and OH™ from a vicinity of its side from entering the oxide
semiconductor layer. In particular, when the first gate insulating layer 2402 or the insulating
film serving as a base in contact with the protection insulating layer 2403 is a silicon nitride
film, the effect is enhanced. That is, when a silicon nitride film is provided over an under
surface, a top surface, and a side surface of the oxide semiconductor layer so as to surround
the oxide semiconductor layer, reliability of a display device is improved.

[0146]

Next, the planarizing insulating layer 2404 is formed over the protection insulating
layer 2403. The planarizing insulating layer 2404 can be formed of an organic material
having heat resistance, such as polyimide, acrylic, benzocyclobutene, polyamide, or epoxy.
Other than such organic materials, it is also possible to use a low-dielectric constant material
(a low-k material), a siloxane-based resin, PSG (phosphosilicate glass), BPSG
(borophosphosilicate glass), or the like. Note that the planarizing insulating layer 2404 may
be formed by stacking a plurality of insulating films formed of these materials.

[0147]

Note that the siloxane-based resin corresponds to a resin including a Si-O-Si bond
formed using a siloxane-based material as a starting material. The siloxane-based resin may
include as a substituent an organic group (e.g., an alkyl group or an aryl group) or a fluoro
group. In addition, the organic group may include a fluoro group.

[0148]

The formation method of the planarizing insulating layer 2404 is not limited to a
particular method and a method such as a sputtering method, an SOG method, spin coating,
dip coating, spray coating, a droplet discharge method (e.g., an inkjet method, screen printing,
or offset printing), or the like and a tool such as a doctor knife, a roll coater, a curtain coater, a
knife coater, or the like can be used depending on the material of the planarizing insulating
layer.

[0149]

Next, a resist mask is formed by an eighth photolithography process, and the
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planarizing insulating layer 2404 and the protection insulating layer 2403 are etched to form a
contact hole 2441 which reaches the drain electrode layer 2425b (see FIG. 5D). In addition,
contact holes which reach the gate electrode layers 2411 and 2421 are also formed. Note
that a resist mask for forming the contact hole which reaches the drain electrode layer 2425b
may be formed by an ink jet method. When a resist mask may be formed by an ink jet
method, a photomask is not needed; therefore, manufacturing cost can be reduced.

[0150]

Next, after the resist mask is removed, a light-transmitting conductive film is formed.
The light-transmitting conductive film is formed of indium oxide (In,O3), indium oxide-tin
oxide alloy (In,03-SnO-, abbreviated to IT: 0), or the like by a sputtering method, a vacuum
evaporation method, or the like. As for other material of a light-transmitting conductive
film, an Al-Zn-O-based non-single-crystal film including nitrogen, that is, an
Al-Zn-O-N-based non-single-crystal film, a Zn-O-based non-single-crystal film including
nitrogen, or an Sn-Zn-O-based non-single-crystal film including nitrogen can be used. Note
that the relative proportion (atomic%) of zinc in an Al-Zn-O-N-based non-single-crystal film
is 47 atomic% or less, which is larger than the relative proportion (atomic%) of aluminum in
the non-single-crystal film. The relative proportion (atomic%) of aluminum in the
non-single-crystal film is larger than that of nitrogen in the non-single-crystal film. Such a
material is etched with a hydrochloric acid-based solution. However, since a residue is
easily generated particularly in etching ITO, indium oxide-zinc oxide alloy (In,O3-ZnO) may
be used to improve etching processability.

[0151]

Note that the unit of the relative proportion in the light-tranémitting conductive film
is atomic percent, and the relative proportion is evaluated by analysis using an electron probe
X-ray microanalyzer (EPMA).

[0152]

Next, a ninth photolithography process is performed. A resist mask is formed, and

unnecessary portions are removed by etching, whereby the pixel electrode layer 2427 and the

conductive layer 2417 are formed (see FIG. S5E).
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[0153] |

Through the above process, with nine masks, the thin film transistor 2410 and the
thin film transistor 2420 can be formed over the same substrate in the driver circuit and in the
pixel portion, respectively. The thin film transistor 2410 for the driver circuit is a
channel-etched thin film transistor including the oxide semiconductor layer 2412 having the
first high resist drain region 2414a, the second high resist drain region 2414b, and the channel
formation region 2413. The thin film transistor 2420 for the pixel is a channel-protective
thin film transistor having the oxide semiconductor layer 2422 whole of which becomes an I
type.

[0154]

Further, a storage capacitor which is formed using a capacitor wiring layer and a
capacitor electrode layer and which is formed using the first gate insulating layer 2402a and
the second gate insulating layer 2402b which serve as a dielectric can be formed over the
same substrate. The pixel portion is formed by providing the thin film transistors 2420 and
the storage capacitors for pixels in matrix and a driver circuit including the thin film transistor
2410 is provided in a vicinity of the pixel portion, so that one of substrates for manufacturing
an active-matrix display device can be formed. In this specification, such a substrate is
referred to as an active matrix substrate for convenience.

[0155]

Note that the pixel electrode layer 2427 is electrically connected to a capacitor
electrode layer through a contact hole formed in the planarizing insulating layer 2404 and the
protection insulating layer 2403. Note that the capacitor electrode layer can be formed using
the same light-transmitting material and the same process as the source electrode layer 2425a
and the drain electrode layer 2425b.

[0156]

The conductive layer 2417 is provided to overlap with the channel formation region
2413 of the oxide semiconductor layer 2412, so that, in a bias-temperature stress test
(hereinafter, referred to as a BT test) for examining reliability of a thin film transistor, the

amount of change in threshold voltage of the thin film transistor 2410 between before and
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after the BT test can be reduced. Further, the conductive layef 2417 can function as a
second gate electrode layer. A potential of the conductive layer 2417 may be the same as or
different from that of the gate electrode layer 2411, or can be GND, 0V, or in a floating state.
[0157]

Note that in this embodiment, the thin film transistor 2410 for the driver circuit has
the conductive layer 2417 overlapping with the channel formation region 2413. However, a
thin film transistor for the driver circuit does not need to have the conductive layer 2417.
The thin film transistor 2410 having the conductive layer 2417 and a thin film transistor
which does not have the conductive layer 2417 can be formed over the same substrate using
the above process.

[0158]

Further, an oxide semiconductor is not necessarily used for a thin film transistor for
the driver circuit. Note that when the thin film transistor 2410 for the driver circuit is
formed over a substrate where the thin film transistor 2420 for the pixel is to be formed, as
this embodiment shows, it is preferable to form the thin film transistor 2410 together with the
thin film transistor 2420 using an oxide semiconductor because the number of steps can be
reduced. In this case, both the thin film transistor 2410 for the driver circuit and the thin
film transistor 2420 for the pixel are unipolar transistors.

[0159]

Note that a resist mask for forming the pixel electrode layer 2427 may be formed by
an ink jet method. When a resist mask may be formed by an ink jet method, a photomask is
not needed; therefore, manufacturing cost can be reduced.

[0160]
[Embodiment 3]

This embodiment describes an example of a semiconductor device in which a
plurality of signals can be obtained from one signal. Here, the case where three signals can
be obtained from one signal is described for example, this embodiment is not limited thereto.
A various cases are acceptable as long as two or more signals can be obtained from one

signal.
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[0161]
First, a structure of the semiconductor device of this embodiment will be described
with reference to FIG. 6A.
[0162]

A circuit 100 includes a circuit 110, a circuit 120, and a circuit 130.  The circuit 110
includes a transistor 111 corresponding to a scan line switching element, a circuit 112, and a
capacitor 114. The circuit 120 includes a transistor 121 corresponding to a scan line
switching element, a circuit 122, and a capacitor 124. The circuit 130 includes a transistor
131 corresponding to a scan line switching element, a circuit 132, and a capacitor 134. A
signal IN, a signal CK1, a signal CK2, a signal CK3, a signal OUTl, a signal OUT2, and
signal OUT3 are transmitted through a wiring 140, a wiring 141, a wiring 142, a wiring 143,
a wiring 151, a wiring 152, and a wiring 153, respectively.

[0163]

Next, a connection relation will be described.
[0164]

The circuit 100 is connected to the wirihg 140, the wiring 141, the wiring 142, and
the wiring 143. The circuit 110 is connected to the wiring 140, the wiring 141, and the
wiring 151. The circuit 120 is connected to the wiring 140, the wiring 142, and the wiring
152. The circuit 130 is connected to the wiring 140, the wiring 143, and the wiring 153.
That is, the wiring 140 is connected to each of the circuit 110, the circuit 120, and the circuit
130.

[0165]

Next, operation of the semiconductor device in FIG. 6A is described with reference
to a timing chart in FIG. 6B.
[0166]

The timing chart in FIG 6B has a period T1, a period T2, and a period T3. The
signal IN is an input signal of the circuit 100. The signal CK1, the signal CK2, and the
signal CK3 are input signals to the circuit 110, the circuit 120, and the circuit 130,

respectively. The signal OUT1, the signal OUT2, and the signal OUT3 are output signals
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from the circuit 110, the circuit 120, and the circuit 130, respectively.
[0167]

First, operation of a semiconductor device in FIG. 6A in the period T1 is described.
In the period T1, the signal IN is in an H level, the signal CK1 is in the H level, the signal
CK2 is in an L level, and the signal CK3 is in the L level. Then, the transistor 111 included
in the circuit 110 is turned on; therefore, the signal OUT]1 is in the H level, the signal OUT?2 is
in the L level, and the signal OUT3 is in the L level.

[0168]

Next, in the period T2, the signal IN is in the H level, the signal CK1 is in the L level,
the signal CK2 is in the H level, and the signal CK3 is in the L level. Then, the transistor
121 included in the circuit 120 is turned on; therefore, the signal OUT1 is in the L level, the
signal OUT?2 is in the H level, and the signal OUT3 is in the Llevel.

[0169]

Then, in the period T3, the signal IN is in the H level, the signal CK1 is in the L level,
the signal CK2 is in the L level, and the signal CK3 is in the H level. Then, the transistor
131 included in the circuit 130 is turned on; therefore, the signal OUTl is in the L level, the
signal OUT2 is in the L level, and the signal OUT3 is in the H level.

[0170]

Then, the signal OUT1, the signal OUT2, and the signal OUT3 outputted from the
circuit 110, the circuit 120, and the circuit 130, respectively, are inputted as scan line selection
signals from a scan line driver circuit to corresponding scan lines.

[0171]

In this manner, a plurality of signals can be obtained from the signal IN. At this
time, capacitive coupling of the capacitor 114, the capacitor 124, and the capacitor 134
included in the circuit 110, the circuit 120, and the circuit 130, respectively, makes the
amplitude of the signal OUT1, the signal OUT2, and the signal OUT3 the same as that of the
signal CK1, the signal CK2, and the signal CK3, respectively.

[0172]

Further, each of potentials of respective gate electrodes of the transistor 111, the
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transistor 121, and the transistor 131 is increased by bootstrap operation in accordance with
the respective signals OUT1, OUT2, and OUT3. That is, Vgs of a transistor can be
increased or kept large, so that distortion of the signals OUT1 to OUT3 is decreased.
Alternatively, rising times or falling times of the signals OUT1 to OUT3 can be shortened.
[0173] |

In addition, since a signal which has larger amplitude than the signal IN or a power
supply voltage is not additionally needed, power consumption can be reduced.
[0174]
[Embodiment 4]

In this embodiment, a specific example of Embodiment 3 is described.
[0175]

First, a structure of a semiconductor device of this embodiment will be described
with reference to FIG. 7A.
[0176]

The circuit 100 includes the circuit 110, the circuit 120, and the circuit 130. The
circuit 110 includes the transistor 111, a transistor 113, a transistor 115, and the capacitor 114.
The circuit 120 includes the transistor 121, a transistor 123, a transistor 125, and the capacitor
124. The circuit 130 includes the transistor 131, a transistor 133, a transistor 135, and the
capacitor 134. A signal IN1, a signal CK1, a signal CK2, a signal CK3, a signal IN2, a
signal OUT1, a signal OUT?2, and signal OUT3 are transmitted through the wiring 140, the
wiring 141,a wiring 142, the wiring 143, a wiring 240, the wiring 151, the wiring 152, and the
wiring 153, respectively.
[0177]

Next, a connection relation will be described.
[0178]

The circuit 100 is connected to the wiring 140, the wiring 141, the wiring 142; the
wiring 143, and the wiring 240. The circuit 110 is connected to the wiring 140, the wiring
141, the wiring 240, and the wiring 151. The circuit 120 is connected to the wiring 140, the

wiring 142, the wiring 240, and the wiring 152. The circuit 130 is connected to the wiring
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140, the wiring 143, the wiring 240, and the wiring 153. That is, the wiring 140 and the
wiring 240 are connected to each of the circuit 110, the circuit 120, and the circuit 130.
[0179]

A gate electrode of the transistor 111 included in the circuit 110 is connected to one
of source and drain electrodes of the transistor 115 and one of electrodes of the capacitor 114.
One of source and drain electrodes of the transistor 111 is connected to the wiring 141.  The
other of the source and drain electrodes of the transistor 111 is connected to the wiring 151
and the other of the electrodes of the capacitor 114. A gate electrode of the transistor 115 is
connected to the wiring 140 and the other of the source and drain electrodes of the transistor
115. One of the source and drain electrodes of the transistor 115 is connected to the gate
electrode of the transistor 111 and the one of the electrodes of the capacitor 114. A gate
electrode of the transistor 113 is connected to the wiring 240. One of source and drain
electrodes of the transistor 113 is connected to the gate electrode of the transistor 111, the one
of the source and drain electrodes of the transistor 115, and the one of the el;ctrodes of the
capacitor 114. The other of the source and drain electrodes of the transistor 113 is connected
to a GND (ground) electrode.
[0180]

A gate electrode of the transistor 121 included in the circuit 120 is connected to one
of source and drain electrodes of the transistor 125 and one of electrodes of the capacitor 124.
One of source and drain electrodes of the transistor 121 is connected to the wiring 142. The

other of the source and drain electrodes of the transistor 121 is connected to the wiring 152

‘and the other of electrodes of the capacitor 124. A gate electrode of the transistor 125 is

connected to the wiring 140 and the other of the source and drain electrodes of the transistor
125. 'The one of the source and drain electrodes of the transistor 125 is connected to the gate
electrode of the transistor 121 and the one of the electrodes of the capacitor 124. A gate
electrode of the transistor 123 is connected to the wiring 240. One of the source and drain
electrodes of the transistor 123 is connected to the gate electrode of the transistor 121, the one
of the source and drain electrodes of the transistor 125, and the one of the electrodes of the

capacitor 124. The other of the source and drain electrodes of the transistor 123 is
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connected to the GND (ground) electrode.
[0181]

A gate electrode of the transistor 131 included in the circuit 130 is connected to one
of source and drain electrodes of the transistor 135 and one of electrodes of the capacitor 134.
One of source and drain electrodes of the transistor 131 is connected to the wiring 143. The
other of the source and drain electrodes of the transistor 131 is connected to the wiring 153
and the other of the electrodes of the capacitor 134. A gate electrode of the transistor 135 is
connected to the wiring 140 and the other of the source and drain electrodes of the transistor
135. The one of the source and drain electrodes of the transistor 135 is connected to the gate
electrode of the transistor 131 and the one of the electrodes of the capacitor 134. A gate
electrode of the transistor 133 is connected to the wiring 240. One of source and drain
electrodes of the transistor 133 is connected to the gate electrode of the transistor 131, the one
of the source and drain electrodes of the transistor 135, and the one of the electrodes of the
capacitor 134. The other of the source and drain electrodes of the transistor 133 is
connected to the GND (ground) electrode.

[0182]

Next, operation of the semiconductor device in FIG. 7A is described with reference
to a timing chart in FIG. 7B.
[0183]

The timing chart in FIG. 7B has a period T1, a period T2, a period T3, a period T4, a
period TS, and a period T6. The signal IN1 is an input signal of tﬁe circuit 100 in a first
stage. The signal IN2 is an input signal of the circuit 100 in a second stage. The signal
CK1, the signal CK2, and the signal CK3 are input signals of the circuits 110, the circuits 120,
and the circuits 130, respectively, included in the circuits 100 in the first stage and the second
stage. The signal OUT1, the signal OUT2, and the signal OUT3 are output signals from the
circuits 110, the circuits 120, and the circuits 130, respectively, included in the circuit 100 in
the first stage. The signal OUT1, the signal OUT2, and the signal OUT3 are inputted as
scan line selection signals from a scan line driver circuit to corresponding scan lines.

[0184]
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. First, operation of a semiconductor device in FIG. 7A in the period T1 is described.
In the period T1, the signal IN1 is in an H level, the signal IN2 is in an L level, the signal
CK1 is in the H level, the signal CK2 is in the L level, and the signal CK3 is in the L level.
Then, the transistor 111 included in the circuit 110 is turned on; therefore, the signal OUT1 is
in the H level, the signal OUT?2 is in the L level, and the signal OUT3 is in the L level.
[0185]

Next, in the period T2, the signal IN1 is in the H level, the signal IN2 is in the L
level, the signal CK1 is in the L level, the signal CK2 is in the H level, and the signal CK3 is
in the Llevel. Then, the transistor 121 included in the circuit 120 is turned on; therefore, the
signal OUT1 is in the L level, the signal OUT2 is in the H level, and the signal OUT3 is in the
Llevel. At that time, the transistor 111 included in the circuit 110 is kept on.

[0186]

Then, in the period T3, the signal IN1 is in the H level, the signal IN2 is in the L
level, the signal CK1 is in the L level, the signal CK2 is in the L level, and the signal CK3 is
in the H level. Then, the transistor 131 included in the circuit 130 is turned on; therefore,
the signal OUT]1 is in the L level, the signal OUT2 is in the L level, and the signal OUT3 is in
the H level. At that time, the transistor 111 included in the circuit 110 and the transistor 121
included in the circuit 120 are kept on.

[0187]

That is, in the period T3, the transistor 111, the transistor 121, and the transistor 131
are kept on. If the state is continued, the signal OUT1, the signal OUT2, and the signal
OUT3 go into the H level when the signal CK1, the signal CK2, and the signal CK3 go into
the H level after the period T3 is over, which sometimes cause a defect in scan line selection.
[0188]

Next, in the period T4, the signal IN1 is in the L level, the signal IN2 is in the H
level, the signal CK1 is in the H level, the signal CK2 is in the L level, and the signal CK3 is
in the L level. When the signal IN2 goes into the H level, the transistor 113 included in the
circuit 110, the transistor 123 included in the circuit 120, and the transistor 133 included in

the circuit 130 is turned on. The other of drain and source electrodes of each of these
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transistors is connected to the GND electrode, so that the potential of one of source and drain
electrodes of each of these transistors goes into the Llevel. Therefore, the gate electrodes of
the transistor 111, the transistor 121, and the transistor 131 connected to the ones of the
source and drain electrodes of the transistors 113, 123, 133, respectively go into the L level,
whereby the transistors 111, 121, and 131 are turned off. Thus, in the period T4, the signal
OUT1 can be kept in the L level even when the signal CK1 is in the H level.

[0189] '

In the period TS and the period T6, as in the period T4, in the case where the signal
IN2 is in the H level, Since the transistor 111, the transistor 121, and the transistor 131 are off,
the signal OUT2 and the signal OUT3 can be kept in the L level even when the signal CK2
and the signal CK3 are in the H level. In addition, at that time, the signal OUT4, the signal
OUTS, and the signal OUT6 outputted from the circuit 100 in the second stage sequentially
go into the H level as in the case where the signal IN1 are inputted to the circuit 100 in the
first stage.

[0190]

In the case where a structure where thé transistor 111, the transistor 121, and the
transistor 131 are not turned off is used, the signal OUT1, the signal OUT2, and the signal
OUT3 go into the H level at the same time as the signal CK1, the signal CK2, and the signal
CK3 go into the H level, which sometimes cause a defect in scan line selection.

[0191]
[Embodiment 5]

In this embodiment, another specific example of Embodiment 3 is described.
[0192]

First, a structure of a semiconductor device of this embodiment will be described
with reference to FIG. 8.

[0193]

The circuit 100 includes the circuit 110, the circuit 120, and the circuit 130. The
circuit 110 includes the transistor 111, the transistor 113, the transistor 115, a transistor 116,

and the capacitor 114. The circuit 120 includes the transistor 121, the transistor 123, the
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transistor 125, a transistor 126, and the capacitor 124. The circuit 130 includes the transistor
131, the transistor 133, the transistor 135, a transistor 136, and the capacitor 134. A signal
IN1, a signal CK1, a signal CK2, a signal CK3, a signal IN2, a signal OUT1, a signal OUT2,
and signal OUT3 are transmitted through the wiring 140, the wiring 141, the wiring 142, the
wiring 143, a wiring 240, the wiring 151, the wiring 152, and the wiring 153, respectively.
[0194]
Next, a connection relation will be described.

[0195]

The circuit 100 is connected to the wiring 140, the wiring 141, the wiring 142, the
wiring 143, and the wiring 240. - The circuit 110 is connected to the wiring 140, the wiring
141, the wiring 240, and the wiring 151. The circuit 120 is connected to the wiring 140, the
wiring 142, the wiring 240, and the wiring 152. The cifcuit 130 is connected to the wiring
140, the wiring 143, the wiring 240, and the wiring 153. That is, the wiring 140 and the
wiring 240 are connected.to each of the circuit 110, the circuit 120, and the circuit 130.

[0196]

The gate electrode of the transistor 111 included in the circuit 110 is connected to
one of the source and drain electrodes of the transistor 115 and one of the electrodes of the
capacitor 114. One of the source and drain electrodes of the transistor 111 is connected to
the wiring 141. The other of the source and drain electrodes of the transistor 111 is
connected to the wiring 151, one of the source and drain electrodes of the transistor 116, and
the other of the electrodes of the capacitor 114. The gate electrode of the transistor 115 is
connected to the wiring 140 and the other of the source and drain electrodes of the transistor
115. One of the source and drain electrodes of the transistor 115 is connected to the gate
electrode of the transistor 111 and the one of the electrodes of the capacitor 114. The gate
electrode of the transistor 113 is connected to the wiring 240. One of the source and drain
electrodes of the transistor 113 is connected to the gate electrode of the transistor 111, one of
the source and drain electrodes of the transistor 115, and the one of the electrodes of the
capacitor 114. The other of the source and drain electrodes of the transistor 113 is connected

to the GND (ground) electrode. A gate electrode of the transistor 116 is connected to the
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wiring 143. The one of the source and drain electrodes of the transistor 116 is connected to
the wiring 151, the other of the source and drain electrodes of the transistor 111, and the other
of the electrodes of the capacitor 114. The other of the source and drain electrodes of the
transistor 116 is connected to the GND (ground) electrode.
[0197]

A gate electrode of the transistor 121 included in the circuit 120 is connected to one
of the source and drain electrodes of the transistor 125 and one of the electrodes of the
capacitor 124.  One of source and drain electrodes of the transistor 121 is connected to the
wiring 142. The other of the source and drain electrodes of the transistor 121 is connected
to the wiring 152, one of the source and drain electrodes of the transistor 126, and the other of
electrodes of the capacitor 124. A gate electrode of the transistor 125 is connected to the
wiring 140 and the other of the source and drain electrodes of the transistor 125. One of the
source and drain electrodes of the transistor 125 is connected to the gate electrode of the
transistor 121 and the one of the electrodes of the capacitor 124. A gate electrode of the
transistor 123 is connected to the wiring 240. One of the source and drain electrodes of the
transistor 123 is connected to the gate electrode of the transistor 121, the one of the source
and drain electrodes of the transistor 125, and the one of the electrodes of the capacitor 124.
The other of the source and drain electrodes of the transistor 123 is connected to the GND
(ground) electrode. A gate electrode of the transistor 126 is connected to the wiring 141.
The one of the source and drain electrodes of the transistor 126 is connected to the wiring 152,
the other of the source and drain electrodes of the transistor 121, and the one of the electrodes
of the capacitor 124. The other of the source and drain electrodes of the transistor 126 is
connected to the GND (ground) electrode.

[0198]

The gate electrode of the transistor 131 included in the circuit 130 is connected to
one of the source and drain electrodes of the transistor 135 and one of electrodes of the
capacitor 134. One of the source and drain electrodes of the transistor 131 is connected to
the wiring 143. The other of the source and drain electrodes of thé transistor 131 is

connected to the wiring 153, one of source and drain electrodes of the transistor 136, and the
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other of the electrodes of the capacitor 134. The gate electrode of the transistor 135 is
connected to the wiring 140 and the other of the source and drain electrodes of the transistor
135. The one of the source and drain electrodes of the transistor 135 is connected to the gate
electrode of the transistor 131 and the one of the electrodes of the capacitor 134. The gate
electrode of the transistor 133 is connected to the wiring 240. One of the source and drain
electrodes of the transistor 133 is connected to the gate electrode of the transistor 131, the one
of the source and drain electrodes of the transistor 135, and the one of the electrodes of the
capacitor 134. The other of the source and drain electrodes of the transistor 133 is
connected to the GND (ground) electrode. A gate electrode of the transistor 136 is
connected to the wiring 142. One of the source and drain electrodes of the transistor 136 is
connected to the wiring 153, one of the source and drain electrodes of the transistor 131, and
one of electrodes of the capacitor 134. The other of the source and drain electrodes of the
transistor 136 is connected to the GND (ground) electrode.

[0199]

Next, operation of the semiconductor device in FIG 8 is described with reference to
the timing chart in FIG. 7B.
[0200]

The timing chart in FIG. 7B has the period T1, the period T2, the period T3, the
period T4, the period TS5, and the period T6. The signal IN1 is an input signal of the circuit
100 in a first stage. The signal IN2 is an input signal of the circuit 100 in a second stage.
The signal CK1, the signal CK2, and the signal CK3 are input signals of the circuits 110, the
circuits 120, and the circuits 130, respectively, included in the circuits 100 in the first stage
and the second stage. The signal OUT1, the signal OUT2, and the signal OUT3 are output
signals from the circuits 110, the circuits 120, and the circuits 130, respectively, included in
the circuit 100 in the first stage. Then, the signal OUT1, the signal OUT?2, and the signal
OUT3 are inputted as scan line selection signals from a scan line driver circuit to
corresponding scan lines.

[0201]

First, operation of a semiconductor device in FIG. 8 in the period T1 is described.
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In the period T1, the signal IN1 is in the H level, the signal IN2 is in the L level, the signal

. CK1 is in the H level, the signal CK2 is in the L level, and the signal CK3 is in the L level.

Then, the transistor 111 included in the circuit 110 is turned on; therefore, the signal OUT1 is
in the H level, the signal OUT?2 is in the L level, and the signal OUT3 is in the L level. At
that time, the transistor 126 included in the circuit 120 is turned on and the signal OUT2 goes
into the L level.

[0202]

Next, in the period T2, the signal IN1 is in the H level, the signal IN2 is in the L
level, the signal CK1 is in the L level, the signal CK2 is in the H level, and the signal CK3 is
in the L level. Then, the transistor 121 included in the circuit 120 is turned on; therefore, the
signal OUT1 is in the L level, the signal OUT?2 is in the H level, and the signal OUT3 is in the
Llevel. At that time, the transistor 111 included in the circuit 110 is kept on. Further, the
transistor 136 included in the circuit 130 is turned on and the signal OUT3 goes into the L
level.

[0203]

Then, in the period T3, the signal IN1 is in the H level, the signal IN2 is in the L
level, the signal CK1 is in the L level, the signal CK2 is in the L level, and the signal CK3 is
in the H level. Then, the transistor 131 included in the circuit 130 is turned on; therefore,
the signal OUT1 is in the L level, the signal OUT2 is in the L level, and the signal OUT3 is in
the H level. At that time, the transistor 111 included in the circuit 110 and the transistor 121
included in the circuit 120 are kept on. Further, the transistor 116 included in the circuit 110
is turned on and the signal OUT1 goes into the L level.

[0204]

Next, in the period T4, the signal IN1 is in the L level, the signal IN2 is in the H
level, the signal CK1 is in the H level, the signal CK2 is in the L level, and the signal CK3 is
in the Llevel. When the signal IN2 goes into the H level, the transistor 113 included in the
circuit 110, the transistor 123 included in the circuit 120, and the transistor 133 included in
the circuit 130 is turned on. The other of drain and source electrodes of each of these

transistors is connected to the GND electrode, so that the potential of one of source and drain
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electrodes of each of these transistors goes into the L level.  Therefore, the gate electrodes of
the transistor 111, the transistor 121, and the transistor 131 connected to the one of the source
and drain electrodes of the transistors 111, 121, and 131 go into the L level, whereby these
transistors are turned off. Thus, in the period T4, the signal OUT1 can be kept in the L level
event when the signal CK1 goes into the H level. Further, as in the period T1, since the
signal CK1 is in the H level, the transistor 126 included in the circuit 120 is ON, the signal
OUT2 is in the Llevel.

[0205]

In the period T5 and the period T6, as in the period T4, in the case where the signal
IN2 is in the H level, since the transistor 111, the transistor 121, and the transistor 131 are off,
the signal OUT2 and the signal OUT3 can be kept in the L level even when the signal CK2
and the signal CK3 are in the H level. In addition, at that time, the signal OUT4, the signal
OUTS, and the signal OUT6 outputted from the circuit 100 in the second stage sequentially
go into the H level as in the case where the signal IN1 are inputted to the circuit 100 in the
first stage. Further, the transistor 136 included in the circuit 130 is ON in the period T5 and
the transistor 116 included in the circuit 110 is ON in the period T6, so that the signal OUT3
and the signal OUT1 go into the L level.

[0206]

As thus described, the signal OUT], the signal OUT2, and the signal OUT3 go into
the L level by turning on the transistor 116 included in the circuit 110, the transistor 126
included in the circuit 120, and the transistor 136 included in the circuit 130; so that a defect
in scan line selection can be suppressed.

[0207]
[Embodiment 6]

This embodiment describes another example of a semiconductor device in which a
plurality of signals can be obtained from one signal. In this embodiment, a connection
relation between a transistor and a signal IN and a connection relation between the transistor
and a signal CK in Embodiment 3 are switched.

[0208]
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First, a structure of a semiconductor device of this embodiment will be described
with reference to FIG. 9.

[0209]

The circuit 100 includes the circuit 110, the circuit 120, and the circuit 130. The
circuit 110 includes the transistor 111, the circuit 112, and the capacitor 114. The circuit 120
includes the transistor 121, the circuit 122, and the capacitor 124. The circuit 130 includes
the transistor 131, the circuit 132, and the capacitor 134. A signal IN, a signal CK1, a signal
CK2, a signal CK3, a signal OUT]1, a signal OUT2, and signal OUT3 are transmitted through
the wiring 140, the wiring 141, the wiring 142, the wiring 143, the wiring 151, the wiring 152,
and the wiring 153, respectively.

[0210]

Next, a connection relation will be described.
[0211]

The circuit 100 is connected to the wiring 140, the wiring 141, the wiring 142, and
the wiring 143. The circuit 110 is connected to the wiring 140, the wiring 141, and the
wiring 151. The circuit 120 is connected to the wiring 140, the wiring 142, and the wiring
152. The circuit 130 is connected to the wiring 140, the wiring 143, and the wiring 153.
That is, the wiring 140 is connected to each of the circuit 110, the circuit 120, and the circuit
130.

[0212]

Next, operation of a semiconductor device in FIG. 9 is described with reference to
the timing chart in FIG. 6B.
[0213]

The timing chart in FIG. 6B has the period T1, the period T2, and the period T3.
The signal IN is an input signal of the circuit 100. The signal CK1, the signal CK2, and the
signal CK3 are input signals to the circuit 110, the circuit 120, and the circuit 130,
respectively. The signal OUT1, the signal OUT2, and the signal OUT3 are output signals
from‘the circuit 110, the circuit 120, and the circuit 130, respectively.

[0214]
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First, operation of the semiconductor device in FIG 9 in the period T1 is described.
In the period T1, the signal IN is in the H level, the signal CK1 is in the H level, the signal
CK?2 is in the L level, and the signal CK3 is in the L level. Then, the transistor 111 included
in the circuit 110 is turned on; therefore, the signal OUT1 is in the H level, the signal OUT?2 is
in the L level, and the signal OUT3 is in the L level.

[0215]

Next, in the period T2, the signal IN is in the H level, the signal CK1 is in the L level,
the signal CK2 is in the H level, and the signal CK3 is in the L level. Then, the transistor
121 included in the circuit 120 is turned on; therefore, the signal OUT1 is in the L level, the
signal OUT?2 is in the H level, and the signal OUTS3 is in the Llevel.

[0216]

Then, in the period T3, the signal IN is in the H level, the signal CK1 is in the L level,
the signal CK2 is in the L level, and the signal CK3 is in the H level. Then, the transistor
131 included in the circuit 130 is turned on; therefore, the signal OUT1 is in the L level, the
signal OUT?2 is in the L level, and the signal OUT3 is in the H level.

[0217]

Then, the signal OUT]1, the signal OUT2, and the signal OUT3 outputted from the
circuit 110, the circuit 120, and the circuit 130, respectively, are inputted as scan line selection
signals from a scan line driver circuit to corresponding scan lines.

[0218]

In this manner, a plurality of signals can be obtained from the signal IN. At this
time, capacitive coupling of the capacitor 114, the capacitor 124, and the capacitor 134
included in the circuit 110, the circuit 120, and the circuit 130, respectively, makes the
amplitude of the signal OUT], the signal OUT2, and the signal OUT3 the same as that of the
signal CK1, the signal CK2, and the signal CK3, respectively.

[0219]

Further, each of potentials of respective gate electrodes of the transistor 111, the

transistor 121, and the transistor 131 is increased by bootstrap operation in accordance with

the respective signals OUT1, OUT2, and OUT3. That is, Vgs of a transistor can be
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increased or kept large, so that distortion of the signals OUT1 to OUT3 is decreased.
Alternatively, rising times or falling times of the signals OUT1 to OUT3 can be shortened.
[0220]

In addition, since a signal which has larger amplitude than the signal IN or a power
supply voltage is not additionally needed, power consumption can be reduced.
[0221]

[Embodiment 7]

This embodiment describes a specific example of Embodiment 4.
[0222]

First, a structure of a semiconductor device of this embodiment will be described
with reference to FIG. 10.

[0223]

The circuit 100 includes the circuit 110, the circuit 120, and the circuit 130. The
circuit 110 includes the transistor 111, the transistor 113, the transistor 115, and the capacitor
114. The circuit 120 includes the transistor 121, the transistor 123, the transistor 125, and
the capacitor 124. The circuit 130 includes the transistor 131, the transistor 133, the
transistor 135, and the capacitor 134. A signal IN, a signal CK1, a signal CK2, a signal CK3,
a signal OUT]1, a signal OUT2, and signal OUT3 are transmitted through the wiring 140, the
wiring 141, the wiring 142, the wiring 143, the wiring 151, the wiring 152, and the wiring
153, respectively. A
[0224]

Next, a connection relation will be described.

[0225]

The circuit 100 is connected to the wiring 140, the wiring 141, the wiring 142, and
the wiring 143. The circuit 110 is connected to the wiring 140, the wiring 141, and the
wiring 151.  The circuit 120 is connected to the wiring 140, the wiring 142, and the wiring
152. The circuit 130 is connected to the wiring 140, the wiring 143, and the wiring 153.
That is, the wiring 140 is connected to each of the circuit 110, the circuit 120, and the circuit

130.
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[0226]

The gate electrode of the transistor 111 included in the circuit 110 is connected to
one of the source and drain electrodes of the transistor 115 and one of electrodes of the
capacitor 114. One of the source and drain electrodes of the transistor 111 is connected to
the wiring 140. The other of the source and drain electrodes of the transistor 111 is
connected to the wiring 151, and the other of the electrodes of the capacitor 114. The gate
electrode of the transistor 115 is connected to the wiring 141 and the other of the source and
drain electrodes of the transistor 115. The one of the source and drain electrodes of the
transistor 115 is connected to the gate electrode of the transistor 111 and the one of the
electrodes of the capacitor 114. The gate electrode of the transistor 113 is connected to the
wiring 142. One of the source and drain electrodes of the transistor 113 is connected to the
gate electrode of the transistor 111, the one of the source and drain electrodes of the transistor
115, and the one of the electrodes of the capacitor 114. The other of the source and drain
electrodes of the transistor 113 is connected to the GND (ground) electrode.

[0227]

The gate electrode of the transistor 121 included in the circuit 120 is connected to
one of the source and drain electrodes of the transistor 125 and one of electrodes of the
capacitor 124. One of the source and drain electrodes of the transistor 121 is connected to
the wiring 140. The other of the source and drain electrodes of the transistor 121 is
connected to the wiring 152, and the other of the electrodes of the capacitor 124. The gate
electrode of the transistor 125 is connected to the wiring 142 and the other of the source and
drain electrodes of the transistor 125. The one of the source and drain electrodes of the
transistor 125 is connected to the gate electrode of the transistor 121 and the one of the
electrodes of the capacitor 124. The gate electrode of the transistor 123 is connected to the
wiring 143." One of the source and drain electrodes of the transistor 123 is connected to the
gate electrode of the transistor 121, the one of the source and drain electrodes of the transistor
125, and the one of the electrodes of the capacitor 124. The other of the source and drain
electrodes of the transistor 123 is connected to the GND (ground) electrode.

[0228]
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The gate electrode of the transistor 131 included in the circuit 130 is connected to
one of the source and drain electrodes of the transistor 135 and one of electrodes of the
capacitor 134. One of the source and drain electrodes of the transistor 131 is connected to
the wiring 140. The other of the source and drain electrodes of the transistor 131 is
connected to the wiring 153, and the other of the electrodes of the capacitor 134. The gate
electrode of the transistor 135 is connected to the wiring 143 and the other of the source and
drain electrodes of the transistor 135. The one of the source and drain electrodes of the
transistor 135 is connected to the gate electrode of the transistor 131 and the one of electrodes
of the capacitor 134. The gate electrode of the transistor 133 is connected to the wiring 141.
One of the source and drain electrodes of the transistor 133 is connected to the gate electrode

of the transistor 131, the one of the source and drain electrodes of the transistor 135, and the

* one of the electrodes of the capacitor 134. The other of the source and drain electrodes of

the transistor 133 is connected to the GND (ground) electrode.
[0229]

Next, operation of the semiconductor device in FIG 10 is described with reference to
the timing chart in FIG. 6B.
[0230]

The timing chart in FIG. 6B has the period T1, the period T2, and the period T3.
The signal IN is an input signal of the circuit 100. The signal CK1, the signal CK2, and the
signal CK3 are input signals to the circuit 110, the circuit 120, and the circuit 130,
respectively. The signal OUT1, the signal OUT2, and the signal OUT3 are output signals
from the circuit 110, the circuit 120, and the circuit 130, respectively. The signal OUT1, the
signal OUT?2, and the signal OUT3 are inputted as scan line selection signals from a scan line
driver circuit to corresponding scan lines.
[0231]

First, operation of the semiconductor device in FIG 10 in the period T1 is described.
In the period T1, the signal IN is in the H level, the signal CK1 is in the H level, the signal
CK2 is in the L level, and the signal CK3 is in the L level. Then, the transistor 111 included
in the circuit 110 is turned on; therefore, the signal OUT1 is in the H level, the signal OUT2 is
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in the L level, and the signal OUT3 is in the Llevel. At that time, the transistor 111 included
in the circuit 110 is kept on.
[0232]

Next, in the period T2, the signal IN1 is in the H level, the signal CK1 is in the L
level, the signal CK2 is in the H level, and the signal CK3 is in the L level. Then, the
transistor 121 included in the circuit 120 is turned on; therefore, the signal OUT1 is in the L
level, the signal OUT?2 is in the H level, and the signal OUT3 is in the L level. At that time,
the transistor 113 included in the circuit 110 is turned on.  Since the other of the source and
drain electrodes of the transistor 113 is connected to the GND electrode, the potential of one
of the source and drain electrodes of the transistor 113 goes into the L level. Therefore, the
gate electrode of the transistor 111 connected to one of the source and drain electrodes of the
transistor 113 goes into the L level, whereby the transistor 111 is turned off. Thus, the signal
OUTT1 can be kept in the L level even when the signal IN is in the H level in the period T2.
Further, the transistor 121 included in the circuit 120 is kept on.

[0233]

Then, in the period T3, the signal IN is in the H level, the signal CK1 is in the L level,
the signal CK2 is in the L level, and the signal CK3 is in the H level. Then, the transistor
131 included in the circuit 130 is turned on; therefore, the signal OUT1 is in the L level, the
signal OUT2 is in the L level, and the signal OUT3 is in the H level. At that time, the
transistor 123 included in the circuit 120 is turned on. Since the other of the source and
drain electrodes of the transistor 123 is connected to the GND electrode, the potential of one
of the source and drain electrodes of the transistor 123 goes into the L level. Therefore, the
gate electrode of the transistor 121 connected to one of the source and drain electrodes of the
transistor 123 goes into the L level, whereby the transistor 121 is turned off. Thus, the signal
OUT?2 can be kept in the L level even when the signal IN is in the H level in the period T3.
Further, the transistor 131 included in the circuit 130 is kept on.

[0234]
Similarly, when the period proceeds to the next period, the transistor 131 is turned

off with use of the signal CK1, so that the signal OUT3 can be kept in the L level.
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[0235] |

In the case where a structure where the transistor 111, the transistor 121, and the
transistor 131 are not turned off is used, the signal OUT1, the signal OUT2, and the signal
OUT3 are in the H level during the signal IN is in the H level, which sometimes cause a
defect in scan line selection.

[0236]
[Embodiment 8]

This embodiment describes another specific example of Embodiment 4.
[0237]

First, a structure of a semiconductor device of this embodiment will be described
with reference to FIG. 11.

[0238]

The circuit 100 includes the circuit 110, the circuit 120, and the circuit 130. The
circuit 110 includes the transistor 111, the transistor 113, the transistor 115, the transistor 116,
and the capacitor 114. The circuit 120 includes the transistor 121, the transistor 123, the
transistor 125, the transistor 126, and the capacitor 124. The circuit 130 includes the
transistor 131, the transistor 133, the transistor 135, the transistor 136, and the capacitor 134.
A signal IN, a signal CK1, a signal CK2, a signal CK3, a signal OUT]1, a signal OUT2, and
signal OUT3 are transmitted through the wiring 140, the wiring 141, the wiring 142, the
wiring 143, the wiring 151, the wiring 152, and the wiring 153, respectively.

[0239]

Next, connection relation is described.
[0240]

The circuit 100 is connected to the wiring 140, the wiring 141, the wiring 142, and
the wiring 143. The circuit 110 is connected to the wiring 140, the wiring 141, and the
wiring 151. The circuit 120 is connected to the wiring 140, the wiring 142, and the wiring
152. The circuit 130 is connected to the wiring 140, the wiring 143, and the wiring 153.
That is, the wiring 140 is connected to each of the circuit 110, the circuit 120, and the circuit

130.
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[0241] |

The gate electrode of the transistor 111 included in the circuit 110 is connected to
one of the source and drain electrodes of the transistor 115 and one of the electrodes of the
capacitor 114. One of the source and drain electrodes of the transistor 111 is connected to
the wiring 140. The other of the source and drain electrodes of the transistor 111 is
connected to the wiring 151, one of the source and drain electrodes of the transistor 116, and
the other of the electrodes of the capacitor 114. The gate electrode of the transistor 115 is
connected to the wiring 141 and the other of the source and drain electrodes of the transistor
115. The one of the source and drain electrodes of the transistor 115 is connected to the gate
electrode of the transistor 111 and the one of the electrodes of the capacitor 114. The gate
electrode of the transistor 113 is connected to the wiring 142. One of the source and drain
electrodes of the transistor 113 is connected to the gate electrode of the transistor 111, the one
of the source and drain electrodes of the transistor 115, and the one of the electrodes of the
capacitor 114. The other of the source and drain electrodes of the transistor 113 is connected
to the GND (ground) electrode. The gate electrode of the transistor 116 is connected to the
wiring 143. The one of the source and drain electrodes of the transistor 116 is connected to
the wiring 151, the other of the source and drain electrodes of the transistor 111, and the other
of the electrodes of the capacitor 114. The other of the source and drain electrodes of the
transistor 116 is connected to the GND (ground) electrode.

[0242]

The gate electrode of the transistor 121 included in the circuit 120 is connected to
one of the source and drain electrodes of the transistor 125 and one of electrodes of the
capacitor 124. One of the source and drain electrodes of the transistor 121 is connected to
the wiring 140. The other of the source and drain electrodes of the trailsistor 121 is
connected to the wiring 152, one of the source and drain electrodes of the transistor 126, and
the other of the electrodes of the capacitor 124. The gate electrode of the transistor 125 is
connected to the wiring 142 and the other of the source and drain electrodes of the transistor
125. The one of the source and drain electrodes of the transistor 125 is connected to the gate

electrode of the transistor 121 and the one of the electrodes of the capacitor 124. The gate
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electrode of the transistor 123 is connected to the wiring 143. One of the source and drain
electrodes of the transistor 123 is connected to the gate electrode of the transistor 121, the one
of the source and drain electrodes of the transistor 125, and the one of the electrodes of the
capacitor 124. The other of the source and drain electrodes of the transistor 123 is
connected to the GND (ground) electrode. The gate electrode of the transistor 126 is
connected to the wiring 141.  The one of the source and drain electrodes of the transistor 126
is connected to the wiring 152, the other of the source and drain electrodes of the transistor
121, and the other of the electrodes of the capacitor 124. The other of the source and drain
electrodes of the transistor 126 is connected to the GND (ground) electrode.

[0243]

The gate electrode of the transistor 131 included in the circuit 130 is connected to
one of the source and drain electrodes of the transistor 135 and one of electrodes of the
capacitor 134. One of the source and drain electrodes of the transistor 131 is connected to
the wiring 140. The other of the source and drain electrodes of the transistor 131 is
connected to the wiring 153, one of the source and drain electrodes of the transistor 136, and
the other of the electrodes of the capacitor 134. The gate electrode of the transistor 135 is
connected to the wiring 143 and the other of the source and drain electrodes of the transistor
135. The one of the source and drain electrodes of the transistor 135 is connected to the gate
electrode of the transistor 131 and the one of the electrodes of the capacitor 134. The gate
electrode of the transistor 133 is connected to the wiring 141. One of the source and drain
electrodes of the transistor 133 is connected to the gate electrode of the transistor 131, the one
of the source and drain electrodes of the transistor 135, and the one of the electrodes of the
capacitor 134. The other of the source and drain electrodes of the transistor 133 is
connected to the GND (ground) electrode. The gate electrode of the transistor 136 is
connected to the wiring 142. The one of the source and drain electrodes of the transistor 136
is connected to the wiring 153, the other of the source and drain electrodes of the transistor
131, and the other of the electrodes of the capacitor 134. The other of the source and drain
electrodes of the transistor 136 is connected to the GND (ground) electrode.

[0244]
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Next, operatjon of the semiconductor device in FIG. 11 is described with reference to
the timing chart in FIG. 6B.
[0245]

Thevtiming chart in FIG. 6B has the period T1, the period T2, and the period T3.
The signal IN is an input signal of the circuit 100. The signal CK1, the signal CK2, and the
signal CK3 are input signals to the circuit 110, the circuit 120, and the circuit 130,
respectively. The signal OUT1, the signal OUT2, and the signal OUT3 are output signals
from the circuit 110, the circuit 120, and the circuit 130, respectively. |
[0246]

First, operation of the semiconductor device in FIG 11 in the period T1 is described.
In the period T1, the signal IN is in the H level, the signal CK1 is in the H level, the signal
CK?2 is in the L level, and the signal CK3 is in the Llevel. Then, the transistor 111 included
in the circuit 110 is turned on and the signal OUT1 goes into the H level, the signal OUT2
goes into the L level, and the signal OUT3 goes into the L level. At that time, the transistor
126 included in the circuit 120 is turned on and the signal OUT2 goes into the L level.

[0247]

Next, in the period T2, the signal IN1 is in the H level, the signal CK1 is in the L
level, the signal CK2 is in the H level, and the signal CK3 is in the L level. Then, the
transistor 121 included in the circuit 120 is turned on and the signal OUT1 is in the L level,
the signal OUT?2 is in the H level, and the signal OUT3 is in the L level. At that time, the
transistor 113 included in the circuit 110 is turned on. Since the other of the source and
drain electrodes of the transistor 113 is connected to the GND electrode, the potential of one
of the source and drain electrodes of the transistor 113 goes into the L level. Therefore, the
gate electrode of the transistor 111 connected to one of the source and drain electrodes of the
transistor 113 goes into the L level, whereby the transistor 111 is turned off. Thus, the signal
OUT]1 can be kept in the L level even when the signal IN is in the H level in the period T2.
Further, the transistor 136 included in the circuit 130 is turned on, so that the signal OUT3
goes into L level.

[0248]
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Then, in the period T3, the signal IN is in the H level, the signal CK1 is in the L level,
the signal CK2 is in the L level, and the signal CK3 is in the H level. Then, the transistor
131 included in the circuit 130 is turned on and the signal OUT1 is in the L level, the signal
OUT2 is in the L level, and the signal OUT3 is in the H level. At that time, the transistor
123 included in the circuit 120 is turned on. Since the other of the source and drain
electrodes of the transistor 123 is connected to the GND electrode, the potential of one of the
source and drain electrodes of the transistor 123 goes into the L level. Therefore, the gate
electrode of the transistor 121 connected to one of the source and drain electrodes of the
transistor 123 goes into the L level, whereby the transistor 121 is turned off. Thus, the signal
OUT?2 can be kept in the L level even when the signal IN is in the H level in the period T3.
Further, the transistor 116 included in the circuit 110 is turned on, so that the signal OUT1
goes into the Llevel.
[0249]

Similarly, when the period proceeds to the next period, the transistor 131 is turned
off with use of the signal CK1, so that the signal OUT3 can be kept in the L level.
[0250]

As thus described, the signal OUT1, the signal OUT2, and the signal OUT3 go into
the L level by turning on the transistor 116 included in the circuit 110, the transistor 126
included in the circuit 120, and the transistor 136 included in the circuit 130; so that a defect
in scan line selection can be suppressed.
[0251]
[Embodiment 9]

This embodiment describes a driver circuit to which a structure related to an
embodiment of this invention is adopted.
[0252]

First, a structure of a semiconductor device in this embodiment is described with the
circuit 100 in FIG 6A given for example and with reference to FIG. 12.
[0253]

A shift register 2000 outputs a plurality of signals sequentially. The circuits lOO‘in
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a first stage to an n-th stage is a circuit related to an embodiment of this invention and, here,
each output three signals which can be obtained from one signal here. Further, output
signals from the shift register 2000 is transmitted through the wirings 140 to the circuits 100
in the first stage to the n-th stage. Signals OUT1 to OUT3 are transmitted through n groups
of the respective wirings 151 to 153.
[0254]

Next, a connection relation will be described.
[0255]

The shift register 2000 is connected to the wiring 140. The circuit 100 is connected
to the wiring 140, the wiring 151, the wiring 152, and the wiring 153.
[0256]

Next, operation of the semiconductor device in FIG. 12 is described with reference to
a timing chart in FIG. 13.
[0257]

The timing chart in FIG. 13 shows one frame period of the driver circuit. A signal
SRoutl is an input signal of the circuit 100 in the first stage. A signal SRout2 is an input
signal of the circuit 100 in the second stage. A signal SRout¥ is an input signal of the circuit
100 in the n-th stage. A period with a pulse of these signals SRoutl to SRoutN represents a
sub-frame period. A signal CK1, a signal CK2, and a signal CK3 are input signals of each
of the circuits 100 in the first stage to the n-th stage. A period with pulses of these signals
CK1 to CK3 represents a scan line selection period. Signals OUT1 to OUT3n are output
signals of each of the circuit 100 in the first stage to the n-th stage.
[0258]

| A signal OUT goes into the H level only when the signal SRout and the signal CK

which are sequentially inputted both go into the H level. That is, when the signals SRout1 to
SRoutN are inputted in one frame period, the signals OUT1 to OUT3n are outputted. Thus,
scan lines 1 to 3n can be controlled in one frame period. Further, the signal SRout and the
signal CK are inputted and the signal OUT is outputted also in a second frame and its

subsequent frames. In general, moving images are displayed by being processed in 60
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frames per second.
[0259]

Note that in this embodiment, a structure of a circuit which is provided on the output
side of the shift register in a scan line driver circuit is described by giving the circuit 100 in
FIG. 6A for example. However, the circuit 100 illustrated in FIG. 7A, FIG. 8, FIG. 9, FIG. 10
and FIG. 11 can be used for the semiconductor device related to an embodiment of this
invention. |
[0260]

[Embodiment 10]

This embodiment describes an example of a cross-sectional structure of a display
device.
[0261]

FIG. 14A illustrates an example of a top view of the display device. A driver circuit
portion 5392 and a pixel portion 5393 are formed over a substrate 5391. An example of the
driver circuit portion 5392 is a scan line driver circuit, a signal line driver circuit, or the like.
[0262]

FIG. 14B illustrates an example of a cross-sectional view of the driver circuit portion
5392 (a cross section taken along line A-B in FIG. 14A). For example, FIG. 14B illustrates a
substrate 5401, a conductive layer 5402a, a conductive layer 5402b, an insulating layer 5403,
a conductive layer 5404a, a conductive layer 5404b, a semiconductor layer 5405, an
insulating layer 5406, a conductive layer 5407, a liquid crystal layer 5408, an insulating layer
5409, a conduction layer 5410, and a substrate 5411. For example, the conductive layer
5402a is formed over the substrate 5401.  For example, the conductive layer 5402b is
formed over the conductive layer 5402a. For example, the insulating layer 5403 is formed
over the substrate 5401, the conductive layer 5402a, and the conductive layer 5402b. For
example, the conductive layer 5404a is formed over the insulating layer 5403. For example,
the conductive layer 5404b is formed over the conductive layer 5404a. For example, the
semiconductor layer 5405 is formed over the insulating layer 54013. For example, the

insulating layer 5406 is formed over the insulating layer 5403, the conductive layer 5404a,
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the conductive layer 5404b, and the semiconductor layer 5405. For example, the conductive
layer 5407 is formed in an opening portion of the insulating layer 5406 and over the
insulating layer 5406. For example, the liquid crystal layer 5408 is formed over the
insulating layer 5406. For example, the insulating layer 5409 is formed over the insulating
layer 5406 and the conductive layer 5407. For example, the conductive layer 5410 is
formed over the liquid crystal layer 5408 and the insulating layer 5409. For example, the
substrate 5411 is formed over the insulating layer 5410.

[0263]

FIG. 14C illustrates an example of a cross-sectional view of the pixel portion 5393 (a
cross section taken along line C-D in FIG. 14A). For example, FIG. 14C illustrates the
substrate 5401, the conductive layer 5402a, the insulating layer 5403, the conductive layer
5404a, the semiconductor layer 5405, the insulating layer 5406, the conductive layer 5407,
the liquid crystal layer 5408, the conduction layer 5410, and the substrate 5411. For
example, the conductive layer 5402a is formed over the substrate 5401. For example, the
insulating layer 5403 is formed over the substrate 5401 and the conductive layer 5402a. For
example, the conductive layer 5404a is formed over the insulating layer 5403. For example,
the semiconductor layer 5405 is formed over the insulating layer 5403. For example, the
insulating layer 5406 is formed over the insulating layer 5403, the conductive layer 5404a,
and the semiconductor layer 5405. For example, the conductive layer 5407 is formed in an
opening portion of the insulating layer 5406 and over the insulating layer 5406. For
example, the liquid crystal layer 5408 is formed over the insulating layer 5406 and the
conduction layer 5407. For example, the conductive layer 5410 is formed over the liquid
crystal layer 5408. For example, the substrate 5411 is formed over the insulating layer 5410.
[0264] |

For example, the conductive layer 5402a and the conductive layer 5402b can
function as gate electrodes or gate wirings. For example, the insulating layer 5403 can
function as a gate insulating layer. For example, the conductive layer 5404a and the
conductive layer 5404b can function as wirings, electrodes of a transistor, electrodes of a

capacitor, or the like. For example, the insulating layer 5406 can function as an interlayer
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film or a planarizing film. For example, the conductive layer 5407 can function as a wiring,
a pixel electrode, a light-transmitting electrode, or a reflective electrode. For example, the
insulating layer 5409 can function as a sealing material. For example, the conductive layer
5410 can function as a counter electrode, a common electrode, or a reflective electrode.
[0265]

Here, for example, the conductive layer 5402a and the conductive layer 5404a can
be formed using a light-transmitting material. For example, the conductive layer 5402b and
the conductive layer 5404b can be formed using a material having higher conductivity
material than a material used for the conductive layer 5402a and the conductive layer 5404a.
For example, the conductive layer 5402b and the conductive layer 5404b can be formed using
a light-blocking material. In this manner, the resistance of wirings can be reduced in the
driver circuit portion 5392. Therefore, power consumption of the driver circuit can be
reduced, driving frequency can be high, or a driving voltage can be low. Meanwhile,
wirings, electrodes of a transistor, electrodes of a storage capacitor, and/or the like in the
driver circuit portion 5392 can transmit light. That is, a light-transmitting region (an
opening portion of a pixel) can be larger. Therefore, power consumption can be reduced or
resolution of the pixel portion can be high. However, an example of this embodiment is not
limited to this. For example, the conductive layer 5402a and the conductive layer 5404a can
be formed using a light-blocking material. Alternatively, in the pixel portion 5393, a gate
wiring can have a layered structure of the conductive layer 5402a and the conductive layer
5402b like a wiring of the driver circuit portion 5392. Moreover, for example, a source
wiring can have a layered structure of the conductive layer 5404a and the conductive layer
5404b. In this manner, delay or distortion of a signal (e.g;, a video signal or a scan line
selection signal) inputted to a pixel can be small. In another example, one or both of the
conductive layer 5402a or 5402b and the conductive layer 5404a or 5404b can be omitted.
In another example, in one or both of a transistor portion of the driver circuit portion 5392
and a transistor portion of the pixel portion 5393, a gate electrode can have a layered structure
of the conductive layer 5402a and the conductive layer 5402b. In another example, the

conductive layer 5402b can be formed under the conductive layer 5402a. In another
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example, the conductive layer 5404b can be formed under the conductive layer 5404a. In
another example, the semiconductor layer 5405 can be formed over the insulating layer 5403
and the conductive layer 5402a can be formed over the insulating layer 5403 and the
semiconductor layer 5405.
[0266]

Note that, for example, an oxide semiconductor can be used for a semiconductor
layer. For example, an oxide semiconductor often has a light-transmitting property. When
an oxide semiconductor is combined with a display device in this embodiment, the aperture
ratio of a pixel can be improved. However, an example of this embodiment is not limited to
this. For example, for the semiconductor layer, a single crystal semiconductor, a
polycrystalline semiconductor, a microcrystalline (microcrystal or nanocrystal)
semiconductor, an amorphous semiconductor, various non-single-crystal semiconductors, or
the like can be used.

[0267]

Note that, for example, a light-emitting element (e.g.,.an EL element) can be used as
a display element. FIG. 15A illustrates an example of a cross-sectional view of the driver
circuit portion 5392 in a display device in which a light-emitting element is used as a display
element for example. FIG. 15A is different from FIG. 14B in that an insulating layer 5412 is
formed over the insulating layer 5406 and the conduction layer 5407, the insulating layer
5409 and a filler 5414 are formed over the insulating layer 5412, and the like. FIG 15B
illustrates an example of a cross-sectional view of the pixel portion 5393 in a display device
in which a light-emitting element is used as a display element. FIG. 15B is different from
FIG. 14C in that the insulating l‘ayer 5412 is formed over the insulating layer 5406 and the
conduction layer 5407, a light-emitting layer 5413 is formed over an opening portion of the
insulating layer 5412, the conductive layer 5410 is formed over the insulating layer 5412 and
the light-emitting layer 5413, the filler 5414 is formed over the conductive layer 5410, and
the like. For example, the insulating layer 5412 can function as a partition wall. However,
an example of this embodiment is not limited to this.

[0268]
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Note that, for example, an element (e.g., an electrophoresis element, a particle
movement element, and electronic liquid powder) in which particle moves to perform display
can be used as a display element. In such a manner, an electronic paper can be
manufactured. FIG. 16A illustrates an example of a cross-sectional view of the driver circuit
portion 5392 in a display device in which an electrophoresis element is used as a display
element. In a part of the driver circuit portion 5392, an electrophoresis element is provided
between the insulating layer 5406 and the conductive layer 5410. In addition, the insulating
layer 5409 is formed so as to cover the electrophoresis element. FIG. 16B illustrates an
example of a cross-sectional view of the pixel portion 5393 in a display device in which an
electrophoresis element is used as a display element. The electrophoresis element is
provided between the conductive layer 5407 and the conductive layer 5410. Note that, for
example, the electrophoresis element includes a capsule 5415, liquid 5416, particles 5417,
and particles 5418. The liquid 5416, the particles 5417, and the particles 5418 are in the
capsule 5415 for example. For example, the liquid 5416 often has an insulating property
and a light-transmitting property. One of the particles 5417 and the particles 5418 is
positively charged and the other thereof is negatively charged in many cases. One of the
particles 5417 and the particles 5418 is white and the other thereof is black in many cases.
However, an example of this embodiment is not limited to this. For example, colors of the
particles 5417 and the particles 5418 are not limited to white or black, and different colors
can be used (e.g., red, green, blue, magenta, yellow, and cyan).

[0269]

In the display device in this embodiment, an aperture rate of the pixel can be
improved while performance of the driver circuit is improved. Further, when the structures
described in Embodiments 3 to 9 are used for the driver circuit, power consumption can be
reduced, driving frequency is improved, and resolution of the pixel portion can be high.
[0270]

[Embodiment 11]
This embodiment describes examples of electronic devices.

[0271]
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FIGS. 17A to 17H and FIGS. 18A to 18D illustrate electronic devices. These
electronic devices can include a housing 5000, a display portion 5001, a speaker 5003, an
LED lamp 5004, operation keys 5005 (including a power switch or operation switch), a
connection terminal 5006, a sensor 5007 (a sensor having a function of measuring force,
displacement, position, speed, acceleration, angular velocity, rotational frequency, distance,
light, liquid, magnetism; temperature, chemical substance, sound, time, hardness, electric
field, current, voltage, electric power, radiation, flow rate, humidity, gradient, oscillation, odor,
or infrared ray), a microphone 5008, and the like.

[0272]

FIG. 17A illustrates a mobile computer which can include a switch 5009, an infrared
port 5010, and the like in addition to the above objects. FIG. 17B illustrates a portable
image reproducing device (e.g., a DVD reproducing device) provided with a memory
medium, which can include a second display portion 5002, a memory medium readifxg
portion 5011, and the like in addition to the above objects. FIG 17C illustrates a
goggle-type display which can include the second display portion 5002, a supporting portion
5012, an earphone 5013, and the like in addition to the above objects. FIG. 17D illustrates a
portable game machine which can include the memory medium reading portion 5011 and the
like in addition to the above objects. FIG. 17E illustrates a projector which can include a
light source 5033, a projection lens 5034, and the like in addition to the above objects. FIG
17F illustrates a portable game machine which can include the second display portion 5002,
the memory medium reading portion 5011, and the like in addition to the above objects. FIG.
17G illustrates a television receiver which can include a tuner, an image processing portion,
and the like in addition to the above objects. FIG. 17H illustrates a portable television
receiver which can include a charger 5017 which can transmit and receive signals and the like
in addition to the above objects. FIG. 18A illustrates a display which can include a
supporting board 5018 and the like in addition to the above objects. FIG. 18B illustrates a
camera which can include an external connecting port 5019, a shutter button 5015, an image
receiver portion 5016, and the like in addition to the above objects. FIG. 18C illustrates a

computer which can include a pointing device 5020, the external connecting port 5019, a
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reader/writer 5021, and the like in addition to the above objects. FIG. 18DA illustrates a
mobile phone which may include an antenna 5014, a tuner of 1seg (one-segment partial
reception service for mobile phones and mobile terminals), and the like in addition to the
above objects.
[0273]

The electronic devices shown in FIGS. 17A to 17H and FIGS. 18A to 18D can have
a variety of functions. For example, a function of displaying a variety of information (a still
image, a moving image, a text image, and the like) on a display portion, a touch panel
function, a function of displaying a calendar, date, time, and the like, a function for
controlling a process with a variety of software (programs), a wireless communication
function, a function of being connected to a variety of computer networks with a wireless
communication function, a function of transmitting and receiving a variety of data with a
wireless communication function, a function of reading program or data stored in a memory
medium and displaying the program or data on a display portion, and the like can be given.
Further, the electronic device including a plurality of display portions can have a function of
displaying image information mainly on one display portion while displaying text
information on another display portion, a function of displaying a three-dimensional image by
displaying images where parallax is considered on a plurality of display portions, or the like.
Furthermore, the electronic device including an image receiver portion can have a function of
shooting a still image, a function of shooting a moving image, a function of automatically or
manually correcting a shot image, a function of storing a shot image in a memory medium (an
external memory medium or a memory medium incorporated in the camera), a function of
displaying a shot image on the display portion, or the like. Note that functions which the
electronic devices can include illustrated in FIGS. 17A to 17H and FIGS. 18A to 18D are not
limited thereto, and the electronic devices can have a variety of functions.
[0274]

The electronic devices described in this embodiment each include the display portion
for displaying some sort of information. By a combination of the electronic device in this

embodiment and the semiconductor device, shift register, or display device in Embodiments 1
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to 4, improvement in r_eliability, improvement in yield, reduction in cost, increase in the size
of the display portion, increase in the definition of the display portion, or the like can be
achieved.
[0275]

Next, applications of a semiconductor device will be described;
[0276] |

FIG. 18E illustrates an example in which a semiconductor device is provided so as to
be integrated with a building. FIG. 18E illustrates a housing 5022, a display portion 5023, a

remote controller device 5024 which is operation portion, a speaker 5025, and the like. The

-semiconductor device is incorporated in the building as a wall-hanging type, so that the

semiconductor device can be provided without requiring a wide space.
[0277]

FIG. 18F illustrates another example in which a semiconductor device is provided so
as to be integrated within a building. The display panel 5026 is integrated with a

prefabricated bath 5027, so that a person who takes a bath can watch the display panel 5026.

[0278]

Note that although this embodiment gives the wall and the prefabricated bath as
examples of the building, this embodiment is not limited to them and the semiconductor
device can be provided in a variety of buildings.

[0279]

Next, an example in which the semiconductor device is provided so as to be
integrated with a moving body will be described.
[0280]

FIG. 18G illustrates an example in which the semiconductor device is provided in a
vehicle. A display panel 5028 is provided in a body 5029 of the vehicle and can display
information inputted from the operation of the body or the outside of the body on demand.
Note that a navigation function may be provided. |
[0281]

FIG. 18H illustrates an example in which the semiconductor device is provided so as



10

15

WO 2011/010546 PCT/JP2010/061367

77

to be integrated with a passenger airplane. FIG. 18H illustrates a usage pattern when a
display panel 5031 is provided on a ceiling 5030 above a seat in the passenger airplane. The
display panel 5031 is integrated with the ceiling 5030 through a hinge portion 5032, and a
passenger can watch the display panel 5031 by extending and contracting the hinge portion
5032. The display panel 5031 has a function of displaying information when it is operated
by the passenger.

[0282]

Note that although this embodiment gives the body of the vehicle and the body of
the plane as examples of the moving body, this embodiment is not limited to these examples.
The display device can be provided for a variety of moving bodies such as a two-wheel motor
vehicle, a four-wheel vehicle (including a car, bus, and the like), a train (including a monorail,

a railway, and the like), and a ship.

This application is based on Japanese Patent Application serial No. 2009-172949
filed with Japan Patent Office on July 24, 2009, the entire contents of which are hereby

incorporated by reference.
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CLAIMS

1. A semiconductor device comprising:
a plurality of pixels each including a display element and a first transistor; and
5 a scan line driver circuit supplying a signal for selecting the plurality of pixels to a
scan line,
wherein a pixel electrode layer of the display element, a gate electrode layer of the
first transistor, a source electrode layer of the first transistor, a drain electrode layer of the first
transistor, and the scan line contain a light-transmitting conductive film,
10 wherein the scan line driver circuit includes a second transistor and a capacitor for
holding a voltage between a gate clectrode layer of the second transistor and a source
electrode layer of the second transistor, and

wherein the source electrode of the second transistor is connected to the scan line.

15 2. The semiconductor device according to claim 1, wherein the light-transmitting

conductive film is formed using a sputtering target containing metal oxide.

3. The semiconductor device according to claim 1, wherein the first transistor

includes an oxide semiconductor layer.

20
4. The semiconductor device according to claim 1, wherein the gate electrode layer
of the second transistor, the source electrode layer of the second transistor, and the drain
electrode layer of the second transistor contain the light-transmitting conductive film, and
wherein the second transistor includes an oxide semiconductor layer.
25

5. The semiconductor device according to claim 1, wherein the semiconductor
device is incorporated in one selected from the group consisting of a display device, a
computer, an image reproducing device, a goggle-type display, a game machine, a projector, a

television receiver, a camera and a mobile phone.
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6. A semiconductor device comprising:

a plurality of pixels each including a display element and a first transistor; and

a scan line driver circuit supplying a signal for selecting the plurality of pixels to a

5 scan line,

wherein a pixel electrode layer of the dispiay element, a gate electrode layer of the
first transistor, a source electrode layer of the first transistor, a drain electrode layer of the first
transistor, and the scan line contain a light-transmitting conductive film,

wherein the scan line driver circuit includes a second transistor, a capacitor for

10 holding a voltage between a gate electrode layer of the second transistor and a source

electrode layer of the second transistor, and a third transistor for controlling a connection
between the gate electrode layer of the second transistor and a ground electrode, and

wherein the source electrode of the second transistor is connected to the scan line.

15 7. The semiconductor device according to claim 6, wherein the light-transmitting

conductive film is formed using a sputtering target containing metal oxide.

8. The semiconductor device according to claim 6, wherein the first transistor
includes an oxide semiconductor layer.
20
9. The semiconductor device according to claim 6, wherein the gate electrode layer
of the second transistor, the source electrode layer of the second transistor, and the drain
electrode layer of the second transistor contain the light-transmitting conductive film, and
wherein the second transistor includes an oxide semiconductor layer.
25
10. The semiconductor device according to claim 6, wherein the semiconductor
device is incorporated in one selected from the group consisting of a display device, a
computer, an image reproducing device, a goggle-type display, a game machine, a projector, a

television receiver, a camera and a mobile phone.
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[EXPLANATION OF REFERENCE]

100: circuit; 110: circuit; 111: transistor; 112: circuit; 113: transistor; 114: capacitor; 115:
transistor; 116: transistor; 120: circuit, 121: transistor; 122: circuit; 123: transistor; 124:
capacitor; 125: transistor; 126: transistor; 130: circuit; 131: transistor; 132: circuit; 133:
transistor; 134: capacitor; 135: transistor; 136, transistor; 140: wirings; 141: wirings; 142:
wirings; 143: wirings; 151: wirings; 152: wirings; 153: wirings; 240: wirings; 1400:
substrate; 1401: gate electrode layer; 1402a: gate insulating layer; 1402b: gate insulating
layer; 1403: oxide semiconductor layer; 1405a: source electrode layer; 1405b: drain
electrode layer; 1406: conductive layer; 1407 oxide insulating layer; 1408: protection
insulating layer; 1409: planarizing insulating layer; 1431: first high resist drain region;
1432: second high resist drain region; 1433: oxide semiconductor layer; 1434 channel
formation region; 1435: metal electrode layer; 1436: resist mask; 1437: resist mask; 1451:
gate electrode; 1453:. oxide semiconductor layer, 1454. oxide semiconductor layer;,
1455a: source electrode layer; 1455b: drain electrode layer; 1456: pixel electrode layer;
1460: thin film transistor; 1470: thin film transistor; 1500: capacitor wiring layer; 1501:
capacitor electrode layer; 1502: capacitor; 1503: capacitor wiring layer; 1504: capacitor
electrode layer, 1505: capacitor; 2000: shift register; 2400: substrate; 2402a: gate
insulating layer; 2402b: gate insulating layer; 2405b: drain electrode layer; 2403:
protection insulating layer; 2404: planarizing insulating layer; 2410: thin film transistor;
2411: gate electrode layer; 2412: oxide semiconductor layer; 2413: channel formation
region; 2414a: first high resist drain region; 2414b: second high resist drain region;
2415a: source electrode layer; 2415b: drain electrode layer; 2416: oxide insulating layer,
2417: conductive layer; 2420: thin film transistor; 2421: gate electrode layer; 2422: oxide
semiconductor layer; 2425a: source electrode layer; 2425b: drain electrode layer; 2426:
oxide insulating layer; 2427: pixel electréde layer; 2430: oxide semiconductor film; 2431:
oxide semiconductor layer; 2432: oxide semiconductor layer; 2433a: resist mask; 2434:
metal electrode layer; 2435: metal electrode layer; 2436a: resist mask; 2437: oxide
semiconductor layer; 2438: resist mask; 2439: oxide insulating layer; 2440a: resist mask;

2441: contact hole; 5000: housing; 5001: display portion; 5002: display portion; 5003:
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speaker; 5004: LED lamp; 5005: operation key; 5006: connection terminal; 5007: sensor;

5008: microphone; 5009: switch; 5010: infrared port; 5011: memory medium reading
portion; 5012: supporting portion; 5013: earphone; 5015: shutter button; 5016: image
receiver portion; 5017: charger; 5018: supporting board; 5019: external connecting port;
5020: pointing device; 5021: reader/writer; 5022: housing; 5023: display portion; 5024:
remote controller device; 5025: speaker; 5026: display panel; 5027: prefabricated bath;
5028: display panel; 5029: body; 5030: ceiling; 5031: display panel; 5032: hinge portion;
5033: light source; 5034: projection lens; 5391: substrate; 5392: driver circuit portion;
5393: pixel portion; 5401: substrate; 5403: insulating layer; 5405: semiconductor layer;
5406: insulating layer; 5407:conductive layer; 5408: liquid crystal layer; 5409: insulating
layer; 5410: conductive layer; 5411: substrate; 5412: insulating layer; 5413: light-emitting
layer, 5414: filler; 5415: capsule; 5416: liquid; 5417: particle; 5418: particle; 5402a:
conductive layer; 5402b: conductive layer; 5404a: conductive layer; 5404b: conductive

layer
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